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Research and Development the Neck Orange for

Conservation of Local Plant in Songkla

Abstract

This research project includes 6 sub-projects for which the overall aims were to
study and compile the knowledge on the production of neck orange (Citrus
reticulate Blanco) and the conservation of local plant, neck orange varieties in the
Southern province.

Findings were as follows:

Studying disease occurrence and relationship between disease severity
and environment factors were done in Chana district, Songkhla province. The
result showed that canker disease appeared symptom on stock of neck
orange on lime and pummelo with disease incidence 2.14% . Foot and root
rot disease incidence was 2.14 % . The occurrence of greening and tristeza
appeared all of stand trees in orchard (eye observation). They were 100 %
incidence. While, zine deficiency symptom was complexions of causing
nutrient unbalance and greening and tristeza. When calculated correlation
coefficient to describe relationship between environment factors including rainfall,
temperature and relative humidity and neck orange disease incidence of foot and
root rot, canker, tristeza/ greening and sooty mold, the result showed that most
factors and disease incidence did not relate, only sooty mold and relative humidity
had significantly correlation coefficient of r= 0.14. The relationship between disease
severity and quality did not calculate. It lacked of data since the only few plant trees
set fruits, we did not random or fixed for variated of disease severity/incidence. The
isolation of antagonistic microorganism from soil sample collected from orchard, two
hundred five colonies were isolated. There was rough categorized in to 5 groups by
characteristic of colony cultured on Nutrient Agar. The twenty-one fungicides
collected from local agricultural store were screened for high control efficacy against
Phytophthora parasitica by poisoning medium technique. Hexaconazole, thairam and
tridemorph were the highest efficacy to inhibit mycelial growth of 94.22, 94.22 and
90.44 % respectively. The screening antibiotics, fungicides and antagonists to control
Xanthomonas axonopodis pv. citri were done. Streptomycin, ampicillin, tetracycline;
copper compound copper hydroxide and copper oxychloride were showed of
control efficacy. The antagonistic Bacillus amyloliguefacien (KPS46) and Paenibacillus

pabuli (SW01/4) were high efficacy control.
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Appropriate management for control insect pest of neck orange. The study on
population and damaging on neck orange, was conducted in 7-10 year neck orange
famer plantation in Chana district, Songkhla during January 2018 to November
2019. The population and infestation study was found that, the highest damaged
from stem borer peaked in September average 1.13 holes/plant. The species of leaf
miner, Phyllocnistic citrella Stainton was found, which the highest abundance peaked
in April average 2.39 number/shoot and damaging percentage were 16.67% in 2018,
In the year of 2019, The abundance of leaf miner were the highest in April, average
2.39 number/shoot, which damaging percentage were 16.67%. The four species of
fruit fly were found; Bactrocera dorsalis, B. papaya B. correcta and B. carambolae.
In the year of 2018, The highest abundance of fruit fly peaked in the December,
average 23.27 number/trap and the damaging percentage were average 20.33 %. In
the year 2019, The highest abundance of fruit fly peaked in January, average 25.94
number/trap and the damaging percentage were 20.33%. One type of leaf eating
caterpillar  (LEC), Papilio demoleus malayanus wall was found. In the year of
2018, the abundance  of LEC peaked in April average  0.20 number/shoot and
damaging percentage were average 1.73%. In the year of 2019, the abundance
of LEC peaked on October, average 2.14 number/shoot and damaging percentage
were average 5.22 %.

The correlation coefficient relationship between the population of leaf
miner, fruit fly and LEC and the weather factors were found that the population of
leaf miner with the temperature and the wind speed were very low relationship and
in the opposite direction (r=-0.18 and r=-0.24, respectively). Rain fall was very low
relationship in the same direction with the population of leaf miner (r=0.20) and the
relative humidity was moderate relationship in the same direction (r=0.56). For the
fruit fly, The population of the fruit fly with temperature and wide speed were very
low relationship in the opposite direction (r=-0.28 and r=-0.14, respectively). Rain fall
was moderate relationship in the same direction. With the fruit fly population
(r=0.56), while humidity vary low relationship in the same direction (r=0.09). The
relationship between the weather factors with the population of LEC found that, the
temperature was very low relationship in the opposite direction, (r=-0.48) while wind
speed was low relationship in the opposite direction. Rainfall and relationship
humidity were low relation in the same direction. (r=0.11and r=0.09, respectively).

The effectiveness treatments for controlling Neck orange pest insect; stem
borer, leaf miner, fruit fly and California red scale, was conducted that the infestation

of stem borer, after spraying treatments found that the control (non-treated) was the
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most increasing the bore holes, 3.50 holes/tree, following by Bacillus thuringiensis,
chlopyrifos, dichlorvos and benzene with 1.00, 1.00, 0.75 and 0.00 hole/tree,
respectively. The highest effectiveness treatment was benzene with 100%, followed
by dichlorvos, Bacillus thuringiensis and chlopyrifos with 75.51 68.47 and 64.84 %,
respectively. The effective treatment for on the number of leaf miner was
imidacloprid 83.61% followed by cyflutrin, Petroleum oil, tobacco and Thai neem
extract with, 75.59, 69.36, 67.69 and 33.20%, respectively. The effectiveness
treatments on the damaging percentage, imidacloprid was the highest 84.45%
followed by cyfluthrin, petroleum oil tobacco and Thai neem extract with 80.43,
73.84, 69.49 and 55.47 %, respectively. The effectiveness treatments for controlling
fruit fly after spraying treatments found that, fruit wrapping was the highest
effectiveness on the number of fruit fly 97.61%, followed by abamectin, carbosulfan,
imideclopid, petroleum oil, Thai neem extract and galangal extract with 92.14, 91.51,
87.38, 65.59, 58.27 and 49.17%, respectively. The effectiveness treatment for
controlling California red scale found that cyflutrin was the best effectiveness
treatment with 77.39%, followed by imidacloprid, petroleum oil Thai neem extract
and tobacco extract with 70.82, 29.68 26.13 and 9.98, respectively, compared with
non-treated control.

Fruit growth and development of neck orange at the optimal time for
harvesting under the difference period of climate was reported. The experiment was
conducted at the orchard in the Banna sub-district, Chana district, Songkhla province,
Thailand starting from January, 2018 to September, 2019. The effect of the harvesting
time around the year was divided to two time of the year, half year and half year
later which was advanced significant difference of the harvesting time. The half year
could develop as indicated fruit weight (g), peel weight (g), pummelo fresh (g),
diameter of fruit (cm) and fruit circumference (cm) compared to the half year later.
The fruit quality of the half year had higher total soluble solid (TSS), titratable acidity
(TA) and TSS/TA ratio than a half year later. The fruit age at 5th 6th 7th 8th and 9th
months was develop of fruit weight(g), peel weight (), fresh weight (g), diameter of
fruit (cm) and fruit circumference (cm), the result showed that fruit age at 8 th
months could develop the highest of fruit weight(g), peel weight (g), fresh weight (g),
diameter of fruit (cm) and fruit circumference (cm) and highest of fruit quality as
indicated of TSS, TA and TSS/TA ratio.

Study on appropriate plant nutrient management on growth and yield
qualities of neck orange (Citrus reticulate Blanco) in Songkhla Province was
conducted in farmer fields at Jana district during April, 2018 to March, 2020. The



experimental design was randomize complete block design (RCBD) with 5 replicates
(1 tree per replicate) and 5 treatments as follows: (1) fertilizers application based on
farmer practical method, (2) half fertilizers based on of farmer practical method, (3)
fertilizers based on soil fertility analysis, (4) application organic fertilizer (manure) rate
50 kg. per tree and (5) application high quality of organic fertilizer rate 50 ke. per tree.
The results showed that fresh weight, volume of neck orange juice and total soluble
solids (TSS) were significantly (p<0.01). The treatment 3 gave the highest respond on
growth and vyield qualities, fruit diameter at 9.58 cm, fresh weight at 276.88 g, and
rind thickness at 0.44 cm, volume of neck orange juice at 179.33 ml /fruit, total
soluble solids at 13.16 % Brix and total titratable acidity (TA) at 0.64 %.

The production of disease-free neck orange by biotechnology and process of
conservation. The factors affecting on growth are explant, plant growth regulators
and culture media. The clonal propagation of disease-free began from shoot tip were
culture on MS medium supplemented with 2 mg/L BA (6-Benzyaladenine) gave the
highest average number of shoot at 3.33 shoot per explant and MS medium
supplemented with 1 mg/L NAA (1-naphthylacetic acid) and 2 mg/L BA gave the
highest callus induction at 40 percent. After that, study on 6 stocks for neck orange
scion and found that neck orange stock can contract and gave the highest shoot
formation at 8.8 of shoots/explant. Effect of type of culture medium on shoot
proliferation found that solid-MS medium supplemented with 1.5 mg/L BA gave the
highest shoot at 10.6 shoots/explant. The concentration of plant growth regulators
and method optimum for root induction found that MS medium supplemented with
2.5 mg/L NAA were culture on condition without activated charcoal gave the highest
number of root 2.91 roots/explant and root length 3.09 centimeter.

Plantlet nursery of neck orange derived from tissue culture by bring plantlet
with root and complete strength were wash root for without agar then, dip the roots
in the antifungal. Planting in pots with sand, mixed with rice husk at the ratio 1: 1
using plastic bags to cover the pots and placed in the nursery at 50 percent sunlight
for 1 month. It was found that the plantlet had 90 percent survival rate examination.

The plantlet of neck orange obtained from tissue culture and top plug in
vitro using PCR technique showed that all of 16S rRNA gene primer from Candidatus
Liberibacter asiaticus used for this study the disease did not found on neck orange
grapefruit in all kinds of rootstock.

Therefore, the production of disease-free oranges by shoot meristematic
tissue technique can solving the problem of greening and tristeza with PCR

techniques in order to confirm that the plant derived from tissue culture is disease
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free virus before planting, it is another way to expand the disease-free orange tree
and is a solution for future orange garden farmers. And can conserve varieties of neck
orange, which is the local orange of the southern region in sterile conditions and
conversion.

Study on physiological characteristics of Neck Orange which was grown on five
kinds of orange in citrus species tree such as native pomelo, Thongde pomelo,
Citron, Kaffer lime and Bitter orange that were grown from seeds at six months. The
branches of the Neck orange, which were 5 months, 10 centimeters long, and with 4-
5 buds, were used by cleft grafting. Completely Randomized Design (CRD) was used
as an experimental design. After 24 months of cleft grafting the result showed that
rootstock of Bitter orange gave the highest of average plant height, statistical
significant difference followed by Native pomelo, Thongde pomelo, Citron and Kaffer
lime at 126.20, 112.80, 107.40, 106.20 and 89.00 cm, respectively. The height of scion
upper stem found that rootstock of Bitter orange gave the highest of average height
of scion upper seam followed by Citron, Native pomelo, Thongde pomelo and Kaffer
lime at 98.40, 94.00, 90.80, 90.40 and 61.40 cm, respectively. The highest number of
branch per tree of Neck orange was found on rootstock of Citron followed by Bitter
orange, Thongde pomelo, native pomelo and Kaffer lime at 19.20, 17.00, 14.80, 13.80
and 11.20 bunch/tree, respectively. The height of fresh leaf weight of Neck orange
was found was found on rootstock of Bitter orange followed by Citron, native
pomelo, Kaffer lime and Thongde pomelo at 2.43, 2.23, 2.07, 1.98 and 1.97 g,
respectively. In addition, the highest dry leaf weight of Neck orange was found on
rootstock of Bitter orange followed by Citron, native pomelo, Kaffer lime and
Thongde pomelo at 1.08, 1.04, 1.03, 1.00 and 0.88 g, respectively.

Keywords: Neck orange, Conservation, Songkla
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FEAUINITIERN X IUIUAUTIVILA

ANFuUsEANSANTUNUS (r) STAUVDIAMUFUNUS

0.90 - 1.00 fanuduiusiugaun

0.70 - 0.90 fanuduiusiuluszavas

0.50 - 0.70 TanuduiusiulusgauUrunans
0.30 -0.50 fauduiusiulusssusi

0.00 -0.30 fiauduiusiulusssusiunn

A175U LASDINUNY +,- NUIAILAVAUUTLEANTANEUNUS 92 UaNDINANIIVD S
ANUFUNUS Tnedinin

P = = v o sw a a o o = a Y
r UAIBDINUY + )F N ﬂ']iiJﬂ’J']ﬂJaﬂJWUﬁﬂuvLUIUVlﬁW"NL@S?ﬂu (G]'JLLTJ?VUQ@JF’]']QQ PRI

nilaaziiangalume)
r ARy - e nstanudunustuldludaniansatugy
(Fauwdsnilallrnas Mmuusendmilaaziiangi)
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4. \iusausaaamn lsaddgandugnluiuiivgndugn
4.1 msLL&JﬂLsua'mmmeiﬁﬂiwLuWLLauIﬂuLuw (Phytophthora parasitica)

357 1 mmamwnamwm%a P. parasitica 71875 tissue transplanting
method lagifudaegasnainduduaniinansernndulsasinuiinaglauitiiainuyag
nunsnslulaiuivgniasivodedu wu 81931 dule wagyiseu Wiiieg1auna1wiay
azonlagUasslnunlvaniu 2-3 Halus thdregranduinliumiudiuusdiudn lnodndiogis
TemTuagUssunn 1 wufmns lualu clorox 10 wWesifius 2 il anseiinauilaenie

A v = Y a Az 0 & Y o o A& ) | v

\iadn9 clorox 88ndN 2 ATY Funseawivynileineund Jntudiuiiegliiivun 5x5
Tadiuns M1UN1SWYAY clorox UWI11T PDA, WA, NA Lag Modified BNPRA Tag114
A298749 4 Ju ¢ia plate WBANYINITLENTBUTNTVLTRAME LilBlAWBUTENEYINNIS
NAFDULAEIVUBIMTTLANANAUINoANwIdnwgvouduleltes) P. parasitica YIS 3
%ilm Ao Carrot agar (CA), Potato dextrose agar (PDA) way V-8 juice agar (V-8) #3290
HaN1INAalenty 3, 5 uay 7 Ju uasiiveldlunisfnwisialy

axal & ¥ ) I a a Y A & Y aa

T8 2 MIWENLYe P. Parasitica 31nAIREAUUTIIMTINANFUNTATULsARIETS
soil surface dilution plate N15UNAIBE19AUTIUIU 50 n5U wauasludInauilseinae 250
faddns Wweguu 15-30 wil Welielsaeenuiagluly Yasesiulvnnazneau annduly
micropipette A9 suspension USu1ad 10 lulasdns veaaduue1nis PDA, WA, NA Lag
Modified BNPRA W&2%i1n1s spreed plate Usi@iounu 7 Ju deniulaladuavdnuazvaady
TeMAsYTUNUUEIDIMTNTANURANANAUNDANYINITRENLTOUSANTVBUTD P. parasitica
Waldlyeuignsinnisneageuifssuuemsnunnaniuiefnwanwazreaduluesn P.
parasitica Uu©1%13 3 ¥iin Ao Carrot agar (CA), Potato dextrose agar (PDA) Wag V-8 juice
agar (V-8) asyadufinnanisnaassiloniy 3, 5 uag 7 U uaziivelylunisdnwisaly

4.2 NsuENLTaLUATISEaMRLIALALNBS (Xanthomonas axonopodis pv. citri)
Auegsdugniivanteinisisauaaunes wasdusdnduq liun dule uzunr
dulanu wazuznga laginisiudiegneiuansein1snlu A a1 uazka laguisiegilsa
ca & v ° | S o a g v s & Y
wALNBSMAUNIA1SYIIANEzen Tnar 1wt lualluian 5 i Tonsslnsngdeuddn
a A 1 o 1% 1% qo/ & = 1 dy 1% gj o 1 I3 Y v
vinamkadulmie drludemsiinauiligndendn 1 ass Wlutueanegednududu 70
¢ @ ¢ a Y goJ & = 1 4” a 5 3 ) | A 1 dy v
Wosidud 1Wuan 5 uiil dstnduilieaedn 2-3 ass anduihliualulnssieva el
a ° & & = v & Y v ° % N
aziden Wiasaratgidenueni¥endnlmdudunienisvin cross strek aegu (Loop) 71k
& v a v I3 1Y) v A Ao A )
9 NYBUET UWBIMNT NA aungilviad llunan 24-72 4lua dndenlaladidviios du yu veu
BSou dnluiliuans waziiusneielinnglduidu (paraffin oil) wazluiinausangedn
aaumndl 10 eseealdea wisldlumsfinusely
4.3 nM3nsIaeulsAvIamgIvesduyn (Citrus Tristeza Virus)

dndunanslu (midrib) vesdugnuiaineisiduiesiu (total RNA) Tneldynarin
RNeasy Plant Mini Kit (QIAGEN) A13A1WUz1Y8IUTENENER A5 UNananilalag
agarose gel electrophoresis wai1i1815touLeNlanInsIidadelsansamaglneldmaina
Reverse transcription Polymerase Chain Reaction (RT-PCR) (Mehta et al., 1997) i oLy
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Srunudulusiusieriueynia (coat protein gene) Aifivunn 674 bp 14 7A1 (5° CCTAGGGACG
ACGAAACAAAG AAA 3°) 18U forwards primer wag 752 (5’ ACTGTGTTGAATTTC CCAAGCTG
3") 11U reverse primer wainsivdaulayly agarose gel electrophoresis LLazmi’Jﬁlsgﬁ die
fudunanie3d genomic Nothern dot blot hybridization lneld@insiailu coat protein
gene fifinaaindie DIG-11-dUTP (Roche®) Ainaunsiadauna bybridization ¥944771373
§e Anti-DIG Fifinaainsie alkali phosphatase wagdl CDP star Wu substrate 1iANERA
HuansBeuauarnsiaaounisisouaieilaudnse (X-ray film) fegrslafifidelsansa
W10 aLIAngaRIaY (Eiras et al., 2001; dann¥ad wazAne, 2550)
4.4 mimaﬁlaa‘uL%’amm&ﬂiﬂﬂ‘%ﬁﬂ (Greening Disease)

Wdunanslu (midrib) vesdugnunainfidute (total DNA) 1ae35 CTAB (Murray
and Thompson, 1980) As1aaaunananiilélang agarose el electrophoresis wain3luding
Butediatalduinsiaidaselsalasldimaiia Polymerase Chain Reaction (PCR) Liiatiiy
$rurudulsluleuealusiu (ibosomal protein gene) ludsuwes rplj senefifivunn 703 bp
14 A2 (5" TATAAAGGTTGACCTTTCG AGTTT 3°) 1lu forwards primer uag J5 (5" ACAAAAGC
AGAAATAGCA CGAACAA 3) vilu reverse primer (Planet et al., 1995) wainstvdaulaely
agarose gel electrophoresis LLazmwegw Wedudunadieds genomic Nothern dot blot
hybridization Tagld@insiaidu outter membrane pretein gene (omp gene) fifnaaIndae
DIG-11-dUTP uazfian1unsiaaaunaldulieliunisnsaeulsansangilagnynnuuiay
WBNG58 (Eiras et al,, 2001; dan1iad wazay, 2550)

5. fnwianuduiusnisiialsaiidrdyiununmnanandugn
dmsununadeunnnmradugnannsduiiustegslulnamdndugn insnageu
AMNNUDINAKER 2 ANunEhD
5.1 &nvagatouen Wun Snvasiiveadtudion dudaldfedie Yssnoude U3
vun Fdunelude wasfione Feinaniussdiudeaeminuusl el

- ldwuemsveslsafinanan (Uni)
= WURINNIURILSATINANAR <25%
WueMsvaslsANiNanEn >25-50%
= WUsINSYRdlsATINGNAR >50%

W N = O
1l

52 dnwazngly laud deenudunsauaztiimanaensudnvasiidudalaainnis
Ustaasaeln au loud sawd eduda Jamusamanguslnavey lnglvinzuuuniuesey
ndegluannwiiu 0-3 Azuuu WekuInguradulon AN INUeITasId ¢ seaulaun

0 = SAYIFLY

1 = savddiunans
2 = SauFetoy

3 = SAY¥IFeIRNNIN
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= v A & a s v v & a &
6. nMsAnwINsAnaniauUndniiuuildulunisdudnisiaiyveataaimglsnsnuay
Tauiiuaglsanasnasvasdugn
6.1 NMsenapIMazhuATsaU U

adal [ % 1 a [ a 1 1 <

o9 1 iiudegiely At d19u wagsnfiauysallifiniswansenisise Tngduiu
Y 1 g v dy d' 2 o dgf a a a L4 dy d‘ Q‘ o
fagsanaudunluiiunvgndugn dnuenidesuazuuaiiseyjindanideigely fs d
fu wazs1nvesdugn 1neds tissue transplanting lnatiudiagdlu A ddunazsinandudy
nfliuanseinistsranuuanuasnsluwaiuiilgndugn dhdegranaeiavazenlng
Uaeglrilnaniu 2-3 Ast drdegranduiliuminanuesintuau Inusnmiognglie1iau
avUszanas Tidlaunm 5x5 Jadwns luualy clorox 10 Wasidud 2 uni dremeiinduilasin
\WaLiedna clorox #andn 2-3 ase Fuliiunamenseauwiivynileeiiouds duidaideiogi
AINAaNLALI9AI9E1 4 FU MD 1 MUIMITERYLLTD 2119UUDIMT PDA (lanzlalatusaitos)
way NA (anglaladvesiuailise) Wuan 10 w¥ Wieduduinisnsansiildaansaridniie
YUIUouNiIw09io1d9210819991un 119U ULE 80 N1T91115 PDA way NA UuLdad
gaungIvies dunanisaliaieyannileidefiayniy IeAnwINsueneuTavsve LI uay

aa a ¢ o o & 2 & A a M & '

wupRSeUfUng v 2-3 AT uasiuenuIanslinaaeudunousoly

/9 2 iusegaRuusnaINAudugnuazAUUSINIBUTINAUdugnauysallid
91N15UEANIBINTLIA 18T soil surface dilution plate N15UIAI9E19AUTIUIU 50 NTU
ranaslunauilagnge 250 1addns lwetuiu 15-30 wid ielidesuasiuailisaujing
panuiaglul Yassaulinnnznou 31ntulyd micropipette @A suspension U3utas 10
lulasans nenasuue1ms PDA, WA, NA uaz Modified BNPRA W&2911n15 spreed plate Uil
Weunu 7 Tu ideniiulalaiivazdnwarvesdulefias g uniuuiaemisidanuuanaieiu
WaANYINITHENLTBUTANTVO YA NUNAMIY NUINIATIFoULTa Mg NTALauTu
ol uRnIsanes

ad a < Ly} 1 a o v a 1l | <

B9 3 1hudegnalu As ddu wazsinfianysalluiinisuansenislse lagduiiu
meaghsanaudunluiiunvgnduan dnuenigesuazuuaniseudndanideigelu s d
AU kasINTasduRN gl dilution pour plate Inednduduly Qs d19u wagsn ageas 10

[ LY 96’ o 1 d’l’ a aa Y < al a o
N3 wandvdinauilsenge 90 Jadans wE1AwAIUEY 150 50U/UNT U 30 U9 ¥inIg
1309747 10° Uag 107 gaansuIuasy 10 WlAGRT MeAaUILeMITEEUTBLAIINTT pour
plate A2891M15 PDA waz NA Uufiaaungiivied 1uiian 24-72 43lus weneliuigns udn
v & a a d' A vy oA = i
gheadlunasnemsidendesnuridaveseimisiuenaelaiielglunsinwnely
7. Msnagaulszansnmvandauiny uazarsindlunisaruaulsasiniiinazlauiii
uazlsauAunasvasdugn
7.1 Mmanaaeuyseansnmdeufindlumsaiuauide P. parasitica awvinlsnsIng

wazlAuL

339 1 miﬁmLaaﬂmasmmmﬂumwLﬂuﬂgf]ﬂwiumssmmmmimsumiimwﬂ
whuaglauniiidnanide P. parasitica MLENYRANIINAUYN LLauWSU’eJu LU 19I5
1o LLaw!L'iﬁlu #2875 dual culture Imamiamma P. parasitica a1z e cork borer Uu
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91MaiAsade PDA USuns 20 addns TUAIIUNARBIVUIALTURIANINATN 9 LURLIAT %119
MNVBUINUNARDY 2 LYURALUAT mé’amﬂﬁ?mwLs?iyamﬁfjméé’mmaﬁ’u%’ﬂmwﬁ’u 6 LYURLIAT
wazluyamuauiinisadenannglsaifissegraferlunuomaisnde Judelid
QUNYIITIBY L“‘fjJuL’Jm 7 Ju uavdudinua

87 2 miﬂmaaﬂu:umnLiswmLLu'JIum’]Lﬂuﬂg{lﬂwiuﬂWiau&qumimaﬂm
snihuagleuhfiiaanidie P, parasitica uenieaingandugn uazlivdu 1y 819
dule wagniseu Aae35 dual culture Tan1snade P parasitica Aa1eseg cork borer 119
vupTABade PDA Tasdrsliinsanvevanuieade 2 wufiuns ndeaindu 3 fu 364
loop Tirulngideudauns single colony yesuuAiiFeUfIndinIenly (g 24 dalus) In
Judunsaiunsdinfuiugesindinouluiuiduriugudnats visantuides 5
wuiluns Wisuiflsuiugamunuiinaengiude P, parasitica Uudoliigamgiivies 1y
11 7 U uastudineg

7.2 msmaauﬂisﬁw%mwL%@UﬁﬁﬂwﬂlumsmmmLs??a X. axonopodis pv. citri @9

lsAuAgNes

7 1 mafadenuuadiGefifuualtuinfulidndlunsdudinisasyvente
X. axonopodis pv. citri fusnideanmnanndugn wagivdu 1y urun dlsnuuay uzngn
AaE75 paper disc diffusion methods Tnemsideadewsnszninatdes X, axonopodis pv. citri
LLﬁ%L%@LLUﬂﬁL%Hﬂﬁ{]ﬂﬁiua’]Wﬁma’J NB U311as 20 faddns vuadeawdn 150 sou/undl
Huinan 24 9Tus USuArnnutuees suspension Levisandliiainiy 0.2 0.0, (Uszana
10° cfu/ml) fianueniadu 600 wiluims ga suspension LWouuaili3sanvnleafindouly
USues 1 fadans wauaslunnilussgemns NA fivaeugamaiussunn 45 ssrwaidoa 20
fadans naulfidrfunasmadlusuidsntefivasaido uazge suspension Liouuaiide
UtnsinTentreiuuiums 10 lulasans veaasuunszasnseanauiues 1 (paper disc)
yundurngugnats 5 faduns AvaenloanauuaIuemAsLTofil NA nawde X.
axonopodis pv. citri Twseulidnsfuaiuay 4 Ju Um%aﬁqmmﬁﬁm nsvdouUIala
(clear inhibition zone) i@ULLﬂUﬂiS@WH%ﬁQﬂQﬂL%@IULLéj’J 48 $lus Uspifluuszansninves
delunsudaseaunis

Uususs @adiung) = (uniuinududsimue - aunfeedalad) / 2

87 2 msﬁ’ﬂLﬁammﬂﬁL’%aﬁﬁLLmIﬁu'j'}Lﬂuﬂﬁﬂﬂﬂumié'uégqmim%mﬁuau%a
X. axonopodis pv. citri uniedUMANGLN kagHrdu 1y uyun dulinuuaz uzngn
#1838 agar diffusion lasn1siAsadeusnsevinaie X. axonopodis pv. citri uaz HouvediSe
Uftndluemnsivan NB US1nns 20 fladdns vuiedesagn 150 seu/anit iunan 24 dalus
USuA1ANUYDY suspension iWetisaadliliAvinfy 0.2 O.D. (Uszaa 108 cfu/ml) fiaa
g12AAU 600 ululLns A suspension Wauuafisatvnleafiviouliviuns 1 Saddns
weanadluIAfius9e1Ms NA fivaeugamgiuseann 45 ssriwaidoa 20 fadans naliidn
fuazmadlurnuemnaidsadefiniunissindeonds fdlilimiemausts nduld cork
borer YuALELHIUAUSNAT 0.5 leuRiluns 19IgnauUURMTIeWMITILIL 4 90 9nduld
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. . . A a a ca o & Y v a
micropipette ga cell-suspension vasuuailizeyfjUnyilaseunudunaudienulsuing 30
lulasdng nenaslunquillnTouuAasauaIuu U MITIEUTNE NA NaULYe X.
axonopodis pv. citri Unitefigamgivies lluian 48 Halus Usziliuauaiunsalunisasey

& o a ceal o & . ., . A
vaaaluaniseUfUnysnedlunauiuiiie X. axonopodis pv. citri inauluavimaasulay
Wigulguiunssuigaupuiildiinauilaenevenadluqunageuwny

7.3 Mnaaeuasalniivseansainlunisevalsnvesdun
aa A a a a ada & =
/N 1 NAFBUUURWMNTHY NaaeulTEAnSAnvetasAlinlsooamelad
wenlaainde 13.4.1 133 poisoned food Wanldansiaiindvigegnuvisman ausedy
AnudntungNanuuzn wazissAuauddusiiiy navadluenms PDA Tawesidudnig
guginsiasyresdulowesilisuiisuivynniuny antuunliigamgil 25 esrwadya
Junan 5 Tu Tuiinua 219uNun1svease Luu Factorial in CBD Usznausie 2 Jade fe wiln
astesaiumdnies wazssaunnuuty Wisusuaeaslaglyds DMRT
wWesiudnisdudsmsiasaeadulees = (R1-R2) x100/R1
e R1 = mnugmidushugudnalwedalaididaluauaiuay
R2 = Anugniduiugudnawedalaiideluaunaasy
9 2 nsneaeuUszansnmaesansiaiindaiioanglsaiiuenlaainde 13.4.2
A18735 agar diffusion lneN191889TBLTD X. axonopodis pv. citri Tue11siral NB Usuns
20 fladdns VAT 150 sau/ud WWuian 24 92lus USuAImIIuuves suspension
WeamglsaluilAnviiau 0.2 0.D. (Useuas 10% cfu/ml) NiANE1IAGN 600 WIlULLAT @A
. & A a A o Y a A aa ‘:4'
suspension WakuaTiseanulsalnseulivsuns 1 1addns nauadluviniiussgemis NA
Inaetgun)iiuszanm 45 asrnwalted 20 Iadans nauliidifuuasinasluaueimsiies
Weiiunisdneuds Nebiliianinemisuis anduld cork borer AunAEURUARENAT
0.5 LWUALAT IBVAUUURININEIMTTUIU 4 99 31n1UlY micropipette gaansiaiinagey
AUTEAUAMUINTUTNHAALUEY kasTiseauAududuaeiy Usuns 30 lulasdns ven
aslunquinIEULABYNGNAIUUIIUDIMISLEEUYBNT NA HANWD X. axonopodis pv. citri Uy
& A a v &, o a a & a a a seal
Wenlgaumgivies Llunan 48 Talus Yseiliuanuanansalunisiasgueaiouuniiseuindgn
aglunauiuida X. axonopodis pv. citri NrauluemisnaaeulagiuIeuiiguiunssuis
muAunldiInauileenenasluraunaaa ULy
8. nnagavasaiiuaziaufuneniiseaniainlunisaiuaulsavasdugnlussiuanin
13UNAADY
8.1 NMSVAFBUNIIAIUALLYE P. parasitica
N133BUTRST P. parasitica o115 CA Unlifiaamgiviealuiian 4-5 Tu
1212A38 cork berer YWIALEUHNIAUINATG 0.8 WUFUAT VauTBIIRINA1IUTIMY BUlAlAT
1lU119UUD IS M91eRENT1218n (Oat meal — sand) Uit 210 N3y Tnsonsaziitnilon
IngUszana 5 wWesiud Tneumin vulilundefeamgiveaduiad 10 Tu newiilunauu
Ugnans AVRDC (dhuway Au ns1g Jevdin wagyeuenin ludns 1:1:1:3 awddv) i

4y Y g AT g o Y o

N3 NOUAY 2 A9 ar 1 F2lus wiazATinedy 24 4alus Tudasi 1:1 lasuiutdn
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(AR UaIN11NITNNTVBIINTU, 2541) ﬁwﬁuwamﬁ'ﬁmmLsﬁmﬁuﬁqﬂdwﬂdiuﬂizmqﬂz;ﬂsumﬂ 6
ih nsvansar 250 n3u wioudhendduqneny 2 WWeuasgn @umilumamiziuda) Gendu
néduaniiaunarintuy uddmnudinsnlifieuen 3 wuiuesndu nduiiluse
Aufiugniiussglunszansuunn 6 17 wWisuifisutugamuenillfiawizide P, parasitica uas
nsugnuuulalladie Ussiiuanuguusseslsaannismeasy 6 ieu snnsdnenn Yssdu
m’mqumﬂiﬂﬁiwm’m 1AB119UNUN1TNAABILUU Completely Randomize Design (CRD)
fefinsaaiBneasesil

aaa

A33UI01 1 YaAIuAL (L“Uai’l P. ,oarOS/tlca)

9
aaa

AFIUITN 2 YARIUAN (u’maummma)

9
Qdd

N33UIGN 3 @siAlivadoy + LGUEJSW A parOS/t/CO

aaa

ATIUITN 4 L%aiﬁﬂgﬁﬂwmawuﬁmaau + LGUE)’i'] P. /C)OI’OSIfICO

aaa

AFINI/N 5 LGUE]LLUﬂVlL‘JEJUQ‘{jﬂUﬂ’]EIWUSVIWﬂE]U + L“UE)’i'] P parasitica

Qdd

AITUION 6 Lszjém Chaetomium spp. (lfuamamim) + Lszja'iw P. parasitica

aaa

n351357 7 e Trichoderma spp. (L%V}’Nﬂ’]im) e P porasn.‘/co
aaa
330337 8 \Wouuail3eufinsngu Bacilus (Won1an13é) + 1Hesn P
parasitica
N330359 9 WeuuansaufUng Bacillus amyloliquefaciens KPSA6 + a3 P.
parasitica
8.2 mwmaaumamuaw’ﬁa X. axonopodis pv. Citri
iNswesduanuINIimeu lngidenfmeudugniiuania1nislsanadnesain
wUasUgndugn tnenisiameuld 1 Ju lngldsalisnawihnisudadudmeaeuiney aslane
Famaasulaifuf lng119uNUN1SNAaDILUU Completely Randomize Design (CRD) &l
N3IUITNAGIWIAL
n35u7e7 1 unsmeulue X. axonopodis pv. Citri
354757 2 weiwmauluthnauilesinee
axa 1a =
351357 3 urnameuluasiainaaey
axal 1a & a ¢ o
354357 4 udnwmeuluvesuUnvaeiugnaaeu
axal 1a & ! a ¢ [
351357 5 weiweuluveuuaiiseujindameiugnaasy
aca 1a & p & %
N35357 6 uinsmeuludes1 Chaetomium spp. (WeN194A15AN)
ada 1a & > & %
N353 7 wifsmoulutesn Trichoderma spp. (WoN19n15A1)
353359 8 wiwmeauluwaiuafiseudnengu Bacillus (Won19n13An)
n351357 9 witmeuluwewuaseuing Bacillus amyloliquefaciens KPS46
naneuduaniwtluusaznssuisuaiundgnlunseaisvunn 12 11 T9auNkus
dndoudilnonandeyaty wazyeusniludnsay : Jeyats : yeuening 4:1:1 audnu
Ugnilunan 6 ieu vinmsasaralaeiudwiuluiiuanseinislsanndu @ control 1A
AALAIALEILIUILAIIINITUGNATIMA LAY
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¥

2.2 Tnsanstiosil 2 Msdanisiivanzanlunisasiufdauuasdngdugnludminssvan
YBULVAVDILATINITAVY
N158197399 0 USU1UTEAINSUDINUBULAIEA1A U Uuaurauly Luasiunes
WagvuBULTIAY AngTTuYIR Jademellnaineivesuuas anuduiusividaduaniniindey
aaeATIINIsAnwIAUEeTAn NN Y aeveNas  UszAnSamuesansatnannity
a5t ansunfusazansauuadunisiesiuidaaninuas lunisiesfurdavuoy
L1Ea9U YUEUYEUlU WUATIUNDY LagNUaULNIEY
Fnsendun1sise wazanuiinnimeasyifiudeya
1. AnwUszennsnuauaizanduvuauroulu wuasiunas nusuwiadu wazanudemed
HNAINNITINANEVRLNAS wazANdunusnutadeannLInday
1.1 AnwAudsniganniuaulINzaAUY
Nsd1sRAMUEsgAINTUB AR uluaudunUe RN RN uTminawan
018 8-10 T Taemsguidenaiu 3 amu luudavarudududugns iy 10 du Tneddumeunis
fndunnsesd
1) guénsadudugndiuau 10 du luszeziinumssyuin Tuiindeyamnuides
lagnTIaTUTINIUIE ﬁLﬁ@mﬂmaumzéﬁuﬁammmmhﬂg%ﬁé’ﬂwmmﬁwﬂuﬁafq 819
Tnaduoenun LLazﬁﬂiaaﬁmgﬁismﬁaﬁwué’ﬂmﬁaz 1 a%
2) ﬁ'uﬁﬂ%’a;ﬂammLﬁamﬂﬁlﬁmmmuaungﬁﬂéfu AN3EITUVIR fnunaonda
ASANEN

v 1%
A a

3) Juiintoyaiug unedinnming) Wy gamall ANuFuduivg Ui

a

LAZANYIUIUVBILALAAY NNEUA naentien 1SRNy Tneldtayavinaniiingiseinia
Tudminaavan ihdeyailsande 2) aiwszimandusiudiuiadouindon rdeyadils
AnsgimenduUssansanduius () way Afddmneada (p) seninadszensuasiunes
Autladeumnge muasn1sveaiiesdu (Pearson’s method) aaelusunsu SPSS Version 16 lag
finausinnsfiansan enduusyavisanduiug (Ruarsziuanuduiug
1.2 Anwruszvnsuueuvauly

nsdrsiadsunadssnnsvueureululuaiudugnvesnunsns ludwinaswan
81y 8-10 U lnenisduidionau 3 awu ditavusuveuludulussesunnluseu lnvduduay 4
fim firiay 3 vom S 10 du/an tneddunountsduiunsdel

1) dudrsrasudugndiuru 10 fu Tuszeziinunisszuin amratiunusureuly
AnssssumAfinusazaudsmeiiinannsianeyn dan

2) vnstudindeyaussrnsvusuveuly Angssuvii wazainudenneiiny
MABAYIINTANY

3) Sufindeyatugiunsiineine) wu guvnll Avwdudising Uiy
LazANEMIULTBUALAENAUA Y saeatisnsAne Tnglideyannaniingineinia Tu
Jwinasvar drdeyailsandes 2) unlinszsimanduiusivdadounnden thdeyails
AnsimanduUsyansanduius () uay Alddyneada (p) serinalszsnsuaasiunes
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Autladeunige auAsn1sveiiesdu (Pearson’s method) saelusunsu SPSS Version 16 lag
finausinnsfinnsan Aduuszavdanduiug R) uagsziuaruduius
inasiusziunsinaevasruaugauly
srerlugeu gnisvihanelagUsediumeangninadl

€

" gusessesmsanadiufiuiluiauadadulesdudnisvians =100
" wudessesnsianadiuiiuiily 3 Tu 4 Anduediudnisvihane= 75
" gusessesmsvanadiufiuily 1 lu 2 Anduesiiuinisihate= 50
" qusessesmsianediuiuily 1 1y 4 Anduesdudnisyinane=25
1) 1ndeyansdrraimassnsrueueuly Tute 11hdeyadiléfingzsin
AduUsEAVSanduius (N way Adeddn1eada (p) sewinadszvnsuueuvelufudade
anmenelute 3 AuIsNsTRUNEdY (Pearson’s method) falUsunsu SPSS Version 16

TA8TN9INNSAINTAUNANFUUTLANTANAUNUS (1) WALSEAUANUAUNUS 9Tl

I3

AENUSEEVDEVAUAUS () SLAVVDIAMUAUNUS

0.90 - 1.00 fanuduiusiueann

0.70 - 0.90 fanuduiusiulusezauas

0.50 - 0.70 Tanudunusuluseauliunans
0.30 -0.50 fauduiusiuluszausi

0.00 -0.30 fauduiussulusssusiunn

s = a [ U [

AU 1eSeeng + , - wiFavduUseansanduius azvenisiimiwesnnuduius ne
fivmn
r fiadeenuieg  yneds mssinnudiusiululufiemadediu
+ (Fruvsnilatiengs Sndmilsazilagaluse)
¢ fitemng - el madanuduiusiululuiianiansaiudm
wswilsfiengs MuusBnsmiaaziiane)
1.3 AnwUszrnsuaasiunag
lagn1sduiienaluduln 01guszann 8-10 ¥ 31uiu 3 avuduauduan 10 dAusie
a1 MenudnansaelumtagIueanauasaaesiniea 31 1 susiedu Tuushamnsuiuves
Fuiivhmsdalnefiduneunsduiunisdsd
1) [thewanadngnadeaneniiviinisdudinu 10 sendedu Jufinnisiamnly
JYUTORNADN WA LAY BRIINTYINANLUBINAIIUNGS
2) asvvgeuriianazUTunauuasiunaslududnaisaeluusiazdu Juiindeya
uasTunes AngssuA uazANLAsETiny
3) YuiindoyauBinauuasiunalifiny sefuauidene (S1uru 10 wasesiu)
fasanlaensfimuassauanudonevemanandu 4 seau fe
JzAU 0 % vneda Lildmil
AU 5 % nineis dmilievay 5 vedwa
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[y

S¥AU 10 % viuehe denisSesay 10 UaINa

[y v

AU 15 % vuneil i viifevay 15 Y0ia
4) ﬁ’uﬁﬂ%’agaﬁugmmwﬁnﬁ%mm LU gaunad PrtudumS Uiinanie wa
ANNENULTBILALARY YNdUAME naentiansAnwilaglideyaananiingineinia lu
Jwminawan hdeyailiande 2) uisizvimanduiusiutedouinden rdeyaills
AnsimaduUsyansanduiud () uay Ailddyneada (p) serinalssrnsuiasiunes
Aullader1ee muisn1sveiesdu(Pearson’s method) meluswnsu SPSS Version 161agl

LWUNINNTNANTUN ANFUUSEANSANEUNUS (R) LAZTEAUANUEUNUS #9Tl

ANduUsT AV anduWLS (R) STAUVDIAMUTUNUS

0.90 - 1.00 fanuduiusiugesn

0.70 - 0.90 fenuduiusiuluseiug

0.50 - 0.70 Janudunusiulusgauliunan
0.30 -0.50 fanuduusiulusssu

0.00 -0.30 flauduiusiulusssusunn

A3U 1AT9MUNY +- NTFEvdNUSEANS anduRuS avuanTafiAnIae

anuduius Taedinn

R fwdomuieg  wuneds nsilauduiussululuiamadiondu

+ (FuUsvilsiangs Sndvilsaziiengsluse)

R fedeamne - wuneds nsfiemnuduiusiululufienimsetudig 6

wswilsfiengs MuusBndamiaaziianei)
1.4 AnwUszynsvruauuiIgu

nsdTIdsayssnsmueulmdnlualudunvetnymning 91e 8-10 U lu
Jadnawan Inenisdudenaiu 3 @ diausunuaukiENYIsantugeu lngduduas 4
fiet ety 3 gan s11aU 10 Fw/au Tnedduneunisaduniseel

o

1) quaranueunidlussasfinunsszuin asetfunusunuouwidy fng
sysuATnULazANudseiAanMsThaedUnsias 1 e

2) vmstiufindeyauszannsvueuniidufngsssumd wazanudemediny
MABAYIINTANY

3) ﬁuﬁﬂ%’a;&aﬁugmmqﬁnﬂ%m WU gaunqdl AL UENS Uunm
iy wagaueILTBILANLAAENNEUAI naantin1sAny Tngliteyainanidnga
o1 ludminaswar  thdeyaiildainde 2) udieszsimanduiusiutadowindey 1h
%’a;ﬂaﬁléﬁmeﬁmﬁwé’uﬁwﬁméawé’uﬁué (1) wag AvudrAyn19ana (p) 5enINUsLYINg
wuasiunesdudadenieg aulsn1sueilesdu(Pearson’s method) Aalusunsy SPSS
Version 16lasflinasinisfiansan aduussavsanduiug (Ruayseduanudusiug
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naaiusEiiun1svinanevesuauLiIaY

= syerludeu gnsvihaslasdssdudomendel

" yusesdniuduituilutmueandudedduinisinats =100

n yusosdmRuduituily 3 Ty 4 Aadudedidudnisvhane= 75

" wusesdnAuduitudly 1 lu 2 Anduesidudnsiane= 50

n wusesdniuduituiily 1 lu 4 Anduedidudnisyhane=25

1) ndeyanisdrmavszvnsuusuniidilude 1ihdeyadilaiiaszvinel
Fuusvansanduius (r) waz Adedrfyn1eada (p) szuinassmnsvueusiaduiuiless
an1nennd Tude 3 auIsn1sveuiiasdu (Pearson’s method) AaglUsunsu SPSS Version
16 Tnefinainisiansandduussavsanduius (1) warsysuanuduius sl

AnduseAnsanduius (1) FLAUYBIAUAUNUS

0.90 - 1.00 fanuduiusiuain

0.70 - 0.90 fanuduiusiuluseauas

0.50 - 0.70 Tanuduiusiulusgauliunans
0.30 -0.50 famduiusiulusssusi

0.00 -0.30 fanuduiusiuluszdusann

AU 1AL +, - VUNFEVEUUTEANTANAUNUS AzUaNDNRANI9UBIANUEUNUS Tne?
el
a dll = = % o & a = U
r TAT9UUNe pnefe nstanudunusiululunanafenu
o & A a o = a0 )
+ (e UTTUINAEN aﬂmwuwzmmqﬁﬂmﬂ)
r IesenY - Bunede nstanuduiusiululuien1mssiun (67
wUsviladlengs MuUsdndmilaaziiaimi)
2. Anw1USTANSNINVRIN5TUATIUN1SUBINUNIIN NUBULINLAIRY VUaUYaUTU LUAIIY
7199 WATHUBULNIAY TuaNIWEINEISH
2.1 Ys£ansnmeuaenssuistlunisdasnuniaausutanzaiduluaninaiuanse
1) anfiunsAnwluaiudugnvesneninseny 8-10 U ludwminawaridvuinsu

wazAaNYsalatianaii 19UWKUN1IVAGY WUU RCB 1 5 33335 4 91 (4 dustenssuds 19
1 fusagn) lnunuanssuasenge fall

n3suTsN 1 laraesieas0% &ns1 20 addnssienn 20 Ans wigagmeRulty

N3SUTIN 2 vBada ySuaudadngd 80 NFU doUT 20 §nS

N35U357N 3 Paslwsved 991 30 Nadansaaun 20 ans

ASUAST 4 UL UUTY 9M5T 3-5 Dadans

35137 5 yamuay (Wildans)

an A e an A =~ P A a o v 9 9 a 8 o

350387 1 fe n35UsN 4 Anansilvlugiansiifnanvueuangadundigaimefudidu
Uuiindeyanudemeiiinanueulazanu
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2) thifeyafildluiiamzrinnuuusununaziUSsuiiisunnuuaninwosriadsly
usiansuds 10875 DMRT uazdunnlssdnsnmuosnssuisndmisldansadsaninelagld
ansUszAvBa et udsdnnuadianiing (%) =

C,T1-CiT, X 100 (Handerson and Tilton, 1995)
CZTl
C; uay CAnudemeneuuazndinisldasaagaielundasilaifingldas
2uas (IPAIUAN)
T, uay T, Anandemedeuazvdanisldansadsaninelundasifingldansen
wuad

3) Guiindeyagumail AuTuduims wazduaniily aaendiansany
2.2 UszanSnameaenssuis lunistdasnunianvuausaululuaningiuansea

1) adunisAnwluaiudugnuednuninseny 8-10 ¥ ludwminaswaindvuinsu
wagANuaNyIaladaNeiu 1UHUNTVARBY WUU RCB 41 6053375 4 91 (4 Ausienssuds 19
1 AURBY) NOUAANUANTULLAY 59T UINUIULenepudl (Tluseusdratley 4 Tusauan)
JUANINUIULDALULAAZ AL WALHTIVEBUNNTYINAEVIMUBUTIULUAY tneRndwaafnadwna
dmsugendunignyianelaeivuanssusene fall

NSTASN 1 asanmanudnazianlne aza 0.1% AMUTLTUY 5 TadanS/AnS
N35UI07 2 ©1gu 9m51 600 NSusivIn 20 dns

N550359 3 UnsuTImsaeu 83.9%FEC ANUNTU 2.50 Nadans/ans
n551359 4 3eleatn 10% SCAMUINTY 0.4 LAAANS/ARS

N3suTsN 5 langedu 5% EC anududu 0.25 Iadans/ans

351357 6 yamuau (Lildans)

2) Wienulugaugnyianeiiu 20%vinaanuansynduani@anudiuius a3y Judin
uueNudsmennundldasyn 7 Juluusiagnssudsseauanudemevedly lnvdusuay
4 Nd fEay 3 899 31U 10 AU/E9U NI1SAUNLAENISUSTEUAIYEIIATLALANUATEAUAITY
LEUMUNNUTDYFIUANANY H9Td

" szeglugeu gnishanglaguseillusigangnieall
U a < d‘l’ e 5 a < & @ '3 )
" qyusaginnuduNunlunsus AUl asEuRn1svinats =100
B pysesnnnudunuily 3 Tu 4 Aaduesidudnisvinane= 75
B pysesnmnuduiuily 1 Tu 2 Aaduasidunnisyinane= 50
B pysesnnnuduiunly 1 Tu 4 Aadulasidunnisyinane=25
o w A a & ~ ~ | | A
3) hdeyanlaluinsgianuulsuniuiasilssuiisuanuunniisvesa ity
1 aa aa o a a ada U v 5 v %
wiazn3suIs 1neds DMRTLaAWInUTEANSAMURInssudsnansidarsnsigavinelagldy
ans
Y v
Use NS MY INAIRANUATIGAMNY (%) = CT-CiT, X 100 (Handerson and Tilton, 1995)
CoTy
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C, waw Carudemeneuuasndinisliasadgareluntasilifinnsldans
2uas (IPAIUAN)

T, uaz T, anudemedeunazvdansliasadaaieluuasifingldasa
RGN

0) tufindoyagamadl AuTudnivg uasUiinatheu saeatisnsfinu
2.3 YszansSamuesnssuislunisteenunanuuasiunasludninauanse
1) dfiunisAneluatudugnvesnuasnslvinananuaieny 8-10 U ludwmin
awanifvuedutazawanysalainanefu Ineguidendudugnluszozeenaen naseu (e
WULLATUNDISEUININNAT 1HADRUSN) 119uNUNISVAGeY WUU RCB il 7055033 4 91 (4
Fusonssads 14 1 dusesn) lnermuanssudsane fail
N55URT 1 ansafnanna ems1 50-70 aaansdetin 20 ans
N55URT 2 ansafmannwdnasianlng aza 0.5% sns11008iadansden 20 ans
35357 3 Ulnsideuesd( 83.9% EC ) 8751 50-100 fadansaerh 20 ans
NS5URT 4 ezuwnRu 1.8%EC §as1 15-20 fadansderi 20 ans
N55UR7 5 Anslusuuny 20% EC 8m51 40 fadanseieri 20 ans
N55157 6 BianlAaln 10% SC 8m51 10 fadansrern 20 Ans
nsiAse 7 geeauau (aldans)
2) fufiunsdanuvdeldanssneg aunssudsiidvuaieurszzeannanyn 7 Ju
Juisszenfiuien (n35u357 1-6)
3) ﬁuﬁﬂeﬁa;ﬂaﬂ‘%mmuuaﬁummﬁwu JEAUANUELINEY ALAINRA ANULINTFIU
LaENaARME ISR

3.1) AUAINNIINEAMN Lakn vuianadavuIadusiaugnatwg lduseuls
dhvtiwa wazaumrunEen Tneldiesesduarnediossiuanuidemevewanan (§1uu
5 wasory) isanlagga1nsessesni1syianganuuas lngn1siudiuiusesgauuiing (3n
HoNg)

3.2) tufindoyauunauuasiunaliiiny Srurunusuiinig sefuanudene
FEAUANULEYMEYINANER (I1UIU 10 HaRBAU) NIITUILALAISAINUATLAUAINNLIELNNY
vowanandu 4 sedu fe

S¥AU 0 % nnede laifimnd

LAV 5 % wnnedy A nilsevas 5 vena
3%V 10 % M8 denilsevay 10 VoINa
SEAU 15 % U8 daviisovay 15 vasna

3.3) YrdeyaiililuiinizinnunususiunaziiSsuiisuanuunndises
Aadslunraznssuds Tne3s DMRT

3.4) Tuiingaungil AT LTS USUNaIt Y LaYAINLENIUNUYD LAY Laae

WAEARISITUANNY AABAYIINTANY
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2.4 Yszansanaaanssuislunisdasnunndnnuaunniduluaninauanse
1) AdunsAnuluaiudugn onguszana 8-10 Y Tudminawan Advuindu
LLazmmamyiaiaﬁ%amaﬁ’u MIUHLNNSNARBY WUU RCB 31 6 n551133 4 91 (4 dusionssus 1
Fu o) Tnemuanssuianngeg feil
N55UAER 1 ansadmennwanazianlne aza 0.5% $951100 fadans Aot 20 Ans
NIBAEA 2 uBada yEuaudasna 80 n3u sor 20 Ans
N5513%7 3 BialAadn 10 % SL. 8m91 10 fadanssetn 20 ans
NS5URT 4 Andui3a 85% WP w31 60 niudeti 20 Ans
N55Us7 5 wslvia w31 200 nduseti 20 Ans (1%)
n59U357 6 wlanUSeuidiou (lldans)
MeNIRAsT 1-6 wavansdulu 3 Gadans sevn 20 Ans
2) lewulugougninanewiu 200%vhmsdamunnduami@anusiuius ada) Tudin
Sruenudemeiinundsldasyn 7 fluusaznsniSseduanuidemevestu Tnoduiuas
4 9@ Airiag 3 gan 319U 10 AU/aIU NATULANISUSEIIUAILEEALAE AU UATEAUAINY
Fomenusessiviiiny s
= syerludeu gmsvihmelasUssdusemenidll
" yusosdmiufuiuilutmuaAndudesdudnisyiaty =100
n gusosdmiuduituiily 3 u 4 Aadudesidudnisvhane= 75
n qusesmtuduituiily 1 1y 2 Andueddudnisyihane= 50
" yusosdmiuduiudly 1 1w 4 Aaduesidudnisvihane=25
3) hifeyaildluinmzianuulsunusasiUiouiisuanuuaninavesdiadely
uiaznssuds 1ne3s DMRTUAEAINUsEANEnmvaInssuisndsnisldansaisaniielasld
qmi‘diz?ﬁ/l%,ﬂmsuaqmwﬁqamw'uﬂ%gaqmﬁw (%) =
C,T1-CiT2 X 100 (Handerson and Tilton, 1995)
T Gh
C, way szmL?iamafiaul,l,awé’mWST%aWiﬂ%gqqﬂﬁﬂEfluLLUaaﬁhJﬁﬂ'ﬁH’aﬁ
9189 (YnAUAN)
T, uae T, Anademedeusasndinisléansadsanineludasifinsldansan
IRGE
4) Juiintoyagamnd ALALELTIE wasUSinaiily naentienisAne
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2.3 Tasennsgenil 3 nswdgidvlauaznisiauvesraduaniivunzaudanisiiuiien
meldanmaiienniaiiuandneiy
VBULUAYBIIATINITIRY

1. 3puaznpansnsisiquivlanasmsinunvemadugnluszos iz ausdenisiiu
Ao Tuszenifoudl 5, 6, 7, 8 uay 9 \ivdeyadudiviinug, dminden, dwidnide, &u
FOUN LEURAUENaN warAUVITELUFeN

2. FnwinmaesgivlawasmsiamnvemanunmssHadugnaeldanmadenniad
uananaiy nsveasslutisszezinanisesnneniinya uagiiuifeinandn 2 929 (Fuduas
naned)

3. JouazvnaeinunmuenaluszEzFoud 5, 6, 7, 8 uaz 9 WU TSS, TA vaanaly
5202699 Yosdugn tethinimunszagnamaAuAsmaiivnzaudely

Bnsanliunsive wazaauiivitnisnaasyinudoeya
ATANEINITIATYLAUIALAZ A THAIUIVOINAN 18 TANINLINADUTILANATNAU 27
WNUNITYIAADILUU Factorial in Completely Randomized Design (CRD) Usenausig 2 Uade
Pt
1) nMstasgyLAulakaznIIimuIYeINEG 5 538 (5, 6, 7, 8 Way 9 Lhou)
2) 919n1598NADN ARNEA LazliuNeINanan 2 129 Ao Auluaznaisd vinisnaass
U 5 91 Jdmaaeaniavun 10 dwmaaod Al
Y o
AU
udeadienalieny 5 ey
2 44' a e
uineIllenaileny 6 e
2 d' a &
NuineIllenailony 7 ey
Suieadienaiiony 8 Loy

O B~ WO N =

2 d' a &
. Lﬂ‘ULﬂfJ']LlIaNall@qq 9 L1ADU

< A = = -
iNuinegdlienaileny 5 ey

2 A = = -
iuingdlienaiieny 6 ey
Suigdlenalieny 7 e

2 A = = -
Nuineglienaileny 8 ey

A W N -

2 ::4' a &
. Lﬂ'ULﬂEJ'JLlIE]NalI@Wq 9 L1ADU

(@]

maiudeyanazlinsginunmueinauariuiinnsiasaivlaveswa  viveasuiy
svpznan 2 U il
1. miﬁwmmmmaﬁtﬁwaﬁmq 5,6, 7,8 uag 9 AU
1.1 thwinea (n$a)
1.2 dhwiniden (nda)
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1.3 Ywinuile (n%)
1.4 1@UTOUN (93.)
1.5 (durnAugnan (wa.)
1.6 ANURUITOUUFDN (23l.)
2. @mmwsuaqwaﬁtﬁumaﬁmq 5,6, 7,8 uag 9 Liou
2.1 yeaudaftazanenild (T5s)
2.2 Wosdudnsadilasnsmle (% TA)

3. annwindenluseninenmeass Wi Usinauaaniglunseiy YSunanhe Ans
seivevaei 18

NFIATINVBLYAMULHUNITNAREY Factorial in CRD wazlUSeuiisuaaaelngls
DMRT laglglusunsy R
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2.4 Tnseamsgesil 4 nsdanssinemnsivanzausenisiesyiulanazauawHanan
LRRGHET
VBULUAYBIIATINITIRY
nfedliunmsfinvmavesnisianissinemsiiviimangaudeniaadyivinuas
AunmHaNAnYesdLn luanwmuveunwasnsfiasiasladislasnsia onslddeonisiu
“Lwﬂumuammmimamamtm mmiﬂmLaaﬂmuamﬂmuummamiaﬂﬂammﬂu AU R
G]LLaiﬂ‘H’WILM&J’WuﬁﬁJVI\‘iﬂ’mﬂ’]i‘-ﬂﬂﬂ’]Sﬂu n3dnmssInems madanisn M3dansiiy (N3
fiausana wag nssjy) n1sdnnissnulsauazuaas srudannsdammdsnsiAuien welwls
wananTiTannm dmsulefiunldvinsmeass fe Jeduvid Moaen) Joduviidnsd uay
Jowadl osanuiildannisiseannsahuldifutuimeiauinsdansaulaomeuns
THunnunsnsgugndugniludsuldlunisudndugn Wumsifinuszansawnisudndugn
pRDAIUNTIANITNINEINTAULAT iveE 9 Ey

nssniueuideuazanuiinnimeasyifiudeya
1. MIIUHUNITNAADS

fnidenaudugnueanumsnsiiasinsla (farmer candidate) Lileiin9dy Tneidon
mmmuwmuamnmmwiumm 57 U uazdlauanugaliulndifesiu umiﬂgumumﬂmm
wanzauesumsiamsi msdanissmes n1sdanisin msdansiiy (M3finuseAs
uay 3av) msdanssnulsauaziaas Sudssdnnimdniniuifen

wsududmiummaass lnsdaudsimdafuifomanan 1aumunsnaassLUUdsly
Uﬁaﬂaﬂ’mamumj (Randomlzed Complete Block Design : RCBD) & 5 6291;1‘] ay 1 au
Usenoude 5 Amaaos dadl

(1) Aevnaesil 1 (T1) : WionaASnsveanumsns

(2) Amnaosd 2 (T2) : lioaTwilswesiBnsveanumins

(3) Aavinaesil 3 (T3) : lopummTinneiau

(a) Apaosdi 4 (T4) : WeBuv3d (oasn) 50 nn./fu

(5) Aavinaeadl 5 (T5) : 1HeBuviddnisdn 50 nn./du
2. MINUAIBEIS MIWATIZREIBE1N waz nstufindaya

2.1 feeedu

FuRuuinaildleldfmnarmsmiuvesdugnduay 4 9a udnhAunAgnTIiY

Wiaduiunuvesiu (composite sample) 1 faeg13 InewfuRufiseiuainudn 2 szdv fe
AIWAN 0-15 uaz 15-30 iwufiuns iiufodsiu 2 ass fo deulddendusnluseuliniauan
wazvdafuifenandnaisgavinglusoulnisuan sogreduiifuldianiduiisuauuiatn
UAAIEINTE FOUNIUATLATIVUIALFUHIUANENA1S 2 13, wazilUInUfATenau (pH) fae
wiesfitonfinas (Fu : 1n = 1: 5) BunieinglaeiBaodaiad-uuan (Walkley and Black
method) WeaneSaiiduusslowd (available phosphorus) Salagainnudetineatausen

Y

(Bray Il) 1luusudeqe3sludauatuug (molybdenum blue method) kaainA1meiaseid
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Waaunlnslwiniimes Inuna@oufinaniudsuls (exchangeable potassium) Talasainnu
fgasaratukaululenas@ing (ammonium acetate) oy 7 Wnluinmeasaananlnly
a ¢ a N a a a v . . )
1me3 wAaen wazuuni@euniianiduule (exchangeable calcium and magnesium) 16
peLAIataznauintaurautuannsininilwes @y, 2547)
2.2 fegadeduvsduazdedunignis
o w ' H a a e s oa a6 P awv = a v a
megnleduniduardedunsdgnismntdlunsiTeunnsdunsuauwisadin ua
Melnse TouUAUN TR UNIUANENA1N 2 1y, wasdlUInUfAseAY (pH) FaeiATesdl
Yiwes (AU : 11 = 1: 5) Bunseinglagisiedaad-uuan (Walkley and Black method)
WeaneSaiduuselowy (available phosphorus) Talawannfusieureanniusdy (Bray 1)
UluudmeTsluauAtuug (molybdenum blue methodudyindmeiaseididaaiuning
lndiwes Inunadouiuaniuasula (exchangeable potassium) Inlagainaunisasazals
~ = . P ° o v = a ¢
waululley aEdwmm (ammonium acetate) MWvaw 7 UlUuTnnluasasnanlWliniines
wAaLdeu wasuundi@eunnaniudsula (exchangeable calcium and magnesium) Tadae
\AsageznauiinwaurautuaUnInsvindiwmes (3 wdu, 2547)
2.3 fegdludugn
ushegsludugniuieniuiivnsspadusindug  aeiuluainfsiieguanms
| & a av 1a Y] A ' | v a = = o
iy 1 ufanlifona uay diliflvandouvedluyalvdunnaenunlviiu lulleny 3-4 e Falu
Ay ) 2 a X, PP a & @ 2
srggNdunuLANT (fully mature leaf) Tulussevilaslidgemialuiluiu mneessueily
waaialuagneunszeng dauluifengesniniidulumaaialusziidgideseu v way dou
' = P f ° oA = ) < a & a & b
yu inuluiiegludiunuad 3 w39 4 Tuainuangeen laginuluann 4 fia Ae Ammile 1a
aviueen way nyiunn veamsanudugn weniiudmegnsluly 3 szAuanugavesiu fe szu
A9 FEAUNANT BAY SEHUVUINEIRY wad1u15udu 1 §29819 (@UAnA, 2557; Embleton
et. al, 1978; Change et. al, 1994' Reuter and Robinson. 1997; Obreza et al, 1999;
Kallsen, 2002) Liusagnslu 3 A% e ﬂauiaﬂs TzY¥RNNDN LLavmaqmummmamam 11
Freg1sluiAulgludametiazen 3-0 adaasdedneninduegiaios 2 ata Suiilvuia
Lmel‘U‘Uiiaﬂ,umﬂiwmuﬂﬂawqmmu 65-70 WALt ed pg1etias 48 $2lae wse
AUNTLNIADE1 T UM NAIN UNFg 19 uIakalllunauazdenlngltASaIUmALUU
Hammer mill #58 191A309Un1M15wId walunlugnenlansadaiasn wazlalasauuas
panlym nduIslUIeseRlulnsaulneisnisnauy nsieineanasanieiSiwalaludule
MNiulaneansn (yellow molybdovanadophosphoric acid method) wagunluinaieiaiog
Fddaaninsinlndiwes(visible spectrophotometer) Aasizilnunadsulasuiluinge
A a & ° ) ~ A A Y A
w3ouvlanlnlvdimes(flame photometer) dwsulpaildoy wazuunili@on Tnaiatotoznou
finuoureutuainlnsiwindimes (atomic absorption spectrophotometer) (3118w, 2547)
2.4 MasyAulavasdugn udeya il
1) Mswantuyalyy szegnauanlulydaudsluun
2) Usunalulva v5e wWasidudanisuanlulusesy
3) Iwugaluiiassluineunisesnaen
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4) Awanysalvedlu (Ve : 039 x 817)
5) Wesi@udniseenaen Juiiniesidusiniseennenvesdugn Inewumsamues
1% v 1 % I~ I 6 @@ 6
AUduInNUAazaURDNUU 4 @1 9 ag 25 lWosltun
2.5 HaNANHUN
< P aa ] | = o = & a I
Wuradugnifengnansue 6.5-7 weundwnenuiudalussezimunzanlunisiiu
WNEINAFNIN (Yeyvue kazany, 2557) lngsadunanandieggniausn (funeennenyseuiu
WeounuauskasNUNandnUsERaufoudsnaL-ug1eu) N1InAMNNKANER Al
1) dnuaign19n1enInvena Anwikazduiindeyanisideundasvomaly
anwawsen fie Umtnaaan lslugudnatsweana Wmtnile dwiniuden wag AU
YaaUann
2) ANYUENNLATIYDING H1FI98 NHAFUNUINLBNIAUUILAINTBINIUAIVIIUI
PrinisulauTnUsuInsiice Usunauuesudsnazatevilavianun (total soluble solid, TSS)
Tngldsunsalniines (hand refractometer) Usunauvesnsaflniasnla (titratable acidity, TA)
Tnensnmsameaisazarslaneulansenlenminustudy 0.1 TJuans kagAuIamUSUIUes
nanluguesidusinsndvsn auisnn3ves Boland (1995) Asil
NsATNSN (Wasdus) = {(a x b) 0.064 x 100}/m
44' a a & A aa
e a = Usuwsvesasazanglaneulansentonfldlnmsy @adans)
b = mnuuduYesansazanelaieulansanlas Quans)
m = USU1950091AUNtNNNIAIEY (Haaans)
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2.5 Insan1seondl 5 nswandudugnivasalsadremaluladirnmuaziumianiseying
Wugdugn
VBULYAVBILATINITITY

yhmsnandudugniivaealsadismamneidsaieiboiydusen lnsfnvisdauay
sedumnududuresasmugumasyduladensuasdudugnanmamedsaiedena
dugeauazmsidsusenluvasannass Anvivdavesersiivanzausonisifinuunaeen
21 Anwseiuananduturesasmuaunseigdulawesisnmsivanzalunsinien
nseuwIafundduan nseaeunislasnitelsaiididyvesiuduanilldannismisides
deiBeiainydinnen femaila PCR/ELISA uazvhniafiusnwiusdugnidluanimuasaite
waganInwlas
Fnseuiun1side wazanuivinnmessyiiudaya
1. fiusaunusuiuguaziudnvosiivnszady

Tnevhmaiiusunsduiufugn wewdnannistenavesiivnszgadunisluiiui
Ugnvideuvasdmineiiterhsnldlunsmeaaes
2. mawsentudRndelflunsmasos

Tngnidudiusonuaziufavosdugnindrsiiethay waswonsdofiindoueanesed
Aty 70% Wua 30 3undt anudreeendietnduiidsindouda 3 ads audae
Toeilalumanlafinnududu 20% wWuasiuly viu-20 $wau 2 e/ 100 Sadans Wy
nan 15 witmudslsdeulalunaslsiamnududu 10% Hunar 5 unit edredinduilee
o 3 a¥s Beduneuiifesingluginedos
3. MINARBY

3.1 mandnlaausiudugnituasslsannmanzdesdedeiaiydiusen

msnaaesil 3.1.1 Anvvdauazszduanduiuresansmugunnasyivlase
nswAnfudigniiusenlsn Mnnsnzdsaiodeniydmeen
ihuasenndnusiienanzideelsiydiuseninnudsueimsgns M

WWis BAP/BA 59ufiu NAA/TU Adudiudu 0-3 Jadnsu/ans Lamﬁﬂmasﬂma 3 1Wesidud Usu
anudunsasiadu 5.7 uaziu Agar- Agar 0.75 Wosifud Tweiidefiaudu 1.05 Alansude
asruRiues Wunan 15 uiil mﬂuuuﬁlmmammmmu 27+1 samaided Tikas 14
Hlusietu ananduuas 25 lulasTua/maauns/Aud Wetniueada uaznninfivdulyl
yhnstreidemnitewduna 3 dou Tastufinesfduinisadaunada sunveaunada
wazitvauln Wiguinguiiluusvilauazseauaududuresarsniununisiasgiiule lag
MUHUNISNAABILUY Completely Randomized Design (CRD) wW3suiisuanadslngis
Duncan’s multiple range test (DMRT) Wiz Amaaewwh 10 6??’16‘] 8y 1 v (Mﬁﬂﬁuaﬂl,wwmga\‘i
1 Fud) Tng
Wesduinisasueada = ﬁﬂuau%udauﬁ%ﬁaiwul,ﬂaaa x 100

=
Y

ST UAIUTT AT A
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Wosidudnmaadiefiwiulml = Sunndudndinfiadeiindulnd x 100
TUIUTUATUNIVIUATLIN L F

Msvaaesd 3.1.2 Anwimsidsusenuudunslunasnnnaed

dnudnuifaudnag119iosuueInsgns MS AUs1AaIna1sAIuaNnIg
syl Lamﬁﬂmaﬁgﬂma 3 1Wesud Usuanulunsaanadu 5.7 wazdu Agar-Agar 0.75
Wosidud dusdeiierudu 1.05 Alansusemaasufiuns Wunat 15 wit anduirluns
Aeosfigauund 27+1 esmiwaidea THuas 14 alusdetu auiduuas 25 lulaslua/misns
wAs/Aud etmirdund iedundnieny 1-3 ey Jsldidusunedmiunimaass Taeih

FudinenanMsAneIil 3.1.1 widauiudndsuuuiune duiinesiduinnsseniinves
goaldsuuusdune Wisuiflsuiiluusazeoguesiunedlilunaideuyon 1aunuMINAaes
WUU CRD WisuiilsuAadslngds DVMRT urazdmaaewin 10 919 as 1 van (nilswan
wnzides 1 fud)

Msnaaesil 3.1.3 Anviwdinvesemsiimvangausenisifin Usuaeensinesdy
Intunaenvnnaes

ﬁﬂ%ufhuaammLWﬂngawummiqm MS Fauvseanidu 3 sfiafe a1visuds
ownsfudsianan uazemnavan WnasmuaNnseIyRUlTATga NS ANYIR 3.1.1
Mnduiliimnedssfigungil 2741 ssmwaidea Tiuas 14 Falusietu aruduuas 25 lu
Tnslua/manauns/Aund redsmnidewdungm 3 Wou tufinefidudainesonsau Sumu
gonsetudu Wisuiflouiiluuduiinvesonms Ineaneurun1smaasuy CRD wWisuiitey
Aadelngds DMRT usazdmaaewih 10 619 az 1 van Milwammzdes 1 Sudan)

mManaaedil 3.1.4 AnwsziuanuituduvesasmugumnasyAulanagsnsi
winzadlunistnihsnvesuduanluvaoannaes

ﬁﬂ%uaiauﬂamma'mL‘gawummiqm MS 1@y NAA ANuLuTy 0-3 fiadnsuse
A0 Wnwagliifunsd 0.29% lasdtnsasiavdeldadaunanniuilumnefesiigumg
27+1 samwaidea Wuas 14 Falussety annuduuas 25 lulasTua/msauns/Aund de
L?:wqmﬁaulﬂunm 3 \iou Jufinnisifiuesidusnsiingn Suausndedudiu Tneans
LHUNISNARBILUY Factorial in CRD wW3suifisudiadelne3s DMRT udazdanaassyii 10
$19 8 1 990 (ilwammzdes 1 Judw)

3.2 mimnaaumsﬂaamL%amaaﬁuﬁu@ﬂﬁlﬁmﬂmitfwwzLgaaLﬁaLﬁaL%%mﬁaasamLLag

nsdeueenlurasannasiniematia PCR/ELISA

wadia PCR Insnisafniiduionndunaidluvesdugniildainnismizies
dedewsydvsen/nsdsusenlunasnnnasiniuisnisiidaulasnein Dellaparta waw
Ay (1983) vhnsifiudSunas 165 rRNA gene ¥990 Candidatus Liberibacter asiaticus Tng
3% PCR a8 forward primer (57 GCGCGTATGCAATACGAGCGGCA 3°) Wag reverse primer
(5" GCCTCGCGACTTCGCAACCCAT 3’) (Jagoueix hazAmy, 1994) a1sazatsusunaisiu 25
TalAsAns Useneudnesad 10 x PCR buffer 2.5 lilasans, 15 fadluans MgCL2 2.5 lulpsans
, 2.5 daaluas dNTP 2.5 lulasdns Tag DNA polymerase (Invitrogen) 0.25 lulasans, 0.5
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lmiﬂﬂmms primer 0.7 lulasans, DNA dunuu 2 lulasdns Lmuuﬂ‘wmu 25 lulasans
Mndutidiaies PCR mumaumimﬂgmmﬂa initial denaturation figaunadl 94 93A1"
walled U1l 5 W19l denaturation iguugil 94 samnvaLdoa Ul 1 U7 annealing 7

‘U
&

9aunAd 55 BaMALTYA WU 30 TUT LarTUABY extension 72 BIANYALTYE WU 1 U
30 AU Lﬁ‘aéuﬁj@‘dﬁﬁ%ﬁ M319@0UN875 gel electrophoresis Ul 1.5% agarose gel
(Sdoodee Hazauz, 1999)

y3ewaiia ELISA n1aAEnsves fiumn (2556) Tasthdudnluvesdugnitldan
mmwwm?ﬁymmﬁaL?ial,ﬁﬁﬁga'waam/mﬂﬁﬁluaavﬂ,waawmaaamﬁwmmazmmﬁmL@’]LawwLﬁu
nansludnifusazunly coating buffer sasndau 1:10 (daiie: Tmes) elnsedwunns
ududefigauugil -20 ssrwaldua veamandilalanasnvunn 1.5 fadans dilutumiesd
7000 seusiawndl urw 5 Wil gadlansuuuldlululaswanvavas 200 lulasdng degreae
2 ngu Antutaiigunad 4 ssmwaiBoa Wunan 16 $9lus wvoananiis &g PBS-T 5
adaqay 3 w1t 1d BSA 2% (blocking solution) waua 200 Tulasans Unluuufiguugd 37
psmwadoa Wuman 1 $alus Asuudrdranilouduneunsn arniuld CTv-antiserum (1gG)
udu 2 llasndusiofiaddng vauas 200 lulasang Wiluvuuazdranilontunouusn tu
noluld GAR-AP (goat antirabbit-alkaline phosphatase conjugate) LN 1:4000 asluly
Tasinan nquag 200 lulasans vuwazdraniloutunouiinium aanduidy substrate (p-
nitrophenyl phosphate) flazanelu substrate buffer $n31 1 fiadnsusetulwles 1 fadans
vauaz 200 lulasans vald 1 $alua 71 37 osmwaiBea neaujiselaonisiduaisazans 3
M NaOH (stopping reaction solution) tnalus ua1vesdfiiintudaein3os ELISA reader
Tngldnauuas 405 wluins
4. mseyuasuduanildanmamedsaileibouasuuamenseysng

ihéunddunlldnnmameidsandsiuoonuazudentus udldlugans/

nsrae Wildeyuialulsaoumnizd Juiinnssentinuaznisiasaiiulavesiunaiduan
wissnvengliiuinunsnsuaztludgnuasiivnantuidasian
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2.6 1a5an138087 6 anwaEN1eEITIneIUNUsEnTvasdugnuusunanynsznadu 5 ¥in
VBULIAYRILATINTIRY

Jumsfinwmsiasgiiulasasnisiaunluseulvesdugnuusunedusiswiindulae
naduseauarihisiusilulgnlunlannunsnsiuifminamanfudeganisadyduls
wagiialusoud
Fnseudiun1side wazanuivinnmessyiiudaya

TUHUNIINAGBLUUNANYTal (Complete Randomized Design : CRD) lngAnidan
dunedusvialduanzunuzunaedulozvinuasdugildnnmamemdaidefundoy
5-6 ieuiAsTLgANND Y5 WeuTUIAEUUAUENA1IANENIUTTINAI10 WwuRnRTiang-5
AuseAwUULABUAY (cleft grafting) Lﬁu%’ﬂmmm%ﬂmﬁﬁuﬁLﬁauﬁﬂﬂuqawmaﬁfﬂ,a
yulngsinuingaliituanslufisunsauas70% un3o Juiniesnangadeuanlunszans
wanafndaun12 i

nmswutuiindaya
APRHGALY
Wurugudnasiumilaatlisessie
ANE1IA
uly
iy

A T o

vhweinluan/dmdnluus
nMsneassdl 5 Amaasd 5 91

Aunodule

AUNDULUIIAINY

AUNDEUY

AUNDULEI

D
anb

A NS .

1ULVIA
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A7UNaN1IALTNIULATINTIRY

WNL9IUITE 1509 “MTITekasTauNduniiieaysnYiugi e udwminasvan”
1952U5230HaN15ANTUINUYR9LATINITIVE g e wAazlATINITANETALNUIUITY 919 6 TATINS

agUlaneduay sl

3.1 Tasen1sgaei 1 n1sAnwiUadendnasianisunsszuinvadlsanviianAysanisnandu

qn Citrus reticulate Blanco wazwuanislunisdasiuiidalsn

o/

[ a o
nnUseaenvadlaTen1sivy
1. AN¥1518a2YAVRILTA VIANUNITLAALSA ANWUEDINITVDILTA NITHNTTEUIALAY

ANNTULSE AaBnIuNTsReliiAnAUEsMevedlsAuLdNgnluLmasUgn

[ 1 a

2. AnwnansenuveansiialsaidAsonananduqn

o

]

3. AnwAnuduiusnsiialsandAyivaniwenANUAsuLUaS
4. AnwUssAnsnmvasansieliansinliuazieufUnyiiinasanisaiunuieainglse

r-ﬂl < [y [y Ao o ¥
LW@L‘UULLU’JVW\?IUWWW@JH']ﬂ’]iﬁ]@ﬂ'ﬁiiﬂﬂﬁ’]ﬂﬁpﬂ@ﬂﬁmﬁlﬂ

NANTISALUIIUIATINISAAY

N15ANYINITUNITTUIAAMUFUNUSTENINENINUINGOUAUTEAUAIIUTULTIVDILA
d1ftyvesduyn 2 fudl Al 1) Mufideinaswan uay 2) MufidminuasaSsssusy wuseduns
\Anlsaarlainunisseuinvedlsadidy wudt nsiinlsauasnes nuilesinsldduneiidu
uzunviodudulovznulsauaunoiidune uilinunsiialsaununesidudugn @adu
Wesiuanisiinlsa 8.57 wWasdud) lsasnuiilaw wud fdnwazvedlsasiniinlaui
Tuflufiugndugn fdnwaurnmvielauduiivinaffuddeniindudina wWisnvaadou
@Eaduofidudniainlsnveaunuasit 2 windu 2.86 uazuUasdl 3 Wiy 5.71 1Wesldud
uddU) mainlsaniudls / lsavamgivesdu wuldmnduvesduan Eeiduefidudnng
Anlsa 100 Wesidud) udlsaluniiinainuinsindained vseenaiinainuaeanwnsiuiu
desainnsviasmemisussn WuamanisiviliiAnenislsadulnsuvesdugn uaslse
s Anldsunly As uaska nuuau vieyedendesdiunaguoy Eaduledidus
nsiAnlsavednUasdl 1 i1y 100.00 uUasil 3 1M1AU 10.00 uazulasil 4 iy 42.86
Wosidud muansiu)

MnmafuTsdeamglsenndugnluiiuiivgndugnainmsdmalseduluudas
Ugndugn s1nedzus dminawan wulsasnuilauii dudugniiugnazuansennislsals
Fuldeearutauinalausuniofuiisestidnir warilonadimadulye Weaenfaden
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awnuusainBudhidiheaduneudeiuasunandniuaesanielugdu sudugniu
AU afmmiu,smL%ammammiﬁwummméaﬂqﬂ ‘W‘U’J"lL%@ﬁ’lL‘VTGﬁJENIiﬂa’mJ’]iﬂL‘\]%iyLaUIW
lauuemis PDA TalafliSeyfinaiueimisidiian 5-7 Ju anwusidulounsdviiuieg @ulely
fndsiu ndnvasduguinerdawnsoduuniavendoanglsanniiuaslauvesdu
annuinAnNTas Phytophthora parasitica uassoesdugniluansennislsanaunesi
\An1nidie Xanthomonas axonopodis pv. citri wuin maislsauasnesnudlesimslidune
Adunsunuiedudulosznulsauaunesidune Suihdegrukendeuuems NA wudd
{8 X. axonopodis pv. citri é’ﬂ‘wmwaaL%ammaimﬁiﬂiaﬁﬁﬁmﬁm naw yu Avseuldudu
wazvouiou liladeaved Weaunsaiyuuomsidegneings nelunan 24 Falus e
Bnde X axonopodis pv. citri A89Uu81M13 Modified medium for X, campestris pv.
phoseoli (M-MXP) fdnwauzlalafidindeseou nay yu Anseuiduliu wasveuieu luads
auos L%ammamﬁﬁguummﬂﬂuLam 2-4 74 WAYUUBINIT Modified Wakimoto’ s
medium (M-PPA) Sidnunilalaffindosdou nau yu AuFouduiuiy uazveuidou luass
avesileannsandyuemaduaa 2.4 Su

n1snsIvdeulsAnsamgIvesduqn (Citrus Tristeza Virus wudn drulngiidnwue
onslumalusidordretvenisisaniuis devhnisnsaraeuiudunmsdhaisresde
Fglwswedsune nuit nan1snswaeulnsweshiaunsedunseitundadaeils wanein
lLifimsAnlsavsandwesdunanmaifuseidunaaiaildnievdsminnmsailada RNA
LazdauAsEians cDNA Sai cDNA Ailgunidu Template tieldlunsasaiagouids CTV #e
Insiwefifanudunziazasgatuidelfa c1v lunsnsaaeuluaieilliglnsmesiiia
ﬂ%mﬂm%umamﬁm%‘iudawm@uﬁaﬁmymﬂ (cp gene (coat protein) wa4la5a CTV waznIs
msmaaw’?‘?ammaiiﬂﬂ%uﬁa (Greening Disease) WUDINITLNGDY (yellow shoot) W‘U‘ﬁlu%mu
Uanewen luiidnvasds TuSendnmaes asnuinnluieflSuuansennisauisne wdan
M3fana wansonsnalldsuduseddliadnanenadvuadnnitund e1nisludrandes
(mosaic and yellow leaf) LLasLﬁaﬁwmﬁmmﬁam%a Candidatus Liberibacter asiaticus
ewaila PCR WinUSua@udau 165 rDNA linuwauiiduevesde Ca. L. asiaticus

Anwiauduiudnnsiinlsafidrdyiuamunimmandndugn fe dnwauzaiguend
souiudenUan wui Srduiiiediivunuarliivuny Tufisusratuag Tausazuansly
uay dnwazuanstsseninsiufiiinuiauaslsifimunuiniing fe (1) duiifmnumseiuuay
naulifivuy ﬁ'qavéﬁﬁu%’ﬂwuhjLLf}iaaﬂéfmﬁﬂ’N uaz (2) suiiivunalvnalvgniudlion &
WaennuRIvgusy muumummﬁumﬂumuava nduveulawzia HaslvuieLdugudnans
6.50-7.00 WwuRiuns twiinra 145-190 n3u enadiusunamaiindasdsudandendud
Wdesgou °ummmwamﬂmuaaﬂmmma@ﬂ Uanenasiumisinantes Waenwaseu LnuNa
nNan Andurausezunad 11 NAU NINaURUILAZIATE?

Snwnizarslunadugniifiuainuvasugnlufiuiisnoazuy fminasman wuid
Snwawnelufigniniudeudnaeniwagneluiitnann enafidimdeseuduuadla dni fisa
yuewUsen TasiamgmnifunaseuissseznagnazyhlnisaTeun fwdetosuszan
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1-5 wansona USinansadilnmsald (TA) wazUSunavesudafiazansls (Aaumu: TSS)

wuin WedduAeudnaneu 811 fanaudunsa TA Wiy 0.60-0.82 Weodidud waze

AU TSS WA 10.0-12.0 Brix dsaunfiesesiisasasuinuin
miu,smLs?jyaagﬁuﬁémﬂé’hashﬂumwuamumL'gmwuwﬂaﬂﬁuaﬂ mmaa“uw m‘mm

aswan ansnuenuuaiFeldiomn 205 lelwian Fudunduiifidaudonn Ssduiifu
shetnanluuasdugniifiengsening 1-10 U wuin wuediSefiusnldanniulgnetsiidiuu

3
[y

U5891nsNTAN WL FUgININGANAIAY 5 NG INNITTILUNNFULUATISEBE 1LY
Y} o a = = A a aA a . 19
MuaNvENIdugIUINeMselalatvesuaiiiFe N3y uue1is NA (Nutrient agar) 16 5
I AW o & oA o ) = oA aa a o
nau fdnwagaail ngui 1 laladduns nay yu fui veusey ngun 2 lalaidun naus du
M YoULSEU Ngul 3 laladdwdesninna susisldudueu fvgussidntes veundn nquil 4
lalaildvny au guseliniueu vauiseu wagnguil 5 laladidv suidhiniueu Baidug
WHEELANIUBINIT 158UTTUINY wastiladaduunyiavesnuailiieujUndaioiugeigg
anwazfldlunisduwundosduliusiunuuwesnageuUfizeveutenu KOH 3 iesidus
] a a a ¢ A A o v = | Y v
wud wuailiseuing 3 leleiandunnsuuin waslatrldondunsudesnislindas
' | Y ' £ =y Y=l P . = a va <
FansIeAyd wud danyargUuuis (rod) deuwadAnduliuves Crystal violet Falnaaudmilu
wnsuwIn waswueiiseuidneg 2 leluanfidusnsuausazidlodrlUdendunsudeanieldndes
L4 ! = ' < | a o 4 = va &
anssad wud JgUsaduviounse Andunsves Safanin-O JllnaaudRduunsuay
UszANSA1Mue9a151AiA1833 poisoning medium 91UU 21 ¥lla WUl @il
Usvandnmlunisdudanisiasayuedtie Phytopthora parasitica 19a9ian fie hexaconazole
thiram ag tridemorph NaUsIN)31 IN1IMadeuUseansnmaisieiiduiauae Phytopthora
parasitica wuindeavalsaldaiuisae3guue1nis PDA nauaisaiinaaeufnduy
Wosiudn1sduginisiasgyidoannelsaminu 94.22 94.22 uag 90.44 Wosidus audnuy
LAz dINUINAITLAL N AE B U azoxystrobin, copper hydroxide, cyproconazole,
dimethomorph waz metalaxyl hifiusz@nsninlun1sdudenisiaieyveside Phytopthora
parasitica AnluUasiduinisdug iy 0.00 0.00 0.00 0.00 waz 0.00 Wasldus (Agn)
puaau Wewssuivdmeassmiuauilildanswdl (control)
Uszdnsnmuasansiniliazwenuaiseu jUnuniiussansnmlunisdudinisasyves
\We Xanthomonas axonopodis pv. citri mmmismmama%éha%% paper-disc d|ffu5|on 1y
ImaWiLﬂuLLauL%LLUﬂmﬁwgﬁﬂwmﬂiuawﬁmw $1uau 9 via wud anseinasifeuuaiise
ﬂgﬁ]ﬂwmuﬂﬁzawﬁﬂﬂwiuﬂﬁmmmﬂﬁzpfuaqma X. axonopodis pv. citri l#Afigafe
ampicilin FAUUTNAUTUSINITTYVDUTOYINAU 1.33 1URLUAT Lﬁam%'amﬁauﬁ’u?mmaaqﬁ
lildarsiaiivay L%@LLUWLT&JUQ%M NITNAADUAILID agar diffusion wui asiniiuazide
ufumLﬁaﬂg‘i“]ﬂwwswawﬁmwiuﬂwsmmmiwimﬁuaaLﬁzja X. axonopodis pv. citri l#Afian
Ao tetracycline FITUTIAUTUTUNIAU 1.12 L9URLUAT WAENITNAAOUAIYTD poisoning
medium WU @sLAdliay L“U’e]LL‘Uﬂ‘VILEEJ‘UQ{jﬂ‘U‘VliJ“LJiu’d‘VIﬁﬂ’1W1UﬂWiENEJ\‘1ﬂ'ﬁLﬁ]i£U“UEJ\1L‘U’e] X,
axonopodis pv. citri 19 @ 9 an A ® copper hydrocxide, copper oxychloride, Bacillus
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amyloliguefacien (KPS46), Paenibacillus pabuli (SW01/4), streptomycin, ampicilin bag
tetracycline #sanduilosiuinisdudaviniu 100 wWesidus
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Y
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Abstract Neck orange (Cifrus reticulate Blanco) is native orange that very popular in southern
of Thailand. It had health benefits and also used in many industries of citrus processing. There
are expansion of the plantation area to increase the production of sufficient to demand of
consumers. The branches are currently not enough to cultivation. This study showed the effect
of benzyladenine (BA) and naphthalene acetic acid (NAA) to develop a new plant of Neck
orange. The seeds of orange were swface sterilized with sodium hypochlorite and culturing on
Murashige and Skoog (MS) medium supplemented with BA (0-2 mg/L) and NAA (0-1 mg/L).
3% sucrose, with and without 0.2% activated charcoal for 6 weeks. The result revealed that MS
free medium (without plant growth regulators) gave the highest percentage of germination
(83.93 percent). The highest of Shoot length (3.17 cm) were obtain from MS medium
containing 0.5 mg/L BA adding activated charcoal. whereas MS medium with 2.0 mg/L BA
gave the highest number of shoot (3.33 shoots/seed) and MS medium with 0.5 mg/L NAA. 0.5
mg/L BA adding activated charcoal gave the highest root length (21.30 cm).

Kevwords: Neck Orange. plant growth regulators. plant regeneration

Introduction

Neck orange (Citrus reticulata Blanco) 1s an economic crop in southern
of Thailand. It 1s very popular in Chana district and another district of Songkhla
province and expanded to other areas such as Yala, Nakhon Si Thammarat and
Chumphon province (Sujit, 2017). Plants propagation of the species has sexual
(seed) and asexual (vegetative plant) such as cuttings, etc., also have tissue
culture that can propagate faster and more. The explants are cultured on sterile
media (synthesis) and controlled environment such as temperature. Parts of the
plant can grow and develop to new complete plantlet (Jantaratin. 2013). The
area of citrus plantation was changed to other economic crops, causing the area

“Corresponding Author: Hansuek. S. ;: Email: sakulrat_s@hotmail.co.th

56



of citrus to decrease until it became extinct, while the market was in high
demand but yield was not enough. The rapid spread of citrus to the death of a
large number of plants until lost from native area by disease virus and greening
bactertum which is a major producer of citrus (George e al.. 2008). Moreover.
plant regeneration by tissue culture methods and genetic transformation has
been shown to be a powerful strategy for cultivar improvement (khan e al..
2009). Thus, this experiment showed an efficient protocol for in vitro plantlet 1s
successful micropropagation or genetic transformation procedure. The plants
have a capacity to generate whole plant from any cell/explant (Perez-Toreroet
al., 2010; Tallon ef al., 2013). It also relates to type of plant growth regulators
(PGRs) such as an auxin and cytokinins ratio to development of the tissue
culture (Te-chato and Nooduang, 2003; Nooduang, 1998; Kaweeta, 1998).
Savita et al. (2011) reported that tissue culture of lemon by seed and then callus
induction from cotyledons on MS medium 2.0 mg/L 2.4-dichlorophenoxy
acetic acid (2,4-D) and 0.75 mg/L benzyladenine (BA) gave the highest callus
induction (83%). Shoot induction on MS supplemented with 3.0 mg/L BA gave
the highest shoot induction (87.50%) and root induction (100%) obtains from
MS supplemented with 2 mg/L. NAA. Plant regeneration of Mexican lime and
Mandarin from stem culture of seedlings on MS medium supplemented with
3.0 mg/L BA and 0.5 mg/L NAA gave the highest shoot induction at 96% and
88%, respectively (Perez and Alejo, 1997). Shawkat and Mirza (2006) reported
that tissue culture from root, leaf, cotyledon and stem of lemon seedlings on
MS medium supplemented with 1.5 mg/LL NAA showed that stem culture gave
the highest callus induction (92%), shoot induction (70%) on MS medium
supplemented with 3.0 mg/L BA and transfer to MS medium supplemented
with 0.5 mg/LL NAA gave the highest root induction (70%). The aims of this
study were to evaluate the possibility of in vifro plant regeneration of neck
orange from seed and effect of plant growth regulator.

Materials and methods

Fruit of neck orange (Citrus reticulate Blanco) were collected from
orchard i Chana district, Songkhla province, Thailand (Fig. 1A). Seeds (Fig.
1B) were washed with under running tap water. The seeds were sterilized by
immersion in 70% ethanol for 30 to 45 seconds and then immersed in 20% of
sodium hypochlorite together withl-2 drops of Tween-20 for 20 minutes,
respectively. The seeds were rinsing 3 times with sterilized distilled water
under laminar air flow. Then cut the seed coat and culture on MS medium
supplemented with various concentrations (0, 0.5, 1.0, 1.5 and 2.0 mg/L) of BA
and (0, 0.5, and 1.0 mg/L) of NAA, 3% sucrose, with and without 0.2%
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activated charcoal. The pH of MS medium was adjusted to 5.7 with 1 N NaOH
or HCI and autoclaved at 121 "C with for 15 min. After that the cultures were
kept under controlled environment at 27+2 "C under a 14-h photoperiod of 25
umol/m’s’ irradiance provided by cool white fluorescent. The emergence of
shoot number and percentage of germination were recorded. The experiment
with factorial in completely randomized design (CRD) with 10 replicates was
performed. Percentage of germination, number of shoot, shoots and root length
were recorded after culturing for 6 weeks. Data were analyzed by ANOVA.
Means were separated by using Duncan’s multiple range tests (DMRT) at the
0.01 of probability. The F-test showed significant differences among means.

i .I N
Figure 1. Charactenstlc of neck orange (Cztms reticulata Blanco) (A) and their
seed (B)

Results

Seeds were placed on MS medium containing BA either alone or
combination with NAA for seed germination. The faster response was recorded
on explant cultured on media supplemented with only BA. After 1 week of
culture, the seed explants swelled after two weeks and adventitious shoots were
developed in all disinfectant. The development of germinated neck orange after
cultured for 6 weeks was showed in Fig. 2.

After cultured for 6 weeks, the results showed that MS medium
without plant growth regulator and activated charcoal gave the highest
percentage of germination at 83.93%, while the addition of activated charcoal
gave the highest germination at 80.08% (Table 1). Media containing only BA
gave the higher germination than BA and NAA combination. Root occurred in
activated charcoal and the characteristics of neck orange germination on MS
free medium with and without activated charcoal showed in fig.3.
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Figure 2. Development of neck orange from seed after culturing on MS free
medium without activated charcoal for 6 weeks (bar = 0.5 cm). A: initiation
culture B: after cultured for 1 week C: after cultured for 2 weeks, D: after
cultured for 3 weeks E: after cultured for 4 weeks F: after cultured for 5
weeks G: after cultured for 6 weeks

Number of shoots, MS medium with 2.0 mg/L. BA gave the highest
number of shoofs (3.33 shoots per seed) (Table 2), while MS medium
containing 2.0 mg/L. BA adding activated charcoal gave the number of shoots
(1.22 shoots per seed). In this study clear that BA at the concentration of 2.0
mg/L gave the affect effecting on number of shoot. Number of shoot occurred
on different various concentration of BA and NAA showed in fig 4.

For shoot length, the grater shoot length were obtain from MS medium
supplemented with 0.5 mg/L. BA adding activated charcoal (3.17 cm.), while
MS free medium and without activated charcoal gave the shoot length (2.88
cm.) (Table 3). Overall, the shoot lengths were greater in treatment adding
activated charcoal than without activated charcoal (Fig. 5). In this result
showed that plant growth regulator combination with activated charcoal gave
the effect on shoot length.

It is clears that the experiment data to MS medium supplemented with
0.5 mg/L BA, 0.5 mg/L NAA and activated charcoal gave the highest root
length (21.30 cm) (Table 4), while the MS medium with 0.5 mg/LL BA and 1.0
mg/L NAA gave the root length (8.22 cm) (Fig. 6). But the increase NAA did
not promote the root length: there were downward trends of 1.46 to 3.61 cm,
and root was more slender. The root obtained from media with activated
charcoal was small and long, besides it appeared that white and healthy. On the
other hand, Media without activated charcoal was big, thick and short.
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Table 1. Germination percentage of neck orange after cultured on MS medium
supplemented with various concentration of BA and NAA for 6 weeks

Culture Medium Percentage of germination (%)
activated charcoal without activated charcoal

1. MS Free 80.08a 83.93a
2. MS+0.5BA 62.45g 62.97h
3. MS+1.0BA 7533¢c 76.16¢
4. MS+1.5BA 62.67g 66.87¢g
5. MS+2.0BA 78.55b 80.53b
6. MS+0.5 NAA+0.5BA TESHe 77.11d
7. MS+0.5NAA+1.0BA 44.36k 44851
8. MS+0.5NAA+1.5BA 69.67f 70.83f
9. MS+0.5 NAA+2.0BA Timal 75.67cd
10. MS+1.0NAA+0.5BA 60.64h 66.77¢g
11. MS+1.0NAA+1.0BA 45.53j 50.511
12. MS+1.0NAA+1.5BA 54.971 66.88¢
13. MS+1.0NAA+2.0BA 70.30f 71.63e
F-test tx kk
C.V. (%) 10.46 O

Mean followed by the same letter within the column are not significantly different at P<0.01
according to DMRT.

Figure 3. Germination of neck orange on MS medium without plant growth
regulator, with and without activated charcoal for 6 weeks (bar = 0.5 cm). A:
after cultured for 2 weeks B: after cultured for 4 weeks, C: after cultured for 5
weeks, D: after cultured for 6 weeks
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Table 2. Shoots number of neck orange after cultured on MS medium
supplemented with various concentration of BA and NAA for 6 weeks

No. of shoot (shoot/seed)

S activated charcoal without activated charcoal
1. MS Free 1.00c 1.33e
2. MS+0.5BA 1.22abc 1.44e
3. MS+1.0BA 1.33ab 2.56cd
4. MS+1.5BA 1.44ab 1.44e
5. MS+2.0BA 1.22abc 3.33a
6. MS+0.5 NAA+0.5BA 1.11be 2.44d
7. MS+0.5NAA+1.0BA 1.11be 1.56e
8. MS+0.5NAA+1.5BA 1.11be 2.67bed
9. MS+0.5 NAA+2.0BA 1.0c 3.00ab
10. MS+1.0NAA+0.5BA 1.22abe 2.78bed
11. MS+1.0NAA+1.0BA 1.33abc 2.89bc
12. MS+1.0NAA+1.5BA 1.22abe 2.89bc
13. MS+1.0NAA+2.0BA 1.56a 3.00ab
F-test e tt
CV.(%) 13.59 18.39
Mean followed by the same letter within the column are not significantly different at P<0.01
according to DMRT.

Figure 4. Shoot number of neck orange after cultured on MS medium
supplemented with various concentration of BA and NAA with and without
activated charcoal for 6 week (bar= 0.6 cm). (A) MS free (B) MS+0.5 mg/L. BA
(C) MS+1.0 mg/L BA (D) MS+1.5 mg/L BA (E) MS+2.0 mg/L BA (F)
MS+0.5 mg/L NAA+0.5 mg/LL BA (G) MS+0.5 mg/LL NAA+1.0 mg/L BA (H)
MS+0.5 mg/L NAA+1.5 mg/L. BA (I) MS+0.5 mg/l. NAA+2.0 mg/L BA (J)
MS+1.0 mg/L NAA+0.5 mg/L BA (K) MS+1.0 mg/LL NAA+1.0 mg/L BA (L)
MS+1.0 mg/L NAA+1.5 mg/L BA (M) MS+1.0 mg/L NAA+2.0 mg/L. BA
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Table 3. Shoot length of neck orange after cultured on MS medium
supplemented with various concentrations of BA and NAA for 6 weeks

) Shoot length (cm.)
Culture Media

activated charcoal without activated charcoal

1. MS Free 2.26e 2.88a
2. MS+0.5BA 3.17a 1.87¢
3. MS+1.0BA 2.26e 2.17b
4. MS+1.5BA 2.67c 1.31h
5. MS+2.0BA 2.50d 1.67¢
6. MS+0.5 NAA+0.5BA 2.70bc 1.76d
7. MSH0.5NAA+1.0BA 2.48d 1.50e
8. MS+0.5NAA+1.5BA 2.32e 1.91c¢
9. MS+0.5 NAA+2.0BA 2.80b 1.57f
10. MS+1.0NAA+0.5BA 2.78bc 1.72de
11. MS+1.0NAA+1.0BA 2.50d 1.29h
12. MS+1.0NAA+1.5BA 2.72bc 1.40g
13. MS+1.0NAA+2.0BA 2.47d 1.201
F-test gk Hk
C.V. (%) 5.20 5.39

Mean followed by the same letter within the column are not significantly different at P<0.01
according to DMRT.

Table 4. Root length of neck orange after cultured on MS medium
supplemented with various concentration of BA and NAA for 6 weeks

Root length (cm.)

Culture Media

activated charcoal without activated charcoal

1. MS Free 17.80ef 4.24d
2. MS+0.5BA 19.13¢ 224
3. MS+1.0BA 17.11g 7.21b
4. MS+1.5BA 17.83e 5.84¢
5. MS+2.0BA 19.70b 2.74g
6. MS+0.5 NAA+0.5BA 21.30a 2.95f
7. MS+0.5NAA+1.0BA 5.80k 2.31hi
8. MS+0.5NAA+1.5BA 13.10h 1.76k
O, MS+0.5 NAA+2.0BA 6.501 3.61e
10. MS+1.0NAA+0.5BA 17.60f 8.22a
11. MS+1.0NAA+1.0BA 18.19d 2.04
12. MS+1.0NAA+]1.5BA 17.20¢g 1.461
13. MS+1.0NAA+2 0BA 6.10] 2.39h
F-test i ok
C.V. (%) 6.59 9.82

Mean followed by the same letter within the column are not significantly different at P<0.01
according to DMRT.
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Figure 6. Characteristics of neck orange roots after cultured on MS medium
supplemented with various concentration of BA and NAA with (A) and without
(B) activated charcoal for 6 week (bar = 2 cm)

Discussion

Plant growth regulators, auxin and cytokinin, alone or in combination, are
important role m development of plant regeneration of neck orange. In addition,
different plant growth regulators provide different plant responses. On the other
hand, seed germination can be proliferated in MS medium without plant growth
regulator, while the addition of plant growth regulator this observation i1s
supported the number of shoot, shoots and root length according to Savita et al.
(2011) reported that lime seed were cultured on MS medium containing 2.0
mg/L 2,4-D and 0.75 mg/LL BA gave the highest percentage of callus (83%)
follow by transferred to shoots induction on MS medium supplemented with
BA 3.0 mg/L gave the shoot ratio (87.50%) and then subculture on MS
supplemented with 2.0 mg/L. NAA for root induction gave the root (100%). The
result showed that different varieties of plant gave the different respond on
plant regeneration. Techaipivawat (2001) reported that the processing of
germinated seeds BA had accumulated within the cell in high doses; BA
stimulates cell division, lateral growth and trunk growth. It helps to move the
food from the roots to the shoots, so a little BA is enough for germination. In
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addition, adventitious roots can develop from alternate tissues under certain
conditions. When treated with exogenous auxin and cytokine. According to
Datta et al. (2007) reported that in vitro clonal propagation of Jatropha curcas
1. gave the rate of root induction on MS medium supplemented with 1.0 pM
IBA in 2-3 weeks from nodal explants gave the elongation of roots (8.7 = 1.35
c¢m) was obtained.

The effects of PGRs on the number of citrus shoots are the high
concentration gave the high number of shoots. However, the highest percentage
of rooting obtained in the higher concentrations of auxins because they are a
powerful growth hormone produced naturally by plants, the root plant showed a
weak growth after transferring to soil when compared the root plant without
plant growth regulators or low-concentration of auxin.

It concluded that MS medium without plant growth regulator and
activated charcoal gave the highest percentage of germination (83.93%). MS
medium supplemented with 2.0 mg/LL BA gave the highest number of shoots

3.33 shoots per seed). MS medium supplemented with BA 0.5 mg/L adding
activated charcoal gave the highest shoot length (3.17 cm.). MS medium
supplemented with 0.5 mg/l. BA and 0.5 mg/L NAA with activated charcoal
gave the highest root length (21.30 cm.)
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Abstract The comparative efficacy of plant extracts, petroleum oil and insecticides to control citrus leaf-
miner (Phyllocnistis citrella Stainton) on neck orange (Citrus reticulata Blanco) for the purpose of
evaluated the best method to control citrus leaf-miner in the field.The study was conducted on neck
orange orchard, 4-5 years old in Thung Song district, Nakhon Si Thammarat province, Thailand during
18 May to 8 June 2018. The experimental design using RCBD with 4 replications and 6 methods were 1)
Thai neem extract 0.1% at the rate of 5 ml/L. 2) tobacco extract at the rate of 30 g/L. 3) petroleum oil
83.9% EC at the rate of 2.50 ml/L. 4) imidacloprid 10% SC at the rate of 0.4 ml /L. 5) cyflutrin 5% EC at
the rate of 0.25 ml /L. and 6) control (non-treated). The number of citrus leaf-miner was recorded before
and after spraying methods (three-times, one week apart), for calculated the effectiveness method. The
result showed that after spraying the 3™ times, imidacloprid was the highest effectiveness method at
83.29% followed by cyflutrin, petroleum oil, tobacco extract and Thai neem extract at 81.46, 78.96, 77.91
and 31.23 %, respectively, compared with control (non-treated)

Keywords: plant extracts, petroleum oil, citrus leaf-miner

Introduction

Neck Orange (Citrus reticulata Blanco), is the Southern local citrus in Thailand.
Its has fruit knot which different from other citrus fruits. ‘Chana district’, Songkhla
province is the original planting area, in smallholder farmer especially in the group of
muslim farmer, multiple cropping or combinations agriculture which many kind of
fruits such as longkong, mangoteen, durain banana, coconut, neck orange and raising
goats and cows. When the neck orange is popular fruit, its distributed planting area to
another district such as Thepha , Saba Yoi, Na Thawi , Hatyai and another province
such as Yala and Chumporn. In the past, plant area was approximately 51,000 rai ( 800
hectare). But from the

* Corresponding author: Tipawan, T.; Kai_thipawan@hotmail.com

survey data planting area found that the planting area decreased to 1,798 rai (286.84
hectare) (DOAE, 2003 ). Due to the problem from cultural practices, environments
changing, insects outbreak, farmers lacking of knowledge for pest management, which
were caused plant death. The citrus leaf miner damage was found that the larvae attack
young leaves, making tunnels or "mines" under the surface layer of the leaf, that causes
the young leaves to twist and distort. The edges of the leaves curl so that they become
narrow, cupped or strap-like but they remain on the tree. The long (50-100
mm) irregular mines fill with air and this gives them a silvery or shiny appearance.
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They look like a snail trail over the leaf. Generally, the mines are less common on the
upper surface and rarely cross the leaf midrib (Jackson, 1998). To prevent from the

insects infestation, the farmers chosed insecticide which was the popular method due to
easy to buy, convenient to use, fast results and effectivelly. Such methods were
following many causing problem, such as dangerous to the sprayer, toxic residues in the
products, harmful for beneficial insects, resurgence of insect and insecticide resistance.
So that the studied on comparative efficacy of plant extracts, petroleum oil and
insecticides to control citrus leaf miner (Phyllocnistis citrella stainton) in neck orange
( Citrus reticulata Blanco) was done for solving the problem from control citrus leaf
miner in the famer’s orchard as an alternative way to reduced the using of toxicity of
synthetic insecticides.

Materials and methods

The experimental was conducted on 4-5 years neck orange famer’s orchard in
Thungsong, Nakhon Si Thammarat province, Thailand, with RCBD experimental
design, 4 replications and 6 treatments, consist of
Thai neem extract 0.1% at the rate of 5 ml/L.
tobacco extract at the rate of 30 g/L.
petroleum oil 83.9% EC at rate of 2.5 ml/L.
imidacloprid 10%SC at the rate of 0.4 ml/L.
cyflutrin 5% EC at the rate of 0.25 ml/L.

. control (non-treated)

Random sampling the young shoot of citrus tree with 10 shoot/tree/ replication,
the numbers of citrus leaf miner on the young shoots before and after spraying
treatments once a week for three times were recorded.

The collected data were analyzed statistically for analysis of variance to
determine the significant difference among the treatments and Duncan’s Multiple Rang
Test (DMRT) were used to differentiate of treatment means. The
effectiveness of methods at the last spray compared with the non-treated (control) were
calculated by Henderson and Tilton’s formula (Henderson and Tilton, 1995).

R

Effectiveness of methods (%) = C2 T1-C1 T2 X 100
C2T1
C1 and C2 : Numbers of citrus leaf miner per tree before and after spraying in non
treated (control)
T1 and T2 : Numbers of citrus leaf miner per tree before and after spray in each
methods

Results

Mean number of citrus leaf miner per tree before and after spraying

The results showed that before treatments the mean number of citrus leaf miner
per tree of all treatments (methods) were no significantly difference from the control
(non-treat) with the mean number of citrus leaf miner were 27.00-34.50 per tree (Table
1)

After spraying treatments the first time (7 day after the first spraying), the mean
number of citrus leaf miner was found that the control treatment was the highest
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number of citrus leaf miner 31.75 per tree with significantly from thaineem extract
treatment with 31.00 per tree. Imidacloprid was the less mean number of citrus leaf
miner 13.25 per tree, significantly difference from control(non-treated), but no
significantly different from cyflutrin, petroleum oil and tobacco extract treatments,
with the numbers of citrus leaf miner were 14.00 14.25 and 17.50 per tree, respectively.
(Table 1)

After the second times spray, control treatment was the highest mean number of
the citrus leaf miner 31.50 per tree, no significantly differences from thai neem extract
treatment with 27.50 per tree, but showed significant different from petroleum oil,
imadacloprid, cyflutrin and tobacco extract treatments which mean number of citrus
leaf miner were 8.00, 8.25, 8.50 and 13.85 per tree , respectively.

After the third times spray, control treatment was the highest mean number of
the citrus leaf miner 24.50 per tree, significantly different compared to all treatments,
which imidaclopid, petroleum oil, cyflutrin, tobacco extract and Thai neem extract, the
mean numbers of the citrus leaf miner were 4.00, 6.25, 6.85, 12.25 and 17.75 per tree,
respectively. (Table 1)

For the effectiveness method (treatment), after the last spray, imadacloprid was
the highest effectiveness method at 83.29%, followed by cyflutrin, petroleum oil,
tobacco extract and Thai neem extract at 81.46, 78.96, 77.91 and 31.23%, respectively
compared with the control(non-treated).

Table 1 Mean number of citrus leaf miner per tree before and after spray at various
interval and the effectiveness of treatments (%) after the last spray compared
with control (non-treated)

Rate Mean number of citrus leaf miner .
(ml/ 4 per traow effectiveness
Treatment liters of 7 days after spray lafter the
i) before ast spray
spray 12/ 22/ 32/ (% ) 3/
T1: Thai neem extract 20 3450 31.000 27.50* 17.75b 31.23
T2: tobacco extract
600 g 30.25 17.50° 13.25>  12.25b 7791
T3: petroleum oil 10 27.00 14.25°  8.00° 6.25°¢ 78.96
T4: imidaclopid 1.6 3200 13.25> 825  4.00° 83.29
T5: cyflutrin 1 3425 14.00°  8.50° 6.25¢ 81.46

Té: control ~ 3275 3175 3150°  24.50° :
(non-treated)
F-test ns *H o woE
C.V. (%) 2222 1854 2190 22.95
Vaverage from 4 replications ( 10 shoot/tree/ replication)
" non-significantly (p>0.05), ** significantly different (P<0.01)
Ynumber in the column with same letters not significantly different (p>0.05)

YEffectiveness of methods (%) = C2 T1-C1 T2 X 100 (adapted from Handerson and Tilton, 1995)
C2T1

C1 and C2 : Numbers of citrus leaf miner per tree before and after spray in non-treated control

T1 and T2 : Numbers of citrus leaf miner per tree before and after spray in each methods

Discussion
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From the experimental found that after the third times treatment spraying,
synthetics insecticide such as imidaclopid, cyflutrin and petroleum oil, the number of
citrus leaf miner were significantly less than the method of plant extract (tobacco
extract, Thaineem extract) which the effectiveness of methods were 83.29, 81.46 and
78.69%, respectively, while tobacco extract and thaineem extract methods were 77.91
and 31.23, respectively. Imidaclopid acts on the nervous system, fit in to receptor
molecules in the nervous system that normally receive the molecule acetylcholine,
irreversibly block acetylcholine receptors, (Caroline, 2011) which show symptoms
inactive weakness starves and finally die (Angkana, 2019). Cyflutrin acts as a stomach
poison and throught contact with the insect attacking the nerves, causes constant muscle
spasms, eventually, the insect is paralysis or strarves (NPIC, 2019)

Petroleum oil acts on contact during egg stage and larva stage. In the egg stage,
oil cover egg shell that interrupt o, diffusion into the egg. In the larva stage which
larvar located inside the leaf mine, petroleum oil block the air holes (spiracles) of the
body, throught with insects breathe, causing them to die from asphaxiation, disturb
laying and feeding of adults (Rut, 1998).

Thai neem extract effects on insect, such as antifeeddant, growth retardant,
progeny development disrupting, and oviposition deterent (Anchalee, 2013). Tobacco
contains nicotine, the substance acting as an insecticides by contact and oral. Nicotin,
strong toxicity, is wellknow to exert its in secticidal effect by interacting with nicotin
acetylcholine receptors ( Duke et.al, 2010) . Because of toxicity of tobacco ( LDso 50
mg/kg) and rapidly toxicity more than thaineem extract (LD50>5,000 mg/kg), so that,
after the third treatment application the number of citrus-leaf miner were less than the
method, Thaineem extract. Thongjua (2002) reported that imidacolprid 10.%SL,
cyflutrin 5%EC cabosanfan 20%EC, Tiam oil 100%, petrolium oil 83.9% and
Thaineem extract 0.1% were effectiveness methods for controlling citrus leafminer in
Citrus reticulata Blanco cv. Shogun at 81.84 79.53 75.85 73.29 and 45.73 %,
respectively.

Wu et al. (2005) reported that the chemical control was effectiveness control
measures and their continue used that face negative effect to the natural biological
system and led to dramatic resurgences in insect pest outbreak. From this experiment
found that petroleum oil and tobacco extract methods were the effectiveness in the
some with synthetic insecticides, It is the good way to replace synthetics insecticides
with the petroleum oil and plant extract method. For the successful to control insect,
many methods are used by integrated pest management, which must be concern about
environment, kind of plant, time spraying, quatity of the insect outbreak and the
important key factors for the successful are the knowledge and experience of the
farmer.
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