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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 greening 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.

In our study from 2017 and 2018, the tissue culture process for produced
disease-free Citrus spp. the mother plant was investigated. The Citrus spp. plant
material used in this study was cbtained from the healthy tree of lemon, kumquat
and grapefruit growing 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 the source of explants for in vitro culture. In the explants preparation and

establishment of aseptic culture, shoots with 3-5 nodes (about 15 cm in length) of



the healthy young branch were taken. Leaves were removed and the branches were
cut and then washed carefully with running tap water to remove surface dirt.

For the surface sterilization method, 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. Dipping these segments into 70% ethanol for 1 min and
rinsed by sterile distilled water. 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 lemon, kumquat and grapefruit at
60%, 60% and 50% respectively.

In the in vitro cultivation, the effect of basal medium on the shoot induction
and proliferation stage were investigated. 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) for 12 weeks. In the results, %2 strength of LS media
supplemented with 30 ¢/L of sucrose (2 LS+Su30) showed a positive effect on shoot
induction, in addition, the shoots were obtained are healthy shoots and greener
leaves. 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 nine medium formulas did not
certainly effect on shoot multiplication.

In the experiment of evaluation of effect of the exogenous cytokinin, 6-benzyl
amino purine (BAP) 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
supplemented with 30 ¢/L sucrose and individually supplemented with 0, 1, 2, 3 and
5 mg/L BAP for 12 weeks. The results show that BAP can enhance growth and



increase the shoot induction rate. The obtained shoots from the culture on the
medium supplement with BAP was higher shoot induction rate and a number of
leaves formation when compared with the culture without BAP treatments. However,
when different concentrations of BAP were used in the culture medium, no
significant differences were observed in shoot multiplication. Furthermore, all most
obtained shoots do not present spontaneous rooting. The best result for lemon was
obtained from the culture on the medium supplement with 2 mg/l BAP produced
the highest shoot induction rate. While the culture on the medium supplement with
3 mg/\ BAP is a suitable condition for kumquat cultivation. The lemon and kumquat
shoots were obtained are healthy shoots and greener leaves. In case of grapefruit,
the best result was obtained from the culture on the medium supplement with 2
mg/l BAP was produced 50% of shoot induction rate and obtained shoots were
slowly growing.

The main purpose was to research and development of the tissue culture
process for the production of disease-free Citrus spp. mother plant. In this study,
considering the effect of plant growth regulators on the root induction method. For
the produce disease-free Citrus spp. mother plant, the efficiency of thermotherapy
alone and combined with ribavirin chemotherapy for elimination CTV virus was
evaluated. Finally, a suitable process of tissue culture for the production of disease-

free Citrus spp. mother plant was developed.

2. Obiective

The sub-project 3: Research and development of the disease-free Citrus spp.
mother plant production for growing in highland areas is a three-year-long project.
In the third year, the purpose was to investigate and develop the tissue culture
process, considering the effect of plant growth regulators on the root induction
method. For the produce disease-free Citrus spp. mother plant, the efficiency of
thermotherapy alone and combined with ribavirin chemotherapy for elimination CTV
virus was evaluated. Finally, a suitable process of tissue culture for the production of

disease-free Citrus spp. mother plant was developed.



3. Results and discussion

In the research and development of disease-free Citrus spp. mother plant
production using the tissue culture process, the two methods for roots induction
were investigated. 2.5-3 cm in length of healthy in vitro shoots of Citrus spp.
including lemon, kumquat and grapefruit were used as explants. In the first method,
transfer the shoot explants from shoot culture medium (%2 LS medium containing 30
g/l sucrose, 2 mg/l BAP and 3 ¢/l gellan gum) to shoot culture medium supplement
with five different concentrations of IBA (0, 0.5, 1, 2 and 3 mg/l). The cultivation
period was 8 weeks. In the second method, transfer the shoot explants from shoot
culture medium to culture medium (%2 LS medium containing 30 ¢/l sucrose and 3
g/l gellan gum) without adding plant growth regulator for 4 weeks and then transfer
the shoot to the culture medium supplement with five different concentrations of
IBA (0, 0.5, 1, 2 and 3 mg/l). The cultivation period was 8 weeks. In our study, the
second method was suitable in order to induction of root. From this method, all of
the shoots have been grown without callus formation and the plantlets were
obtained had healthy. The best result for lemon was obtained from the culture on
the medium supplement with 1 mg/l IBA produced the highest root induction rate
(70%). While the culture on the medium supplement with 2 mg/l IBA is a suitable
condition for kumquat cultivation (40%). In the case of grapefruit, in vitro root were
not induced under our five different concentrations of IBA adding. However, the
shoots have been grown without callus formation.

For the produce disease-free Citrus spp. mother plant, the efficiency of
thermotherapy alone and combined with chemotherapy for elimination CTV virus
was evaluated. The resulted showed that the treatment by thermotherapy alone
and combined with chemotherapy by ribavirin have an effect on the growth and
survival of plants. The treatment by chemotherapy with ribavirin at 25 lg/l at 25 °C
for 2 weeks and then thermotherapy with high temperature at 40 °C for 2 weeks had
the lowest survival percentage of shoot (40%). The thermotherapy with high
temperature (40 °C) has a lower survival percentage of shoot than the low
temperature (25 and 35 °C). In the case of chemotherapy with ribavirin at different

concentrations and combined with the same temperature of thermotherapy showed



a similar survival percentage of shoot. While the chemotherapy with ribavirin at the
same concentrations and combined with the different levels of temperature showed
a higher survival percentage of shoot when using lower temperatures. In our studies,
shoots derived from all treatment were free of CTV virus. Thus we can not certainly
indicate that thermotherapy alone and combined with chemotherapy affect these
viruses eradication. The possibility is that the number of viruses that are
contaminated in the plant might be very less. The disinfectant agents (such as
ethanol, Clorox solution, PPM™ solution) might affect these viruses.

In this research, two grafting process for production of disease-free citrus
plants were studied. In the first method, the scion (disease-free shoots of lemon,
kumquat, and grapefruit from in vitro culture) were placed on Cleopatra mandarin
rootstock. The details as shown in figure 1. The second method, in vitro grafting was
investigated. The disease-free shoots of lemon, kumquat, and grapefruit from in vitro
culture were used as the scion. Cleopatra mandarin rootstock plantlets obtained in
vitro seeding are allowed to grow until several leaves and root are produced. The
rootstock is established as a rooted shoot, its top portion can be cut so that there is
no nodal region left and a small cleft is made in the cut end. The shoot portion of
the scion base, cut in V-shape, was inserted in the cleft of the rootstock. The entire
set is again cultured on DKW medium containing 30 ¢/l sucrose and 2 mg/l BAP.
Figure 2 and 3 representation of in vitro grafting procedure. The result from in 4"
weeks after grafting shows that the success rate of grafting on lemon, kumquat, and
grapefruit was obtained by 80%, 70%, and 40% respectively. In the in vitro grafting,
the success rate of lemon, kumquat, and grapefruit was 70%, 76.92%, and 42.8%
respectively. These grafts of lemon, kumquat, and grapefruit were carefully
acclimated and transfer to the greenhouse condition. These samples of healthy
citrus grafts were taken for disease testing. The testing result indicate that these
samples of grafts are disease-free of citrus greening and citrus tristeza disease.
Therefore, the grafting which healthy seedling Cleopatra mandarin as rootstock and
disease-free shoots of lemon, kumquat, and grapefruit from in vitro culture as the

scion are benefit method for production of disease-free citrus plants.



4. Conclusions

In the research and development of disease-free Citrus spp. mother plant
production using the tissue culture process, the method for induction of root were
investigated. In our study, the suitable method were transfer the shoot explants from
shoot culture medium to culture medium (2 LS medium containing 30 ¢/l sucrose
and 3 ¢/l gellan gum) without adding plant growth regulator for 4 weeks and then
transfer the shoot to the culture medium supplement with five different
concentrations of IBA. From this method, all of the shoots have been grown without
callus formation and the plantlets were obtained had healthy. The best result for
lemon was obtained from the culture on the medium supplement with 1 mg/l IBA
produced the highest root induction rate (70%). While the culture on the medium
supplement with 2 mg/L IBA is a suitable condition for kumquat cultivation (40%). In
the case of grapefruit, in vitro root were not induced under our five different
concentrations of IBA adding. However, the shoots have been grown without callus
formation.

For the produce disease-free Citrus spp. mother plant, the efficiency of
thermotherapy alone and combined with chemotherapy for elimination CTV virus
was evaluated. The resulted showed that the treatment by thermotherapy alone

and combined with chemotherapy by ribavirin have an effect on the growth and

survival of plants. The treatment by chemotherapy with ribavirin at 25 Hg/l at 25 °C
for 2 weeks and then thermotherapy with high temperature at 40 °C for 2 weeks had
the lowest survival percentage of shoot (40%). The thermotherapy with high
temperature (40 °C) has a lower survival percentage of shoot than the low
temperature (25 and 35 °C). In the case of chemotherapy with ribavirin at different
concentrations and combined with the same temperature of thermotherapy showed
a similar survival percentage of shoot. In our studies, shoots derived from all
treatment were free of CTV virus. Thus we can not certainly indicate that
thermotherapy alone and combined with chemotherapy affect these viruses
eradication. The possibility is that the number of viruses that are contaminated in the
plant might be very less. The disinfectant agents (such as ethanol, Clorox solution,

PPM™ solution) might affect these viruses.



In this research, two grafting process for production of disease-free citrus
plants were studied. In the first method, free-virus of the scion (in vitro lemon,
kumquat, and grapefruit shoots) were placed on Cleopatra mandarin rootstock. The
details of grafting procedure as shown in figure 27. The result from in 4" weeks after
grafting shows that the success rate of grafting on lemon, kumquat, and grapefruit
was obtained by 80%, 70%, and 40% respectively. The second method, in vitro
grafting was investigated. The details of procedure as shown in figure 28 and 29. In
the in vitro erafting, the success rate of lemon, kumquat, and grapefruit was 70%,
76.92%, and 42.8% respectively. These grafts of lemon, kumquat, and grapefruit were
carefully acclimated and transfer to the greenhouse condition. The testing result
indicate that these samples of grafts are disease-free of citrus greening and citrus
tristeza disease. Therefore, the grafting which healthy seedling Cleopatra mandarin as
rootstock and disease-free shoots of lemon, kumquat, and grapefruit from in vitro

culture as the scion are benefit method for production of disease-free citrus plants.



% The healthy tree of Cleopatra mandarin growing in % The healthy tree of lemon, kumquat and
the Pongnoi Research Units, Royal Agricultural grapefruit growing in the Pongnoi Research Units,
Station Pang Da were selected Royal Agricultural Station Pang Da were selected

¢ The sample of these citrus leaves were disease
tested.
#t Testing of the citrus greening disease by using PCR
method (Jagoueix et al., 1994)
% Testing of citrus tristeza disease by using RT-PCR
method (Mehta, et al., 1997)

#t Preparing of seed # The surface sterilization method
4 The healthy seed were washed carefully with & immersed in 0.5 % carbendazim solution for 20 min
on a shaker at 100 rpm

# dipping these segments into 70% ethanol for 1 min

# immerse in 10% Clorox solution (commercial bleach)
and 0.1% Tween-20 solution for 10 min on a shaker
at 100 rpm

# immerse in 5% PPM solution for 20 min

running tap water to remove surface dirt
% immersed in 0.5 % carbendazim solution for
20 min on a shaker at 100 rpm

#k The in vitro shoot cultivation
& Seedling from seeds The nodal segments with axillary buds were cultured

The healthy seed were culture in the mixture on % LS semi-solid medium supplemented with 30 ¢/L
sucrose and 2 mg/L BAP for 8-12 weeks. Subculture

of peat and perlite

shoot were tested
rder to identify that the
citrus plant is disease-free

|

& Grafting
# Rootstock =10-15 cm in length of healthy seedling
Cleopatra mandarin
& Scion = healthy shoot of lemon, kumquat, and grapefruit
from in vitro culture

# Acclimatization and transfer to the greenhouse
condition

gt These samples of in vitro shootwere tested the
citrus disease in order to identify that the citrus
plant is disease-free

Figure 1 The production of disease-free citrus plants using grafting method.



# The healthy tree of Cleopatra mandarin growing in
the Pongnoi Research Units, Royal Agricultural
Station Pang Da were selected

d& Preparing of seed

% the healthy seed were washed carefully with running
tap water to remove surface dirt

# immersed in 0.5 % carbendazim solution for 20 min
on a shaker at 100 rpm

% dipping these segments into 70% ethanol for 1 min

@ immerse in 10% Clorox solution and 0.1% Tween-20
solution for 10 min on a shaker at 100 rpm

#® In vitro seedling from seeds
The healthy seed were culture cultured on DKW +
30 g/L sucrose + 2 mg/L BAP for 12 weeks.
Subculture every 4 weeks.

% The healthy tree of lemon, kumquat and
grapefruit growing in the Pongnoi Research Units,
Royal Agricultural Station Pang Da were selected

# The sample of these citrus leaves were disease
tested.

% testing of the citrus greening disease by using PCR
method (Jagoueix et al., 1994)

%k testing of citrus tristeza disease by using RT-PCR
method (Mehta, et al,, 1997)

# The surface sterilization method

% immersed in 0.5 % carbendazim solution for 20 min
on a shaker at 100 rpm

% dipping these segments into 70% ethanol for 1 min

% immerse in 10% Clorox solution (cormmercial bleach)
and 0.1% Tween-20 solution for 10 min on a shaker
at 100 rpm

# immerse in 5% PPM solution for 20 min

s The in vitro shoot cultivation

The nodal segments with axillary buds were cultured
on % LS +30 g/L sucrose +2 meg/L BAP for 8-12 weeks.
Subculture every 4 weeks.

shootwere tested
er to identify that the
e

-
r"

o Grafting
% healthy seedling Cleopatra mandarin from in vitro seedling
& Scion = healthy shoot of lemon, kumquat, and grapefruit
from in vitro culture
% Culture carefully the In vitro grafts on DKW + 30 g/L
sucrose + 2 mg/L BAP. Subculture every 4 weeks.

dk Acclimatization and transfer to the greenhouse

condition

d These samples of in vitro shoot were tested the
citrus disease in order to identify that the citrus
plant is disease-free

Figure 2 The production of disease-free citrus plants using in vitro grafting method.



Figure 3 /n vitro grafting of citrus plantlets (a) The healthy seedling Cleopatra mandarin from in
vitro seedling as the rootstock, its top portion can be cut so that there is no nodal
region left and a small cleft is made in the cut end, (b) the disease-free shoots of citrus
from in vitro culture were used as the scion, (c) (d) and (e) The shoot portion of the
scion base, cut in V-shape, was inserted in the cleft of the rootstock and (f) culture

carefully the in vitro grafts on DKW semi-solid medium.
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A1519% 1

A519% 2

A5799 3

A1519% 4

A1519% 5

A1519% 6

A519% 7

#150RN1979

NAvBINIzideanaNauiatnilieaninsnae3smsn 1
lngn1snisiigeenuueINivasAIuANNTasyRulangy
lalwlafiuviia BAP uavnguesnduviln 1BA {Wunan 8 dUa

NAYDINITW IR swanAuAiiadni ieanins1nde3sA1T
1 IngNSNelageeanuLeIMINALaIAuANM S iulnngy
lalwlaliuviin BAP uavnguosnduvila IBA {Wuan 8 dUam

NATDINSINZLAL9ERLANU TN U I g RASINA 2835 N159 2
1AENISNNEIALIaAUURMNTTIANAITAUANNISRS YRULANGY
29nTU VTR IBA AAMULTUTUTABANE1 Y Wukan 8 dUaid

NavadINITNIziAgsEanAuAIntiatnih lrganinsna 8350157 2
TAgNISINNEIAan UL IMNTIFLEITAUANNISRS YRULANGY
29N3U VTR IBA AAuttutuiiwanenaiy Wuian 8 dUaii

HavRINITINIziAEsann s Iiedminliuaninsinde 38013
7 2 T9gn19mILlag s AUNR M SIANAITAIUANNISIT AU
naueendu ¥ila IBA fnnmduduiiuandn9iy 1Wuian 8 duan

HAY8IN15UUAMERUNYN (thermotherapy) kazn15UIAs1Y
a131ail (chemotherapy) sanisviitiloifaduAuainuasnla

nandudnialunisnanduniiuiiivnsegadulnenisiesen
(grafting) waznseioganvilugnmdasniiia (in vitro grafting)

YN
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AFINNIANUINT 1

A150N1TNNAKUIN

B9AUTENIUVDIDMITNILALIGNS Linsmaier and Skoog
Medium (LS medium; Linsmaier and Skoog, 1965)

56



2NN 1

AMNA 2

AN 3

AW 4

AN 5

AN 6

AN 7

#130N W

Pt

nswanAunlWusiynsenadudasnlsa sreisnisdesen
(grafting)

nsuandulaiuiiunsenaduvasalse die3snsreseniivinly
anmuagalde (in vitro grafting)

Bnsrevenduivihluan nuaseie (n vitro grafting) Tne (n)
Fugeudunuunsuiuiadlennsimanizdsdudnmuaen
Foldiludune (rootstock) 1ndinudnagensenuazyiliiy
sosuNadmsunIsideusen, () venduiivasnlsafildainnig
wneidsaiiow elHiduseniusi (scion), () (1) uaw (1) theen
duiusadedalvdutaeanidnuusduaumisumndsuas
vuune wag (a) Yidudeuduiiunsdsusenunnizas iy
o nsfufsges DKW luanmiaenide

wansnsralsanFuildluaney Tnauaninandn PCR 4931150529
Bu 165 rRNA 170 1,107 ALua vosdauuaiide CLA Fudy
awvnvedlsaniuiisludy Tngld 185 ANA gene 1a 286 Alua
Judumiuau

nan1IRTIalIAnIam g lulanau lnunaninanan RT-PCR 984
155298 1WA 670 giua vedhafa CTV Fadluavnuedsa
n3awgludy Inuld 185 rRNA gene vun 286 Fiud tUudy
AIUAY

wansnsalsaniuislududuaiv Tnauansuandn PCR 09013
#3798 165 RNA 917@ 1,107 gruaveadeuuniiiis CLA &
\uamnuadlsaniuiisludu Iagld 185 RNA gene wun 286
Avua WuBuauaw

Han1snsIalsansamdlududuain lnguaninanin RT-PCR
¥93M5A5298U TUN 670 Fiua veshia CTV Faduaimnves
Lsavawdludy Tngld 185 rRNA gene vun 286 Awva Wudu
AIUAY

YN

2

20

20

21

21



AN 8

AN 9

A 10

AN 11

MR 12

il 13

w14

#150sYN N (sin)

wanisasialsaniuidludunnniv Tnsuansuandn PCR w0
N13A$298U 165 rRNA 9u1A 1,107 flud voutonunfity CLA
Faluawmnvesisaniuilsludy Tagld 185 RNA gene 3u1m
286 fvua Wudumuay

nan1snslalsanTamdrluduininnin lnsuanananin
RT-PCR 984M13505298U 7u1a 670 Aiua vaehia CTv dadu
aunnvaslsaniawmadnludy Ingld 18S rRNA gene vu1n 286
Avua WuBumuay

nan1sesalsanSawdnlugoaduainfiiiunisinge lnowans
WANAN RT-PCR ¥94A1501 9338 AU1A 670 Alua vaslisa CTV
Faduannnvaslsaniawaludu Iagld 185 RNA gene 119
286 g Wudumuay

nansnsralsansuilslusenaueuiildanmansdoaiede
lneuanInanadn PCR 989M15015338U 165 rRNA 119 1,107
e veudeuuaiise CLA Suluammuedsaniuilsudu Toeld
185 rRNA gene 111 286 fvud WuBuniuny

nannsralsavsawdlugenuoufildnnmsmnsdeaiods
laguananandn RT-PCR 989019153381 YU1A 670 ALUd V89
ha¥a CTv duduaunnvedsanamaludu Tagld 185 RNA
gene WA 286 Aiua WuBuniuay

namamsalsanfuddugenduamildnnmamisidsaiade
lnouananandn PCR 98911305338U 165 rRNA 9119 1,107
wa vesdenuaiise cLA Faduamemedsaniuilsludy Taeld
185 rRNA gene 31 286 Akud Wuluauny

nansasialsaniawanlusenfuniniildannsmadsaieds
laguanINandn RT-PCR ¥84015A5338U YUIA 670 ALUA V89
h¥a cv daluawnnredsandawnanludu 1nsld 185 RNA
gene YA 286 A Wudumuay

YN
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22

23

25

25

26

26



ﬂ’]‘W‘ﬁ 15

Al 16

ﬂ'W\I‘IQ/i 17

A 18

A 19

A 20

#150sYN N (sin)

wansnsralsnnduidusamnsniiniildanmamsdsadade
Inouananands PCR 99911595398 165 rRNA 9110 1,107
wa veadouvaises CLA Buduamguedsaniuidudy Tagld
185 rRNA gene w119 286 Aiua \udumuny

nan1snsalsaviawailugoninslainildannisinzibos
{loiile Tnsuaninandn RT-PCR 1097159152984 1U1A 670 ALUd
vaslafa CTV Faduanngueslsaviaweludy Tngld 185 mNA
gene TU1A 286 Avua Wudumuay

Han1snsIalansulldluganduuuunsuiugadloin sy

=3 N ~
AINAISLIIZLUAR LAEWARIHNANER PCR U99n1995298% 165
rRNA 9119 1,107 Alua veaweuuaiiis CLA faduannnves
Tsansufldludu Tngld 185 RNA gene 3u19 286 Avud tHuduy
AIUAY

nan1snsIalsemIawmdlugendununiuiusaaletinsiiadey
W1INNTINIELNER Insuananandn RT-PCR 98401595298
yun 670 Aua vesasa CTV daduanmguadsaviamsludy
Ingld 185 rRNA gene wun 286 fvud Wuduaiuay

nan1snsialsansuildludundaneu (Lml 89 Lmd) duntn
(Km1 59 Km3) wastnswin§y Gm1 f1 Gm3) findinld Tnouans
HaKAR PCR v89n15M5398U 165 RNA vu1@ 1,107 Alua Y89
Wowuaiige cLA Suluanivgvedisanduddudu Taeld 185
(RNA gene w11 286 Aua Wuduniunu

Han1InsIalsAnTamglusundtaneu (Lm1 8¢ Lmd) AuAin
(Km1 f9 Km3) waz 1nswnl3n (Gm1 ds Gm3) findalsl Inguans
WAHAHN RT-PCR 124015015298 Y un 670 Aiua vadlda CTV
Faduaunnvoslsaniawdrludu Iagld 185 RNA gene 1179
286 fivua \Judumunay

YN

27

27

28

28

29

29



w21

AW 22

Awd 23

Wi 24

ﬂ’]‘W‘f/‘i 25

AT 26

ﬂ’]‘W‘ﬁ 27

Al 28

AN 29

#150sYN N (sin)

Snvnsvosmaadaiiniulussniananisifswenianeuuy
o nmiasaiudefifuasaruaunisaiyfulnngulels
lafluviln BAP waznguaanduvila 1BA 35n151 1) eviinisg
wnsdsaiunan 4 dUa

=1

anvnsvaAadaniindulusEnI1enIsMIsALIg aRALATNUY
aWshssiivansauaunsRIyulnngulalnladuyils
BAP waznguoanduyila IBA (801591 1) Wevhnsmiziaeaduy

a0 4 dUann

t%

ugaunlianmsmizideaiadniisaniauauingineae
50199 2 lneinnglag e nuue I MISIRNaISAIUANNIS
WwiyRulanaueeanduvila IBA fiaududu 1 Sadnfudeding

1

Wuran 8 dand

?
B

o

ugeunliannsmigasiiednilisensuainiiiaineie
FN199 2 LAgtnglage8anuuBIMITILANAITAIUANN IS
WwiyAulanaueanduviia IBA Aududy 2 Jadniudedng

7
3

1

Wuran 8 dUan

anwaznsiinlusIsveseannIniniuseniamsinizides

N15193YeIsannsIHEMIlAInMsIziasailodedudely
dnwdaenie Weviansimnzdesduaa 8 dUnm

nsnyAsssaansninifiadnuilisenifesndaeiinis 2
Tneineiisssonuuemsiifuansauaumaasydulanguoen
Bu vl 1BA Ainrududufiunndneiu devinismsdsndy
nan 8 dami

nsnzidgagandufuaniiunsuUan e gaumgluagaisiadl
M8n35IsA1e Tngvinisimnzidsadunan 6 e

Fuduunuansuiugadloinsfildanmsmnzwds dwiuldidu
FupalunsAN®IITNISA 1 Mssioyen (grafting)

YN
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Al 30

AW 31

AR 32

Al 33

AW 34

mwﬁ 35

mwﬁ 36

ﬂ’]‘W‘ﬁ 37

Al 38

#150sYN N (sin)

pugaudukuuaTuiuiadlainsinmsmzidedduanindasn
Wodmsuldilusunslun1s@neriSnsi 2 nsregenfivinlu
anmuasniia (in vitro grafting)

s

mMsimzidgwantauauilasalindmiuldlunisndsfuuiiug
funsznadiaealsn

ANTNIERssganAUATNIvaaalsad s Ul lun1THARA LU
funsenaduUasnlsn

2o

nsinnziigagannsininivasalsad miuldlunisudnnuul
Wugiiunsznaduuasnlsn

Aregrsuuliuiianauyasnlsa fildannnissdesan (grafting)
Tneldwamaveuiivasslspamnmsmnedoaiodatuseniusi
(scion) waglidudumuunsuiusadloivsnainnsimziudadu
Auma (rootstock)

fegreiuuiiusianeudasalsa Myndainnisdegenluanim
Uaenide (in vitro grafting) wazmnzdssluanmlaonidediy
a1 4 dUan (1) UShadiinnsdesen waz (1) fmegenns
wnzdeduanmdaenide

fagmuiiugAuainUasalsn MenaeaInnIsHosenluann
Uaenide (in vitro erafting) wazmnziassluanimdasmidedy
1A 4 &av (n) UShadivinisaesen way (9) §10819013
wnzidedluanimUasnite

AregenukluinIniindasalsa aendeainnisdesenly
anmasaiile (in vitro grafting) wazziae duanmUasnide
Junan 4 §Uanii () Unadiviinisresen wae () Fo819n73
wnsdsdluaniwUaonile

fvgrunaLatsulasalsaniinisaiyfkagyiiniseyuialy
lsaudou

YN
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a5

a7

a7

48
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