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13un731 leaf mottle Tunan3nala 138n21 yellow branch, blotchy-mottle #3® greening
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wazial¥enziusanidudld lngviliauuaszunsutaginlinandnuazaun MUedLanas
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QnidsusenuuduReIvuseD Citrus tristeza virus Feduduarlivansornsuinavindolsa
(Su and Tsai, 1991; Su, 2008)
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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).

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 and Tsai, 1991; 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.

Unfortunately, tissues of field-grown plants are highly contaminated.
Consequently, it is difficult to obtain sterile explants which are suitable for in vitro
tissue culture protocols (Rugini, 1990). Surface disinfection of plant material is
essential for in vitro cell and tissue culture protocol. In this process, an attempt is
made to eliminate microbial contaminants from the surface and interior of plant
material without destroying and killing the plant tissues (Teixeira da Silva et al.,, 2015;
Lazo-Javalera et al., 2016). Since disinfection agents used for surface disinfection of
explants can also be toxic to plant tissues (George 1993), a balance between the
level of contamination and explant survival should always be considered when
disinfection agents are used. Traditionally, the disinfection method using chloride
hypochlorite solutions (NaOCl), which usually represents a good option for tissue
disinfection (Lazo-Javalera et al., 2016). NaOCl is highly effective against all kinds of
bacteria, fungi, and viruses. Moreover, NaOCl has a strong oxidizing property which
makes it highly reactive with amino acids, nucleic acids, amines, and amides. The
general reaction between amino acids and NaOCl produces the respective aldehyde,
NH,Cl and CO; (Yildiz, 2012).

In this study, the healthy shoots of lemon, grapefruit and kumquat were

selected. Then the sample of these citrus leaves are tested for the citrus greening
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disease and the Citrus tristeza virus and the only disease-free shoots are used as

initiated explants for in vitro propagation.

2. Obiective

The sub-project 3: Research and development of the virus-free Citrus spp.
mother plant production for growing in highland areas is a three-year long project. In
the first year, the purpose was to investigate and development the method for
produce the disease-free Citrus spp. mother plant. In this research, the healthy
shoots were collected and tested for the citrus ereening disease and Citrus tristeza
virus. Only the collected disease-free shoots will be used as initiated explants for the
production of disease-free Citrus spp. mother plant. The surface disinfection method

were evaluated in order to use as suitable method for preparing Citrus spp. shoot.

3. Results

The healthy and not showing characteristic symptoms on young branch of
Citrus spp. consisting of lemon, kumquat and grapefruit were collected from the
Citrus Research unit Pong Noi, the Royal Agricultural Station Pang Da, Chiang Mai
province, The sample of these citrus leaves are tested the citrus sreening disease by
using polymerase chain reaction (PCR) method according to Jagoueix et al.,1994.
Where as Citrus tristeza virus is detected by using reverse transcription polymerase
chain reaction (RT-PCR) method according to Mehta, et al,, 1997 in order to select
the virus-free shoots as initiated explants for in vitro tissue culture.

The result of the citrus greening disease by using PCR method showed that
33.3% of grapefruit leaves samples had been infected by the citrus greening bacteria
because these samples gave an amplification of 1107 bp fragment. While lemon and
kumquat leaves samples did not show the band, so it can be concluded that lemon
and kumquat samples were citrus greening disease-free shoots. From the Citrus
Tristeza Virus testing, the result showed that 66.7% of kumquat leaves samples
exhibited the 670 bp fragment of Citrus Tristeza Virus. It indicates that these kumquat
samples have been infected by the Citrus Tristeza Virus. However, lemon and

grapefruit leaves samples did not show the 670 bp fragment of Citrus Tristeza Virus.



Seventeen shoots of lemon which as Citrus Tristeza Virus-free and citrus greening
disease-free shoots were carefully maintained on basal Murashige and Skoog medium
(MS medium) containing 30 ¢/L sucrose.

In the study of surface disinfection, healthy shoots were sterilized by 3
treatments. In treatment 1, the dissected shoots were immersed in 5% (v/v) clorox
solution (commercial chlorine which NaOCl) for 10 minutes at 25 + 2°C. In treatment
2, the dissected shoots were immersed in 5% (v/v) clorox solution and 0.1% (v/v)
Tween-20 for 10 minutes at 25 + 2°C. In treatment 3, the dissected shoots were
immersed in 5% (v/v) clorox solution and 0.1% (v/v} Tween-20 on a sonicator for 10
minutes at 45 + 2°C. In case of lemon, the best results were obtained from
treatment 2, ‘which exhibited low percentage of contamination and also
demonstrated the high percentage of survival. In case of kumquat and grapefruit,
surface disinfection on a sonicator (treatment 3) reduced the percentage of
contamination in kumquat and grapefruit at 50 and 33.3 %, respectively when
comparing the treatment 2.

In vitro culture of lemon was conducted on basal MS medium or basal WPM
medium containing 30 ¢/L sucrose for 8 weeks. Lemon shoot bud explants could be
grow on both basal medium. However, both basal medium could not induce shoot

multiplication and root induction.

4. Conclusions

The disease-free mother plant is a key factor in disease-free plant production
using in vitro propagation method. The healthy young branch of Citrus spp. consisting
of lemon, kumquat and grapefruit were collected from the Royal Agricultural Station
Pang Da, Chiang Mai province. From the results of citrus greening disease and Citrus
Tristeza Virus testing showed that both citrus greening disease and Citrus Tristeza
Virus were not detected in all of lemon leaves samples. However, citrus greening
disease were detected in 33.3% of grapefruit leaves samples and Citrus Tristeza Virus
were detected in 66.7% of kumquat leaves samples. Seventeen shoots of lemon
which as citrus greening disease-free and Citrus Tristeza Virus-free shoots were

carefully maintained on basal MS medium containing 30 ¢/L sucrose. At the present,



the processes of selection and collection the disease-free citrus shoots are carried
out.

For surface disinfection of lemon shoot, the surface sterilization with 5% (v/v)
clorox solution and 0.1% (v/v) Tween-20 on a sonicator for 10 minutes were the
effective procedures exhibits low percentage of contamination and the highest
percentage of explant forming shoots. In case of kumquat and grapefruit, surface
disinfection on a sonicator can reduce the percentage of contamination although
these are still high value.

In the study of in vitro culture, lemon shoot bud explants could be grow on
basal MS medium or basal WPM medium containing 30 ¢/L sucrose. However, both

basal medium could not induce shoot multiplication and root induction.

5. Suggestions

Although lemon shoot bud explants were able to proliferate and differentiate
on basal MS medium or WPM medium containing 30 ¢/L sucrose, the obtained
shoots were unable to multiplication. Moreover the shoot was not achieved
spontaneous rooting. The research team believes that the study of the in vitro
propacation of disease-free Citrus spp., including investigation of the effect of culture
medium and plant growth regulators on the shoot induction and multiplication and
root induction in order to obtain healthy plantlets. These suitable conditions will be

the effective protocol for produce the disease-free plants.
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Abstract

The purpose of this research was to investigate the production of virus-
free Citrus spp. mother plant by using tissue culture technique. The healthy young
branch of Citrus spp. consisting of lemon, kumquat and grapefruit were collected
from the Royal Agricultural Station Pang Da, Chiang Mai province. From the results of
citrus greening disease and Citrus Tristeza Virus testing showed that both citrus
greening disease and Citrus Tristeza Virus were not detected in all of lemon leaves
samples. However, citrus greening disease were detected in 33.3% of grapefruit
leaves samples and Citrus Tristeza Virus were detected in 66.7% of kumquat leaves
samples. Seventeen shoots of lemon which as citrus greening disease-free and Citrus
Tristeza Virus-free shoots were carefully maintained on basal MS medium containing
30 ¢/L sucrose. At the present, the processes of selection and collection the disease-
free citrus shoots are carried out.

For surface disinfection of lemon shoot, the surface sterilization with 5%
(v/v) clorox solution and 0.1% (v/v) Tween-20 on a sonicator for 10 minutes were the
effective procedures exhibits low percentage of contamination and the highest
percentage of explant forming shoots. In case of kumquat and grapefruit, surface
disinfection on a sonicator can reduce the percentage of contamination although
these are still high value. In the study of in vitro culture, lemon shoot bud explants
could be grow on basal MS medium or basal WPM medium containing 30 ¢/L
sucrose. However, both basal medium could not induce shoot multiplication and

root induction.



