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Preface
Sugarcane white leaf (SCWL) disease was first discovered in Thailand in 1956. Shortly after
its discovery, it became considered a disease that only occurred locally in the northeastern and
northern areas of Thailand, although the damage to sugarcane crops was severe in the places where
it occurred. Recently, however, SCWL disease has spread rapidly, now affecting almost all of
northeastern Thailand and also occurring in many sugarcane production areas in northern and
central Thailand. As a result, SCWL disease is now considered the disease with the most serious
effect on sugarcane production in Thailand. According to the estimates of Khon Kaen University
and the Department of Agriculture, the loss of sugarcane revenue caused by SCWL disease
amounts to approximately 30–40 million USD per year (Hanboonsong et al., 2016), and the total
damage could be as much as 10 times the yearly damage if one includes the effect on related
industries. In addition, SCWL disease has spread to other countries in Southeast Asia, causing fear
of increased economic damage.
Here, we conducted a research project with the purpose of developing methods for the
production and distribution of healthy seedcane to reduce the damage caused by SCWL disease.
As part of this project, we referred to much of the leading research from 2011 until 2021. This
manual summarizes our results and is available in both Thai and English. Chapter 1 describes a
healthy seedcane propagation method and an effective seedcane distribution method. Chapter 2
presents a protocol for SCWL disease detection technology that uses the loop-mediated isothermal
amplification (LAMP) method, which we believe can be learned in a short time, even by
technicians without previous experience in molecular biology. Chapter 3 describes a protocol for
producing healthy seedcane using the tissue culture method.
We expect that, as a measure against SCWL disease in each region of Thailand, in particular
domestic sugar factories, will make use of the Thai language version in the production and
distribution of healthy seedcane, so that the damage caused by this disease will be reduced. We
also hope that the English version will similarly be used, not just in Thailand, but also in other
countries that are affected by SCWL disease.
Finally, we are deeply grateful to the Office of the Cane and Sugar Board, who willingly agreed
to publish this manual and assisted in the editing.
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1. Characteristics of sugarcane white leaf disease and its vector insects
The pathogen of the sugarcane white leaf (SCWL) disease is phytoplasma. In the
initial stage of the disease, there may be a decrease in growth rate, pale green of the
leaves, and subsequently, whitening and death of those leaves (Figure 1.1). At
present, there are no effective treatment for SCWL disease.

Figure 1.1. A field in which almost all the sugarcanes have SCWL disease
There are two ways through which the SCWL disease spreads. The first is
through vector insects. Two known vector insects are the leafhoppers,
Matsumuratettix hiroglyphicus and Yamatotettix flavovittatus (Figure 1.2), of which
M. hiroglyphicus is considered the more important in terms of the insect’s density in
the sugarcane field and disease transmission efficacy. The second is through vertical
transmission when sugarcane that has been infected with SCWL disease is used as
seedcane (Figure 1.3). It is believed that the spread of the disease in commercial
sugarcane fields is a mixture of both types of transmission. However, the movement
ability of vector insects is low, and there are insecticides that are effective against
them. Therefore, by applying methods to produce healthy seedcane, such as the
tissue culture method, propagating seedcane by planting it in large, isolated fields,
and using insecticide, it is possible to produce healthy seedcane, even in areas
infested with SCWL disease.
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Figure 1.2. Vector insects for SCWL disease
A) Matsumuratettix hiroglyphicus (length: 4 mm)
B) Yamatotettix flavovittatus (length: 5-6 mm)

Figure 1.3. Distribution of SCWL disease in a field. Diseased plants are often
arranged linearly along a ridge. The probability that the seedcane was already
infected with SCWL disease is high.
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2. A propagation method for producing healthy seedcane
Sugarcane is a plant species grown through vegetative propagation. Its
intergenerational propagation rate is low, multiplying by a factor of approximately
seven to ten per generation only. Therefore, to propagate a sufficient amount of
healthy seedcane, a propagation system extending across multiple generations is
required. The current propagation method considers the concept of a field sanitary
level and the management cost associated with seedcane propagation. The field
sanitary level of the first generation, which has the greatest influence on whether
stalks may spread the SCWL disease, is set to the highest and most expensive level,
AAA. With each subsequent generation, the field sanitary level is set to AA and then
A, and the cost is reduced. Figure 1.4 depicts a general overview of the propagation
system. If a sufficient amount of seedcane can be produced with two or fewer
propagations, then it is possible to lower the risk of SCWL disease even further by
reducing the number of propagations. Healthy seedling production is achieved only
in newly planted fields, and ratooning is not recommended.
Propagation stage

Field sanitary level

Propagation process

Tissue culture/Introduction from a low-risk region

Stalks
1st Generation

(AAA)

Primary propagation field

2nd Generation

(AA)

Secondary propagation field

3rd Generation

(A)

Tertiary propagation field
Distribute as seedcane to general farms

Management system corresponding to the field sanitary level
Field sanitary
level

Isolated
field

Large area
cultivation

Removal of
diseased stalks

Pesticide
treatment

Evaluation of the latent
disease probability

AAA

〇

〇

2 times/month

〇

〇

AA

〇

×

1 time/month

〇

〇

A

×

×

1 time/month

〇

〇

〇: recommended

×:no-recommended

Figure 1.4. Complete overview of a healthy seedcane propagation system.
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2.1. Obtaining healthy seedcane as a source for propagation.
Healthy seedcane as a source for propagation, produced by the meristem tissue
culture method, can be obtained from the Department of Agriculture Extension, the
Department of Agriculture, and the sugarcane mills. It can also be produced through
the meristem tissue culture method at sugar-mill factories (for more information, see
the protocol in Chapter 3). In addition, it is possible to buy healthy seedcane from
low-risk regions. When purchasing seedcane from a low-risk region, it is necessary
to use methods such as the loop-mediated isothermal amplification (LAMP) method
(see Chapter 2 for the protocol) in order to verify that the seedcane does not have
SCWL disease.
2.2. Propagation field management
Seedcane should be cultivated according to common practices and the following
risk reduction techniques for SCWL disease infection.
Field characteristics
To limit the risk of SCWL disease, it is best to plant sugarcane in a large field, as
far away as possible from other sugarcane fields. It is possible to combine adjacent
fields in order to create a large field. The propagation field should have no
commercial sugarcane fields within it. Furthermore, the infection risk of SCWL
disease can be further reduced by using a design in which the primary propagation
field is surrounded by the secondary and tertiary propagation fields.
Control of vector insects through the insecticide usage
To limit the risk of SCWL disease, insecticide should be used in the primary
propagation field, where the field sanitary level is AAA. The use of insecticide is
also recommended in the secondary propagation field (level AA) and thereafter. The
previously discussed two SCWL disease vector insects occur at different times
(Figure 1.5). Considering this, as well as the cost of insecticide, we describe four
insecticide application plans. One of these plans should be selected based on the
prevalence of SCWL disease in the region where the healthy seedcane is produced.
Commonly, the density of the vectors is higher in sandy soil areas. If the density
of the vectors around the propagation field is low, the pesticide usage can be reduced.
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Plan A:
Apply the insecticide at planting time and two times before the peak times of the two
vector insects (M. hiroglyphicus and Y. flavovittatus) from the end of April to May
and around July (total three applications).
Plan B:
Apply the insecticide at planting time and one time before the peak time of the main
vector insect (M. hiroglyphicus) from the end of April to May (total two
applications).
Plan C:
Apply the insecticide before the peak times of the two vector insects from the end of
April to May and around July (total two applications).

Number of vector insects

Plan D:
Apply the insecticide before the peak time of the main vector insect (M.
hiroglyphicus) from the end of April to May (one application).
－ Matsumuratettix hiroglyphicus
－ Yamatotettix flavovittatus

0

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 1.5. Dynamics of the two vector insects in North-East Thailand and
recommended times for applying the insecticide. Arrows in the figure show the
recommended insecticide application times.
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Presently, the insecticide that can be used for the SCWL disease vector insects
is Imidacloprid WP (trade name Provado). And Dinotefuran 1% GR (trade name
Starkle G) is in the process of applying for label expansion. With regard to spraying
a liquid chemical, when the height of the sugarcane plant is low, a knapsack sprayer
is relatively easy to use, but sufficient care is needed to prevent human exposure to
the liquid chemical when the plants are tall (Figure 1.6A). An alternate method is to
use aerial spraying, such as by an unmanned helicopter (Figure 1.6B). As a laborsaving method, it is possible to conduct simultaneous application of Dinotefuran 1%
GR and fertilizer by machine, while planting and fertilizing. For example, at the
timing of fertilization in the beginning of rainy season, Dinotefuran 1% GR can be
applied, putting into the device with fertilizer (Figure 1.7 A, B and C), to cover the
invasion of vector insects.

A)

B)

Figure 1.6. Methods of applying liquid type insecticides.
A) Knapsack sprayer; B) Unmanned helicopter
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B)

C)

Figure 1.7. Simultaneous application of granule type insecticide and fertilizer.
A) Putting granule into device with fertilizer.
B) Putting fertilizer and granule alternately like layers, granule is applied to the
plant-foot with optimum uniformity.
(e.g. fertilizer 25kg⇒ granule 2-4kg⇒fertilizer 25kg⇒granule 2-4kg)
C) Application in the field
How to find and remove stalks that have been infected
Inspect all the stalks to find and remove those that have infected SCWL disease
twice a month in the primary propagation field (field sanitary level AAA), and once
a month in the other propagation fields. In many cases, before turning white,
sugarcane that has been infected with the SCWL disease will show symptoms
including low height and pale green leaves. If sugarcane with such symptoms is
found during the inspection, SCWL disease infection should be suspected, and all
such sugarcane should be uprooted and removed from the field.
If a stalk shows symptoms of SCWL disease, then there is a high possibility that
the disease has infected the seedcane. Therefore, it is necessary to remove all the
stalks that are believed to come from the same seedcane. To do this, the diseased
stalk should be taken as the center point, and all stalks within 2.5 m of it in each
direction (i.e., a total length of 5 m) along the same ridge should be removed (Figure
1.8). Moreover, even though the vector inoculates the SCWL disease pathogen into
the leaves, the pathogen moves and multiplies in the roots. Thus, if the underground
portion is left, then there is a chance that sugarcane infected with SCWL disease will
sprout and become a new source of infection. Therefore, it is necessary to completely
remove all parts of the plants, including those that are underground.
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2.5m

2.5m

Figure 1.8. Methods of removing stalks infected with SCWL disease. Taking the
diseased stalk as the center point, remove all the stalks (and their roots) within a 2.5
m radius along the same ridge.
Quality evaluation by estimating the latent infection ratio
Before using seedcane to propagate the next generation and distributing it to
farmers, it is recommended to estimate the latent infection ratio and to perform a
quality evaluation. Chapter 2 describes a protocol for a method that detects latent
infection using the LAMP method.
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3. Distribution of healthy seedcane
If healthy seedcane has been distributed in small quantities, and many small-scale
sugarcane fields have been planted using those seedcane, then there is a high risk of
SCWL disease reinfection through the invasion of vector insects from surrounding
fields. Therefore, in order to use healthy seedcane effectively, it is necessary to group
the fields into a cluster and replace all current seedcane with healthy ones (Figure
1.9). In the next season, by using the low-risk stalks within the cluster as the
seedcane, it is possible to effectively turn any of the chosen areas into a low-risk
area for SCWL disease.

Figure 1.9. Seedcane distribution methods for a SCWL disease infected area. Shown
here is an example of how to effectively distribute enough healthy seedcane for 36
fields (green color in A), as part of an area with 100 fields. If distributed in small
quantities, as in (A), then low-risk seedcane fields will quickly be at high risk of the
SCWL disease infection through a vector-based contagion; however, if replaced
with a cluster, as in (B), then the inner area of the field will remain at low risk.
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4. Results of a healthy seedcane propagation verification test
We continued the seedcane propagation three years (Figure 1. 10). We purchased
seedcane from a region where the prevalence of SCWL disease was low and
cultivated it in a propagation field in Udon Thani Province. We applied an
insecticide, following Plan B, only in the primary (AAA; See Figure 1.4)
propagation field. The result was that we succeeded in producing seedcane with an
extremely low disease incidence rate (Figure 1.10).

1st generation

Approximately 13 ha
(2017-2018)
Diseased stalk ratio: 0.0011%

Approximately 5.3 ha
(2018-2019)
Diseased stalk ratio: 0.0029%

2nd generation

Approximately 5.3 ha
(2018-2019)
Diseased stalk ratio: 0.0057%

Approximately 40.5 ha
(2019-2020)
diseased stalk ratio: 0.027%

Figure 1.10. Results of the healthy seedcane propagation verification test.
Compared to newly planted fields in the same region, the disease prevalence was
extremely low. The infection ratio of commercial sugarcane fields around the
verification test area were 0 to 20% (from 32 fields, mean 5.8%: median 5%).
Several farmers and sugar mills commended these products as acceptable and
healthy seedcane.
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In this chapter, the SCWL disease detection technique by LAMP method is
described. This detection process can be carried out in a common room by a
detection kit and simple equipment etc. as described in section 1 and 2. Even though
the protocol is simple, the sensitivity is similar as conventional PCR and real-time
PCR.

1. Reagents provided with the SCWL disease LAMP kit

In this protocol we used the detection kit provided from Kaneka corporation.
[Kit components (48 test)]
 Phytoplasma detection dry reagent
8 well × 6 strips
 Phytoplasma reagent dissolve solution
230 µl × 6 tubes
 Phytoplasma extraction solution
1 ml × 48 tubes
 Phytoplasma positive control
× 6 tubes
 Phytoplasma control dissolve solution
100 µl × 1 tubes
 Phytoplasma negative control
20 µl × 6 tubes
 Mineral oil
200 µl × 6 tubes
[Storage]
- This kit should be stored dry at room temperature (20–25 °C)
- The remaining unused product (phytoplasma detection dry reagent) should be
stored in the foil pouch and resealed with desiccant.

2. Equipment and reagents not provided with the kit

 Microtube for preparation of test solution (1.5 mL)
 Pipettes and pipette tips (tips with filters are recommended to prevent
contamination)
 Disposable gloves
 Razor
 Paper towel
 Crushed ice
 70% Ethanol
 Microtube rack
 Plate rack
 Vortex mixer
 Centrifuge for microtube
 Centrifuge for test tube
 MyAbscope®

Experimental Protocol: Detection of SCWL Disease by LAMP Assay
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3. Protocol

DNA extraction from sugarcane leaf sample
This kit contains a one-step DNA extraction buffer (phytoplasma extraction
solution), to extract sugarcane phytoplasma DNA from sugarcane calyx or leaf
vascular bundle, and a protocol for extraction.
If you use a DNA extraction kit available on the market or the CTAB method to
extract the DNA, keep the concentration of DNA samples to 5 ng/µl or more.
Add 100 µl

Collection of plant vascular bundle
sample
Collect the calyx or leaf from the
subjected sugarcane separately in clean
polyethylene bags for each tree. After
placing in the bags, the specimen should
be handled with a tweezer. The tip of the
tweezer must either be burned with an
alcohol lamp or burner or be wiped with
a paper towel moistened with ethanol.
Use a new razor to cut the vascular
bundle part of a calyx or leaf down to a
size of 2 x 5 mm (figures left).

95 °C for 10 min

DNA extraction
Completely soak the small piece of
sugarcane leaf vein in 100 µl of
phytoplasma extraction solution in the
microtube. Incubate the microtube at
95°C for 10 min. The solution obtained is
the DNA solution. The solution is ready
to use, and neither eliminating the
sugarcane piece from the solution nor
vortexing the solution is required.
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Important
Phytoplasma tends to localize at the phloem, so it is crucial to collect the part that
contains the vascular bundle. Use new razor blade to each sample for reducing the
contamination risk. Take extra care not to contaminate the phytoplasma extraction
solution. It is extremely difficult to make an accurate inspection once contaminated.
Store any unused phytoplasma extraction solution to microtubes: 100 µl of the
solution per microtube; store at -20 ˚C in a dark place. If you use either a DNA
extraction kit available on the market or the CTAB method to extract the DNA, keep
the DNA sample concentration at 5 ng/µl or greater.
Preparation of test solution
- Prepare the positive control solution
Add 10 µl

• Ensure that the phytoplasma
positive control tube is at 25 °C
(1 tube per test)
• Add 10 µl of phytoplasma
control dissolve solution
• Centrifuge the tube briefly and
collect the solution at the bottom
of the tubes (hereafter, this
process is referred to as “spin
down”)
• Leave it at room temperature for
5 min
• Gently tap the tubes several
times, or vortexing the tube
three times for approximately 1
s on a vortex mixer, and spin
down.

Experimental Protocol: Detection of SCWL Disease by LAMP Assay
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Apply
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64 °C for 60 min
Add 23 µl

Add 2 µl

• Put a strip of the tube of
Phytoplasma Detection Dry
Reagent at 25°C (1 tube per test)
on rack
• Add 23 µl of phytoplasma
reagent dissolve solution, then
spin down
• Leave it on ice for 2 min
• Add 2 µl of DNA sample

DNA sample

• Apply DNA amplification at
64 °C for 60 min
• Apply enzyme inactivation at
80 °C for 2 min
• Assess the result

Experimental Protocol: Detection of SCWL Disease by LAMP Assay

4. Validation of the results
- Assessment of success or failure of the test

Positive Negative

MyAbscope detection
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After 60 min of incubation, terminate the reaction by heating for 2 min at 80 °C.
Normally, a positive control solution appears fluorescent, while a negative control
solution does not. However, the phytoplasma positive control may have been
introduced to the tube accidentally. In this case, check the handling and try to test
again.
Important
To avoid a false result, assess the result immediately after the reaction is
complete. It is recommended to first start with negative control tube to avoid the
contamination by carried over. The reaction should be done in a stagnant working
condition.

Protocol for Production Disease free Sugarcane Seedling Through a Tissue Culture Process
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In this chapter, the SCWL disease-free sugarcane seedlings production
method by tissue culture process is described. The overall flow is shown in Figure
3.1.
1. Screening of disease-free sugarcane stalks in order to obtain the specimens
that are used in the production of tissue culture seedlings
Seedling preparation for meristem culture
1. Select 8–10-months-old stalks without SCWL disease from the field.
2. Cut the stalks into pieces, 1 eye per piece, then clean and soak them in hot water at
50 °C for 2 hours.
3. Soak in antifungal agent for 5 minutes.
4. Plant in sand box.
5. When the seedlings germinate, move them to the greenhouse, then water and
fertilize for 6 weeks.
2. Production by tissue culture processes
Meristem Culture
1. Cut the sugarcane seedlings that are about 8–15 cm high close to the stalks and
clean.
2. Cut the meristem under the stereo microscope in laminar airflow.
3. Culture the meristem in MS1 medium.
4. Place the culture bottle on rotary shaker at 100 rpm for 1–3 months.
(Shoot multiplication)
Culture the shoots in MS2 medium for shoot multiplication.
3. Phytoplasma detection of shoots in production process
PCR/LAMP technique
4. Shoot multiplication by tissue culture
Multiply the sugarcane shoots that are free from phytoplasma into 400 bottles. Use the
bioreactor system to get 100,000 shoots.

Figure 3.1. Production of disease-free sugarcane seedlings through the tissue
culture process
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1. Screening of sugarcane stalks to obtain a specimen used in tissue culture
seedling production
Sugarcane stalks aged 8–10 months that are healthy and purebred from the
source without an outbreak of severe SCWL disease should be prepared for tissue
culture. Cut the sugarcane stalks between the internodes into pieces, one bud per
piece. Soak in hot water at 50 °C for 2 h. Leave them for one night, then immerse in
52 °C water for 30 min (dual hot water treatment) (Figure 3.2 (a)). Plant them in a
plastic box using sand) that was sterilized as a culture material (Figure 3.2 (b)). Place
the box in the laboratory or a greenhouse with an insect net. Two to four weeks after
planting, the height of the seedlings should be 8–15 cm and have a germination rate
of at least 90%. Cut the seedlings close to the base of the plant. Clean, peel, and
disinfect. Some leaves should be cut randomly for phytoplasma testing, which
causes SCWL disease, using the PCR technique.

(a)

(b)

Figure 3.2. Disease-free sugarcane stalks used in the production of tissue culture
seedlings. Panel (a) shows a dual hot water treatment, while Panel (b) shows a
cultivation in sterilized sand and culture in a greenhouse with an insect net for 2–4
weeks.
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2. Seedling production by tissue culture processes
Select the seedlings that are healthy and approximately 8–15 cm tall. The
seedlings should be cut close to the stalks and washed with clean water. Cut off the
stem at about 5 cm from the base, wash with dishwashing liquid twice, and rinse
thoroughly; immerse them in 70% ethanol and shake for 1 minute, pour out the
ethanol, then immerse in 38% bleach solution and shake for 8 min; pour out the
bleach solution (or immerse in 20% bleach solution and shake for 20 min). Then,
move the bottle to the laminar airflow, after the explants are rinsed 3–4 times with
sterilized distilled water. Peel the leaves of the sugarcane shoots layer by layer down
to the meristem, which has a domed shape. Cut the meristem to the smallest size of
approximately 0.3–0.5 mm (Figure 3.3 (a) and (b)). Under a stereo microscope for
precision and clarity, there should be no visible part of the vascular tissue, as that
may cause the SCWL disease to attach.

(a)

(b)

(c)

(d)

(e)

Figure 3.3. The process of tissue dissection and culture in culture media: (a) cutting
the meristem under stereo microscope; (b) sugarcane meristem; (c) and (d) culturing
the meristem in MS1 medium; (e) transferring the explant to MS2 medium.
Culture the meristem in MS1 (MS + GA 0.1 mg/L + IBA 0.01 mg/L+ sucrose 20
g/L) liquid medium to elongate the meristem (Figure 3.3 (c) and (d)). Place the
culture bottle on a rotary shaker at 100 rpm for 1–3 months; the meristem should
have a length of 3–4 mm. Transfer the explant to MS2 (MS+BA 2 mg/L+ sucrose
20 g/L) solid medium for multiple shoot induction, and subculture every 3 weeks to
obtain enough shoots (Figure 3.3 (e)). At every stage of the subculture, the multiple
shoots produced from each young shoot must be sampled and detected for
phytoplasma using PCR techniques.
In the meristem culture, 75% of the meristem should be elongated in MS1 liquid
medium. The survival rates of meristem in MS1 liquid medium and MS2 solid
medium should be 0–30%.
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Sampling for the detection of phytoplasma should be performed after the
sugarcane shoots increase from 1 to 2 shoots in the MS2 medium. Separate the first
shoot for phytoplasma detection and the second shoot for multiple shoot induction,
and check the results of the specimens for whether the shoots are free from
phytoplasma (Figure 3.4). When a sufficient quantity of the shoot has been obtained,
the shoot should be transferred to MS3 (MS + 0.1 g/L activated charcoal + sucrose
30 g/L) solid medium for approximately 30 days for root induction (Figure 3.5).
After that, the seedlings can be transplanted to the nursery system.

Figure 3.4. Multiple shoot induction in MS2 medium.

Figure 3.5. Root induction in MS3 medium.
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3. Process of transplanting seedling
1. To prepare the seedling for outdoor conditions (hardening), take the tissue culture
bag or bottle from the culture room and keep it at room temperature for 1 night
(24 hours) (Figure 3.6 (a)).
2. Wash the agar from the roots of the seedlings (Figure 3.6 (b) and (c)).
3. Plant the seedlings in planting material (peat moss: coarse sand = 2:1) in a 50-cell
nursery tray (Figure 3.6 (d)).
4. Water seedlings once a day and fertilize with a 25-5-5 liquid fertilizer every 15
days.
The nursing time is approximately 45 days. Sugarcane seedlings with a height of
15 cm can be planted in a plot (Figure 3.6 (e) and (f)).

( a)

( b)

( c)

( d)

( e)

( f)

Figure 3.6. Process of transplanting seedlings: (a) hardening; (b) and (c) washing the
agar from the roots of the seedling; (d) planting seedlings in planting material; (e)
and (f) sugarcane seedlings ready for planting at the age of 45 days.
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4. SCWL disease free testing of seedlings in the production process
The process for sampling sugarcane seedlings and screening for the cause of
SCWL disease using PCR techniques is as follows.
Step 1:
Phytoplasma infection is tested in seedlings prior to cutting the meristem using PCR
techniques (16s rDNA based nested-PCR and secA gene). The leaves of each
seedling are cut from the same sugarcane bud for one sample for phytoplasma
detection and multiplication of the meristem, only in the number that are free from
phytoplasma (Figure 3.7).
Step 2:
Any detection of SCWL phytoplasma on the sugarcane tissue culture plant through
PCR techniques should be tested twice and at least 10 samples per batch should be
randomly sampled for each detection. The first test should be performed when
sugarcane shoots have increased from 1 to 2 shoots—the first shoot should be used
for phytoplasma detection, and the second shoot for multiplying shoot induction
when the results of specimens indicate that shoots are free from SCWL phytoplasma.
The second test should be performed before tissue multiplication in each round.
At least 10 tissue samples from all numbers of sugarcane shoots that have been
cultured in MS2 media should be tested for SCWL phytoplasma. Any disease-free
SCWL phytoplasma plants should be cultured and propagated in a temporary
immersion bioreactor system with double glass bottles (Figure 3.8).

Figure 3.7. Culture bottles and culture bags of sugarcane seedlings in temperature
and light controlled clean room.
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Figure 3.8. Multiple shoots in a temporary immersion bioreactor system with double
glass bottles.
Step 3:
Sample sugarcane seedlings for phytoplasma detection before shoot multiplication
in each cycle according to the production plan, using a system to control multiple
shoots separated by the number of meristems tested for phytoplasma (Figure 3.9).
Then, transfer them into double glass bioreactor culture bottles. By placing 10
seedlings per set, cultivation for 14 days can increase the number by 10–20 times.
Each time the number of shoot subcultures increases, sampling must be performed
to detect the cause of SCWL disease before continuing to subculture for every cycle.
Step 4:
The sugarcane seedlings transfer to plastic nursery tray and keep in the net house. In
this step, sampling of sugarcane seedlings for phytoplasma detection in each number
should be performed.

Figure 3.9. Sampling of sugarcane seedlings for screening the cause of SCWL
disease in each cycle of multiple shoot induction.
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5. Standard of sugarcane seedlings by tissue culture process
1. At this point, the seedlings should have been processed using the tissue culture
technique to produce clean sugarcane varieties.
2. The seedlings should be genetically identical to the original plant. Stems and roots
should be healthy, free from plant diseases, insect pests, and deficiency symptoms.
3. The seedlings should be approximately 45 days old, with a height of not less than
15 cm measured from the plant's base to the base of the top leaf.
4. The seedlings should be in a plastic nursery tray—50 plants per tray (Figure 3.10).

Figure 3.10. Sugarcane seedling
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