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Gyrinops walla (G.walla), oft en referred to as ‘Walla 
Patt a’  in Sinhala, is an indigenous, economically 
important plant renowned for its producti on of 
agarwood, which is a highly valuable resin having 
high economical, religious and traditi onal values. 
G. walla trees take 5-7 years on average to grow 
naturally before being inoculated to produce resin. 
In-vitro callus culture approach will shorten the 
agarwood resin producti on process signifi cantly 
and be important for the industry. However, ti ssue 
culture methods are challenging due to explant 
contaminati on and low rate of callus producti on. 
Therefore, this study aims to opti mize the conditi ons 
for surface sterilizati on and enhance in-vitro callus 
inducti on from leaf explants, with the objecti ve 
of advancing the development of cell suspension 
cultures for commercializati on. The experiment 
for surface sterilizati on and callus inducti on was 
conducted using leaf explants obtained from two 
G.walla mother plants, a home garden plant and 
a wild plant. The results suggested that 100 mg/L 
silver nitrate (AgNO3) and Dett ol provide a bett er 
surface sterilizati on for callus producti on, especially 
in explants from a home garden mother plant 
exhibiti ng a low contaminati on rate (31%) compared 
to explants from wild plants (80%). Also, explants 

from home garden mother plant possessed bett er 
callus inducti on (65%) compared to explants from 
wild mother plants (13%). Furthermore, this study 
suggests that AgNO3 can be used as an alternati ve 
for hazardous chemicals such as mercuric chloride 
(HgCl2), which is commonly applied in surface 
sterilizati on and, introducing ground callus to 
suspension cultures will yield an improved callus 
proliferati on in suspension cultures.
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Introducti on 

Gyrinops walla, a renowned member of the 
Thymelaeaceae family, can also be referred to as Walla 
Patt a or Sri Lankan Agarwood. This plant is nati ve to 
Sri Lanka’s wet and intermediate zones, where it is 
most common in lowland rainforests and gardens 
in homes (Jayaweera, 1982). The Thymelaeaceae 
family, parti cularly those in the genera Aquilaria 
and Gyrinops, is economically signifi cant due to its 
ability to produce agarwood, a fragrant wood used 
in religious rites, traditi onal medicine, and perfumes, 
due to its protecti ve mechanism against harm during 
plant injuries or infecti ons. G.walla is uniquely 
positi oned as the only agarwood-producing species 
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in Sri Lanka, even though Aquilaria species are more 
commonly known for their producti on throughout 
Southeast Asia (Subasinghe S. M. C. U. P, 2013). 

Physical harm or pathogenic infecti on frequently 
causes G.walla to produce more agarwood by 
causing dark, resinous patches to grow inside the 
heartwood. These patches are widely valued for their 
unique perfume and therapeuti c qualiti es. They are 
rich in sesquiterpenoids and chromone derivati ves 
(Takemoto H., 2008). The G. walla, a species protected 
under the Sri Lankan Flora and Fauna Protecti on 
Ordinance since 2004, is facing signifi cant strain due 
to increased demand for agarwood and its essenti al 
oil. Illicit harvesti ng and trade have led to a decline 
in wild populati ons. Despite being included in CITES, 
unlawful exploitati on conti nues due to the species’ 
fi nancial value (CITES, 2005). G.walla, a plant species 
with a prolonged lifespan and limited seed viability, 
is being researched for sustainable propagati on using 
novel strategies like plant ti ssue culture. This method 
can also produce agarwood chemicals in vitro, 
potenti ally alleviati ng strain on wild populati ons 
(Walker K., 2002). The generati on of undiff erenti ated 
plant cells in response to chemical or physical 
sti muli under controlled hormonal circumstances 
is a crucial step in ti ssue culture known as “in vitro 
callus formati on.” In additi on to making large-scale 
plant growth easier, this method generates useful 
secondary metabolites like agarwood resin. Arti fi cial 
neural network (ANN) techniques have been uti lized 
to forecast the ideal conditi ons for callus inducti on, 
enabling more producti ve and economical culti vati on 
procedures (Odutayo O. I., 2007). 

This research focuses on improving G.walla ti ssue 
culture techniques to maximize callus producti on 
and ensure sustainable commercial exploitati on. 
This creates a sustainable callus formati on strategy 
and synthesize secondary metabolites from cell 
suspension cultures to simplify the manufacturing 
process and reduce costs by using explants from 
various setti  ngs and to enhance G.walla’s usefulness 
in biotechnological and commercial situati ons.

Materials and Methods 

Leaf Explant Preparati on

Immature leaves were obtained from two G.walla 
plants; one which has been grown in the wild and 
the other one grown in a home garden, without any 
special growth conditi ons.  The process of explant 
preparati on was followed according to Selvaskanthan 
et al. (Selvaskanthan S, 2018). Fresh, immature leaves 
were collected and washed thoroughly under slow 
running tap water for 10 minutes prior to washing 
with Vim soluti on (which contained 5 drops of Vim 
liquid - sodium laureth sulfate and sodium dodecyl 
benzene sulfonate) for 1 minute and then rinsed 
thoroughly with running tap water for another 10 
minutes.

Surface Sterilizati on

An opti mized procedure of Selvaskanthan et al. 
(Selvaskanthan S, 2018) was conducted. The leaf 
explants were surface sterilized by gently sti rring 
manually with 10% (v/v) of Clorox and 0.6 ml of 
Tween-20 (Polyethelene (20) Sorbitan Monolaurate) 
for 10 minutes. This procedure was repeated with 
disti lled water containing 3 drops of Dett ol instead 
of Clorox (sodium hypochlorite) and Tween-20. 
Subsequently, the leaves were rinsed 3 ti mes inside 
the laminar fl ow cabinet (each rinse lasted for 
approximately 1 minute) with autoclaved disti lled 
water. Thereaft er, instead of the use of HgCl2, the 
leaves were dipped in a silver nitrate soluti on (AgNO3, 
100 mg/L) for a 1 minute. 

Establishment of Leaf Cultures

Culture establishment was conducted under asepti c 
conditi ons inside the laminar fl ow cabinet. Without 
rinsing the excess silver nitrate, the leaves were cut 
into approximately 1 cm x 1 cm pieces containing 
the midrib and cultured into culture tubes, 1 piece 
per tube. Culture tubes contained 10 ml of culture 
medium which consisted of MS medium, 3% (w/v) 
sucrose, 1% (w/v) Agar as the solidifying agent, 0.5 
mg/L of 6-Benzylaminopurine (BAP) and 3 mg/L of 
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1-Naphthaleneaceti c acid (NAA) were used as plant 
growth regulators (PGRs) at pH 5.8. The BAP and NAA 
concentrati ons were selected referring Munasinghe 
S.P et al  (Munasinghe S.P, 2022). The culture tubes 
containing leaf explants were then incubated in a 
dark cabinet at 25 ± 2 ℃. Established cultures were 
monitored every 2 – 3 days and data on contaminated 
samples and callus growth was collected. Aft er 2 
months, the formed callus was sub-cultured by 
carefully separati ng from leaf explants, and they 
were cut into pieces about 0.5 cm before inoculati ng 
into culture jars with 30 ml of culture medium that 
contained MS medium, 3% (w/v) sucrose, 1% (w/v) 
Agar, 3 mg/L NAA and 0.5 mg/L BAP at 5.8 pH, each 
jar containing 4 – 5 callus.  

Suspension Cultures

Sub-cultured callus (5 weeks old) was selected for 
subculturing. An amount of 1.2 ± 0.2 g callus was 
weighed from each petri dish. Inside the laminar fl ow 
cabinet and under asepti c conditi ons, one weighed 
sample of 1.4 g of callus was chopped into pieces 
about 0.2 cm and the other weighed sample of 1 g 
of callus was ground using mortar and pestle, before 
transferring them separately into media bott les, each 
containing a 100 ml of a liquid medium consisted of MS 
medium, 3% (w/v) sucrose, 3 mg/L NAA and 0.5 mg/L 
BAP at pH 5.8. Then the media bott les were covered 
using Aluminium foil to provide a dark conditi on and 
placed on the orbital shaker (130 rpm) for constant 
shaking. The suspension cultures were monitored 
every 2 weeks for growth and contaminati ons. They 
were subculture aft er 7 weeks. 

Results 

1. Leaf cultures and callus growth: to date, two 
trials of leaf cultures have been established.

Figure 1. Callus growth in leaf explants. a) Callus 
growth aft er 6 weeks (leaf explants obtained from 
home garden G. walla plant). b) Callus growth of a 
leaf explant aft er 6 weeks (explant obtained from 
wild G.walla plant).

Table 01.Comparison of Tissue culture parameters of 
G.walla.
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Total number of 
samples 55 55

Total number of 
contaminated 

samples
17 44

Rate of 
contaminati ons  31% 80%

Total number 
of samples that 

developed callus
36 7

Rate of callus 
inducti on 65% 13%

Time for callus 
inducti on 16 days 28 days

Figure 2. Graphical interpretati on of the cumulati ve 
rate of callus growth of G.walla leaf cultures (culture 
initi ati on of explants obtained from the wild plant 
was conducted 17 days aft er the culture initi ati on of 
explants obtained from home garden plant). 
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2. Cell suspension cultures

Figure 3. Cell suspension cultures of G.walla. a) Cell 
suspension culture containing ground callus. b) Cell 
suspension culture containing chopped callus. c) 
Microscopic view (40x) of callus obtained from the 
cell suspension culture containing ground callus. d) 
Microscopic view (40x) of callus obtained from the 
cell suspension culture containing chopped callus.

Discussion  

T wo diff erent environmental conditi ons were tested 
when selecti ng the mother plants for ti ssue culture. 
One is from a home garden without any special care 
or conditi ons (1-2 year old plant), and the other one 
was from wild conditi ons where the plants were 
surrounded by a variety of other plant species (more 
than 2 years old plant). Previous research studies 
have frequently focused on callus inducti on using 
mother plants culti vated in greenhouses and even 
plants culti vated from G. walla seeds intended to 
produce callus (Senaratne W. A., 2017). Furthermore, 
it has been the common practi ce to produce callus 
using immature explants and young mother plants, 
which are typically 1 to 2 years old (Wickramasinghe 
D., 2018). This research demonstrates that explants 
from mother plants can be used to produce 
calluses, regardless of the age of the mother plant 
but with the immature leaf explants. Mature leaf 
explants give low rate of the callus producti on and 
higher contaminati ons. This strategy emphasizes 
adaptability and practi cality, making it applicable to 

real-world situati ons where G. walla plants are not 
always available in opti mal conditi ons. 

In leaf cultures (Figure 1), callus was mainly observed 
around the edges. Aft er 6 weeks, explants that 
developed callus were observed to be completely 
covered by callus, with the height of about 1 cm. 
In this study, callus inducti on was detected 16 days 
aft er the culture establishment of explants obtained 
from home garden plant. According to (Munasinghe 
S.P, 2022) it took 19 days for the callus inducti on. 
Therefore, the PGR combinati on (3 mg/L NAA and 0.5 
mg/L BAP) can be taken as an eff ecti ve combinati on 
to develop callus. Explants of the home garden 
mother plant were observed to have the highest 
callus inducti on rate which was 65% while the 
explants obtained from the wild mother plant had 
callus inducti on rate of 13%.

T he surface sterilizati on process is very important 
because the microbial contaminants that are present 
in the surface of the explants can be eliminated in 
this process. While mercury (II) chloride (HgCl2) is 
commonly used in surface sterilizati on research, we 
chose to use silver nitrate (AgNO3) instead. Because 
of its great potenti al for poisoning, mercury chloride 
(HgCl2) is extremely toxic, carrying serious health 
concerns and necessitati ng careful handling and 
disposal protocols (WHO, 2017). AgNO3 is safer and 
less hazardous than HgCl2, a persistent environmental 
contaminant. Its silver ions have broad-spectrum 
anti bacterial acti on, making it less harmful to the 
environment and less harmful to the food chain. 
Eff ecti ve anti septi c and disinfectant properti es 
of Dett ol which has chloroxylenol as the acti ve 
ingredient against microorganisms, Clorox which is 
consisted of sodium hypochlorite used as a broad-
spectrum disinfectant and Tween - 20 that enhances 
the effi  ciency of other sterilant can be identi fi ed as a 
good combinati on for surface sterilizati on to be used 
along with AgNO3. However, there are some other 
aspects such as plant species, physiological stage of 
the plant and wild plant’s exposure to a wide range 
of neighboring fl ora and environmental conditi ons, 
which naturally enhance the risk of contaminati on. 
Although home garden plants do not require special 

a
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growth conditi ons or care, they tend to be somewhat 
healthier than wild plants. This is due to the reduced 
environmental interrupti ons aff ecti ng their growth. 
Additi onally, wild plants are more infl uenced by other 
plant species compared to culti vated plants and 
home garden plants and they are more suscepti ble to 
contaminati on. Consequently, leaf cultures derived 
from wild mother plant are likely to exhibit a higher 
contaminati on rate. 

Regarding the cell suspension cultures (Figure 3), 
ground callus shows bett er cell suspension growth 
compared with the chopped callus cell suspension 
culture. The suspension culture prepared with 
chopped callus exhibited less growth and less cell 
separati on compared to the growth observed in the 
ground callus. When grinding, cells were separated 
well, and the surface area increased for nutrient 
absorpti on. Therefore, it is benefi cial for callus 
inducti on as more surface area is aff ected by the 
culture medium and a higher growth can be expected, 
on the contrary when chopped, larger fragments 
provide less surface area for nutrient absorpti on.

Conclusion 

Our results suggested that the immature leaf 
explants and home-grown mother plants give less 
contaminati on and high callus producti on in G. walla. 
A combinati on of silver nitrate (AgNO3) and Dett ol 
show bett er reducti on in surface contaminati on 
in the leaf explants. Much bett er cell suspension 
cultures can be obtained grinding the callus rather 
than chopping them.  
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