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In an ideal world, teaching science to secondary school students means not just teaching students the science
content, but also teaching them how to be scientists. Students should experience all aspects of being a
scientist. They should not only master current scientific knowledge found in text books, they should also learn
how to create new knowledge through scientific research and then have the opportunity to publish their work. At
StudentScientists.org, we work towards the development of science curricula that include opportunities for
original student research and publishing. As a part of that effort, we have established the Thailand Scholastic
Journal of Science.

The Thailand Scholastic Journal of Science is a bilingual, entry-level, peer-reviewed journal publishing papers
in Thai and/or English. TSJOS is dedicated to publishing the original research of Thai secondary students in all
areas of STEM. Papers submitted to the TSJOS undergo an editorial selection process and are then forwarded
to a Reviewer. Following review and acceptance, the editor consults with the author to revise the paper
according to the suggestions of the reviewer. Upon revision, the paper is sent to the reviewer for final approval.
The TSJOS publishes papers on a rolling basis as they are received throughout the year.

The Thailand Scholastic Journal of Science is an online, Open-Access Journal with no author or submission

fees. Papers in the TSJOS are copyrighted under Creative Commons licensing, CC BY. Authors retain the
copyright to their papers published in the Journal.
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The Thailand Scholastic Journal of Science provides a venue for Thai secondary school students to publish
original research conducted as part of their science and STEM studies. The TSJOS employs a rigorous
selection, review and revision process to ensure that papers published constitute an original, valid contribution
to human knowledge.

The Journal publishes entry-level research that has been conducted by Thai students in the secondary school

laboratory. Papers are published in all areas of STEM and the natural sciences on any topic related to a typical
secondary science curriculum. Special research conducted by secondary school science students outside their
normal courses using university or industry laboratory facilities are not appropriate for publishing in the TSJOS.

Entry-level research is not expected to address cutting-edge topics. Entry-level papers represent a small but
meaningful contribution to extending our knowledge of the world. Papers published in the TSJOS must
demonstrate originality, validity, and high levels of confidence in the findings, and offer suggestions for
continuing research.
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From the Editor

Dear Reader,

We, the Editorial staff of the Thailand Scholastic Journal of Science are proud to present the 2023 issue of
our journal. After the disruption of COVID during our first two issues, we feel that we are becoming well
established as a journal publishing the research findings of Thai secondary school students.

This year we publish five papers covering a range of fields: Mosquito Ecology, Lunar Agriculture, Oyster
Culture, Agricultural Pest Control, and Rubber Latex Processing. All of the papers in this issue are
authored by students from the Princess Chulabhorn Science High Schools group of schools. We hope to
begin publishing the research of students from other secondary schools in Thailand in future issues.

We hope you find these papers useful for their findings and also in helping to inspire young Thai students
to gain the confidence to conduct research of their own and submit their findings to TSJOS for
publication. More information on publishing papers in TSJOS can be found at https://www.tsjos.org.

Respectfully,

Dr. Jonathan Eales
Editor-in-Chief, TSJOS
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Ecology of Mosquito Larvae in Varied Ecosystems
near Ratchamongkol Beach, Trang

Piyapat Pethin, Surayut Dongjan and Kalyakon Tongsongsom
Chulabhorn Science High School, Trang
196 Moo 4, Trang-Sikao Rd., Bangrak, Amphoe Muang, Trang, 92000
Email: piyapatpet2295@gmail.com

Abstract

The diversity and quantity of mosquito larvae in four distinct areas near Ratchamongkol Beach, Trang,
Thailand as a function of environmental factors was studied. The four selected areas were beach forest,
swamp forest, mangrove forest, and forest near the residential area. The study aimed to examine the
relationship between water quality in the breeding sites and the types and quantities of mosquito larvae
present. Ovitraps, designed to attract mosquitoes to lay eggs, were installed at each site, with 20 traps per
site. Mosquito larvae and water quality data, including measurements of water surface temperature, water
temperature, pH, and electrical conductivity, were collected on a weekly basis for seven weeks. The study
identified two types of mosquito larvae, namely Aedes albopictus and Culex sitiens, with the highest
quantity of Aedes albopictus larvae found in the residential forest area and the highest quantity of Culex
sitiens larvae found in the mangrove forest area. Water quality analysis revealed no significant differences
in average water temperature, surface temperature, pH, and electrical conductivity among the four areas
and between ovitraps with and without mosquito larvae, except for the mangrove forest area, where there
were differences in electrical conductivity between ovitraps with and without mosquito larvae.

WWW.ts]0s.org

Keywords: mosquito larvae, ovitrap, dengue fever, mosquito ecology

I. INTRODUCTION

Thailand has been reporting dengue fever
outbreaks for over 60 years, with the disease
spreading throughout the country, including Trang
Province, which experiences outbreaks every year.
From 2015 to 2019, the number of dengue fever
cases ranged from 1,860 to 9,961 cases per year.
Sikao district in Trang consistently had a high
number of cases and ranked among the top in the
province every year. In 2019, it was the district
with the highest number of dengue fever cases
(Ministry of Public Health, 2019). Additionally,
there are other diseases present, such as malaria,
elephantiasis, and encephalitis, transmitted largely
by Aedes mosquitoes, Culex mosquitoes, and
Anopheles mosquitoes (Dumrongphan, 2017). A
major factor in the spread of these diseases is
Thailand being a tropical country, which
contributes to the spread of diseases due to the
abundance of mosquito populations.

Ratchamongkol Beach in Trang Province is a
significant educational and tourist destination,
attracting a large number of visitors each year. The
beach area is characterized by diverse ecosystems,
beautiful sandy beaches, and a connection to the
local way of life. It is located in Mai Fat, Sikao
District, which is at a high risk of dengue fever
outbreaks (Ministry of Public Health, 2019). The

index of mosquito ovitrap positivity in the area
exceeds 10%, which is higher than the standard set
by the World Health Organization (WHO, 2009),
indicating a high risk of dengue fever occurrence.

Some mosquito species tend to reside close to
humans, while others prefer forested areas,
swamps, or areas with tall grass (Centers for
Disease Control and Prevention, 2016). Due to this,
we aim to investigate whether there is a difference
in dengue fever risk among different areas of
Ratchamongkol Beach, including beach area,
beachside forest, intertidal mangrove forest, and
forest near the residential area. These areas are
frequented by people, increasing their vulnerability
to dengue fever. The study aims to explore the
prevalence and diversity of mosquito species in
these different areas.

II. METHODS

Site Selection

This research was conducted at Ratchamongkol
Beach, Mai Fat, Sikao District, Trang, located at
coordinates 7.5282° N, 99.3079° E. The study area
was divided into four study zones: beachside
forest, swamp forest, mangrove forest, and the
forest near the residential area, as shown in Figures
1 and 2.
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Figure 1. Map of the study area at Ratchamongkol
Beach, Sikao, Trang, showing the four study areas.

Ovitrap Installation

An ovitrap, shown in Figure 3, is a black plastic
cup-shaped device capable of holding water with
an open top to allow mosquitoes to fly in and lay
eggs. Ovitraps were installed on prominent trees in
each study area at a height of approximately 1
meter above the ground. The ovitraps were placed
in shaded areas. Each study zone, measuring 500
square meters, was equipped with 20 ovitraps,
spaced approximately 2-4 meters apart, for a total
of 80 containers installed in the four study zones.
Each ovitrap was filled with 300 milliliters of
distilled water.

Collection and Classification of Mosquito
Larvae

Data collection was carried out once a week for a
period of 7 weeks at Ratchamongkol Beach.
Mosquito larvae samples were collected from each
ovitrap and the data recorded using the Mosquito
Habitat Mapper. The mosquito larvae collected
from each container were counted. The preserved
mosquito larvae were classified into different
mosquito species using the Mosquito Larvae Globe
Protocol Identification (Globe, 2018).

Each week the water quality was assessed based on
the following parameters: 1) pH value, 2) electrical
conductivity, 3) water surface temperature
measured using an infrared thermometer, and 4)
water temperature measured using a
multiparameter pen-like device for all containers.

e

Figure 3. The mosquito ovitraps used in the study.
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Beach Forest Swamp Forest ; Mangrove Forest

Figure 2. Study areas at the beach forest, swamp forest,
mangrove forest, and residential forest habitats.

Statistical Analysis

Statistical analysis was performed on the number
of mosquito larvae in each study zone. The data
were analyzed using a t-test to compare the number
and species of mosquito larvae found in each study
zone and the water quality parameters.

III. RESULTS AND DISCUSSION

Mosquito larvae Species and Numbers

From the study, it was found that there are three
types of mosquito larvae, namely, yellow-fever
mosquito (dedes aegypti), tiger mosquito (Aedes
albopictus), and house mosquito (Culex sitiens)
larvae. The A. aegypti and A. albopictus mosquito
larvae were found in greatest proportions in the
mangrove forest (89% A. aegypti larvae, 43% A.
albopictus larvae), while the most C. sitiens larvae
were found mostly in the residential forest area
(60%), as shown in Figure 4.

Based on the research findings, the mangrove
forest and the residential forest areas were
identified as high-risk areas for mosquito-borne
diseases, including Aedes, which transmits dengue
fever, and Culex, which transmits encephalitis.
Therefore, both disecases should be closely
monitored in these areas.

. Numbers and Percentages of Mosquito
Mosquito Larvae
Larvae Total
Species Beach | Swamp | Mangrove | Residential
Forest | Forest Forest Forest
A. aedes 0 0 8 ! 0
) 0%) | (0%) (89%) (11%) | (100%)
A 185 140 673 555 1553
albopictus | (12%) | (9%) (43%) (36%) |(100%)
C. sitiens 52 29 29 165 275
’ (18%) | (11%) (11%) (60%) | (100%)
Total 256 192 729 767 1944
N (13%) | (10%) (38%) (39%) | (100%)

Figure 4. Types and quantities of mosquito larvae found
in the mosquito larvae traps in each study area.
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Figure 5. Water surface temperature values of the water
in ovitraps with and without mosquito larvae.

Water quality in the ovitraps in each of the
study areas

The water surface temperature in the ovitraps was
lower in the beach forest area than the other areas,
likely due to wind, as shown in Figure 5. However,
there were no significant differences in values
between temperature of the water itself in the four
areas (Figure 6). The water surface temperature in
ovitraps without larvae was higher than those with
larvae for the beach forest area and the residential
forest area. The temperature of the water itself also
showed significant difference between ovitraps
with and without larvae for both the residential
forest and the beach forest. Interestingly, the
ovitraps with larvae had higher water temperatures
in the residential forest, but lower in the beach
forest area. The temperature range in the
containers with mosquito larvae was consistent
with the research conducted by Dalpadado et al,

[ oLarvae
10.00— . Wiih
tr = -1.994, P<0.05
9.50—
9.00 tyo = 2.66, P<0.05

t,. = -2.70, P<0.05

tys = -0.39, P~005

pH Values

Beach Swamp Mangrove  Residential
Forest Forest Forest Forest

Figure 7. pH values of the water in ovitraps with
and without mosquito larvae.
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Water Temperature (°C)

Beach Swamp Mangrove Residential
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Figure 6. Water temperature values of the water in
ovitraps with and without mosquito larvae.

which found that the suitable temperature for
mosquito egg-laying ranged from 25.3 to 39.8
degrees Celsius (Dalpadado, 2565).

The analysis of the pH values showed that ovitraps
with mosquito larvae had higher pH values
compared to the traps without mosquito larvae for
the beach forest and residential forest areas, as
shown in Figure 7. In the mangrove forest area, the
traps with mosquito larvae had lower pH values
compared to the traps without mosquito larvae.
However, there was no significant difference in pH
values between ovitraps with and without larvae in
the swamp forest area. The overall pH values of the
ovitraps with larvae is consistent with the research
findings of Prompram and Kaew, which found that
the pH values of water with mosquito larvae ranged
from 7.45 to 10.64 (Prompram, 2016).

225 [ NoLarvee
[ vibLance - -193, P<0.05
lm__r,,-taa.Pmos il
L.
= 175
: ts = -1.48, P>0.05
150
T o
g t,- = -0.86, P>0.05|
o]

100

Beach Swamp Mangrove  Residential
Forest Forest Forest Forest

Figure 8. Conductivity values of the water in ovitraps
with and without mosquito larvae.
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Moscuics 7 Mangrove Forest
L e Wtcr Surfoce Temp. Water Temperature — pHivalue
0.115 0.045 0.131
A acgpii e
2-ailed 0.303 0.691 0.239
82 82 82
0.077 0.048 0.301"
A albopicts
0.492 0.669 0.006
82 82 82
0.055 0.314 0.172
C sitiens o
¢ (2-4ail 0.625 0.048 0.123
82 82 82

Residential Forest
Electrical Conductivity Water Surfice Temp. WaterTemperatre~ pH value Flectrical Conductivity

(us/cm) ( (ps/em)
0.110 0.145 0.017 0.114 0.027
0.324 0.174 0.877 0.287 0.802

82 89 89 89 89
0.193 0.214" 0272 0.243 0.303"
0.082 0.045 0.010 0.022 0.004

82 89 89 89 89
0.180 0.026 0.179 0.218" 0.167
0.105 0.812 0.093 0.041 0.117

82 89 89 89 89

*P<0.05, *P<0.005 **Numbers of larvae in the beach and swamp forests showed no significant correlations with water quality.

Figure 9. Relationship between the quantity of mosquito larvae of each species and water quality parameters.

Water conductivity, Figure 8, showed significant
differences between ovitraps with and without
larvae only in the beach forest and mangrove forest
area. The traps without mosquito larvae had higher
conductivity values in in beach forest, but lower
values in the mangrove forest. In the swamp forest
and residential forest areas there was no significant
difference. This relationship is likely related to
differences in the number of mosquito larvae and
the dissolved organic matter in water, such as
leaves, in the different areas. Another possible
factor is that the beach forest and mangrove forest
areas are closer to saltwater sources compared to
the other two study areas.

Analyzing correlations between the mosquito
larvae types and water quality, shown in Figure 9,
it was found that the number of 4. albopictus larvae

residential forest area, it had a positive correlation
with pH values.

Regarding the proportion of mosquito larvae in
ovitraps, shown in Figure 10, the highest
proportion of A. albopictus larvae was found in the
mangrove forest, accounting for 95% of the
population, while the highest proportion of C.
sitiens larvae was found in the swamp forest area,
accounting for 32% of the population. The index
values of ovitraps were higher than the standard
criteria, exceeding 10%, in all areas. This indicates
that all study areas are at risk of dengue fever
transmission (WHO, 2009), with the highest risk
observed in the mangrove forest, accounting for
86%. These findings provide preliminary data for
monitoring and developing dengue fever
surveillance systems in alignment with breeding

in the mangrove forest had a significant negative sites, mosquito behavior, and community
correlation with pH values, while in the residential lifestyles. It is recommended to regularly establish
forest it had a negative correlation with water and implement dengue fever surveillance,
surface temperature and a positive correlation with prevention, and control plans in relevant
pH  values, conductivity, and electrical organizations.
conductivity. As for the C. sitiens larvae in the
Total . . . Ovitraps w/ |Ovitraps w/| Ovitraps w/ . .
itl:g:' OTital Ovitraps C1)4v1trap? \;1_/ AOVl]t};’ap; \;v/ Ogltrfitps w/ A. acaypti & | A. aegypti | A. albopictus Oﬁmaps’ w/ Olvljtrap % w/ /:: ‘;:w/_ /tl %_[\y/ C.
'vitraps w/ larvae . aegypli . atbopictus . Sitiens A alb()p[ctus & C. sitiens| & C. sitiens all species ndaex aegypti | atbopictus Ssitiens
Beach 140 29 0 18 1 0 0 6 0 62.06 | 0.00 0.83 0.24
Forest
Swamp |-y, 2 0 13 4 0 0 3 0 29.09 | 0.00 0.73 032
Forest
Mangrove | 4, 42 0 35 1 1 0 4 0 8571 | 0.02 0.95 0.12
Forest
Residential) 56 0 39 4 1 0 8 0 7142 | 0.02 0.82 021
Forest

Figure 10. Ovitrap index values in mosquito larvae traps in the four study areas.
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IV. CONCLUSION

It was found that 4. albopictus larvae were found
in largest numbers in ovitraps in the mangrove and
residential forest areas. A. albopictus and C. sitiens
larvae were found in all four study areas, with A.
albopictus larvae being the most abundant,
followed by C. sitiens and only small numbers of
A. aegypti larvae found. It was also shown that all
four areas had ovitrap index values higher than the
standard threshold (> 10%) (WHO, 2009),
indicating a higher risk of dengue fever in these
areas.
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Abstract

With the advancement of space exploration, scientists have been considering the use of lunar soil as a starting
material for agriculture in future moon colonies to ensure food security. Here, Thailand artificial lunar regolith
simulant (TLS-01), developed by Space Zab Co., Ltd., was tested for agricultural suitability using sunflower
(Helianthus annuus L.) as a test plant. It was found that TLS-01 soil can support plant growth, although it has
characteristics that are not suitable. The physical and chemical properties of the TLS-01 were improved by
incorporating humic acid microcapsules and coconut coir. The optimal ratio of TLS-01 soil to coconut coir of
1:1 with the addition of double the recommended rate of humic acid was found to result in germination
percentage and growth index of sunflower seedlings of 85.00% and 6.62, respectively, which was comparable
to results for agricultural soil. Moreover, the release of humic acid from microcapsules using whey protein
isolate (WPI) and gum arabic (GA) as encapsulation materials showed conformity to the Fickian diffusion
model. The efficiency of WPI and GA as encapsulation materials was found to be 90.37% and 88.36%,
respectively.

Keywords: Simulated Lunar Soil (TLS-01), Sunflower Seedlings, Microcapsule, Coconut Coir, Humic
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I. INTRODUCTION

Over the past years, there have been numerous
studies conducted on plant cultivation in space
stations. De Pascale et al. (2021) explored the
challenges and opportunities of plant production in
space environments and found that "microgreen"
plants from the Brassicaceae family and sunflowers,
which grow rapidly and develop leaves within 1-2
weeks, are suitable for space agriculture.
Considering the high costs of transporting resources
to space, using lunar soil has been considered as a
starting material for astroculture (agriculture on
celestial bodies). Chang & Ann (2019) investigated
the chemical composition of lunar soil samples
collected from the Apollo missions and found the
potential for using lunar soil in plant cultivation.
Recognizing the significance of this idea,
international space organizations have developed
their own lunar regolith simulants for studying plant
cultivation on the Moon. For example, Japan has
developed the JSC-1A lunar regolith simulant, while
Thailand has developed the TLS-01 lunar regolith
simulant, produced by Space Zab Co., Ltd.

Sunflower (Helianthus annuus L.) is a popular fresh
vegetable that contains a range of valuable nutrients.

The researchers conducted experiments using TLS-
01 soil to cultivate sunflower seedlings. It was found
that the plants could grow, but their quality was
incomplete due to the physical characteristics of the
soil. The TLS-01 soil had a cement-like powdery
texture that compacted tightly when mixed with
water, resulting in poor water drainage.
Additionally, the soil had a relatively low quantity of
essential nutrients for plant growth. To address these
issues, various methods were considered to improve
the TLS-01. For example, Wamelink et al. (2014)
added gypsum (CaSO4) to lunar regolith simulant to
cultivate tomatoes, while Kasiviswanathan et al.
(2022) incorporated the cyanobacterium
Synechococcus sp. strain PCC 7002 into lunar
regolith simulant to grow lettuce, radishes, and
alfalfa sprouts. The researchers considered the
convenience of transportation in the space industry
and application possibilities, leading them to
develop humic acid microcapsules using
encapsulation techniques and to use coconut coir as
an additive. Coconut coir is an agricultural
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byproduct that is lightweight and can be used as a
substitute for imported planting materials, reducing
production costs. This serves as the basis for
improving the quality of lunar regolith simulants
both physically and chemically, making them
suitable for cultivating sunflower seedlings to
provide a fresh food source for astronauts.

II. METHODS

Characterizing the Properties of TLS-01

Samples of Thailand Artificial Regolith Simulant
(TLS-01) were coated with metal powder using a
Hitachi E102 Ion Sputter apparatus. Subsequently,
the coated samples were analyzed for morphology
and particle size comparison using a scanning
electron microscope (SEM). The TLS-01 soil
samples were analyzed for quantity and distribution
of chemical components and properties relevant to
plant growth using an Energy Dispersive X-ray
Spectrometer (EDX).

Improving the Properties of TLS-01

The experiment was conducted as a 6 x 3 Factorial
Experiment in a Completely Randomized Design
(CRD) comprising two factors. Factor 1 consisted of
five types of planting materials: 1) TLS-01 soil, 2)
coconut coir, 3) sandy soil, 4) agricultural soil, 5) a
mixture of TLS-01 soil and coconut coir in a 1:1
ratio, and 6) a mixture of TLS-01 soil and sand in a
1:1 ratio. Factor 2 consisted of three levels of humic
acid concentration: 1) recommended concentration
(1 ml humic acid per 1 liter of water), 2)
concentration of twice the recommended rate, and 3)
concentration of three times the recommended rate.
The seedling trays were covered and each seed
watered daily with 20 ml of the humic acid solutions.
The experimental design details are presented in
Table 1.

The following growth parameters were assessed: 1)
stem length, 2) root length, 3) leaf area, and 4) fresh
weight of the produce. Subsequently, the growth
parameter index was calculated using the formula:
Growth parameter = (stem length + root length +
leaf area + fresh weight of the plant) / 4. (Chuaboon
et al., 2008)

Comparing TLS-01 to Agricultural Soil
The average stem length, average leaf length, and
average root length of the sunflower seedlings were
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measured using ImagelJ Fiji software. The number of
germinated seeds in each planting box for each day
was recorded to calculate the percentage of
germination for the first count at 5 days old and the
final count at 10 days old. The fresh weight of the
sunflower seedlings was measured using a mass
balance. Dry weight was measured by oven-drying
the seedlings to remove all moisture, and then
weighing them.

The sunflower seedling samples were ground to a
consistent texture, then weighed samples were
placed in conical tubes for analysis of nutrient
content using Microwave Plasma Atomic Emission
Spectroscopy (MP-AES) and Inductively Coupled
Plasma Mass Spectrometry (ICP-MS). The samples
were digested by adding HNO; and H»O,, then the
solution was transferred to the MAXI-44 microwave
digestion vessel rotor for sample digestion using a
microwave digestion system. The resulting sample
solutions were diluted and the concentrations of Fe

Code Treatment details

T1 TLS-01 + Humic Acid at recommended
concentration
T2 TLS-01 + Humic Acid at 2X rec. conc.

T3 TLS-01 + Humic Acid at 3X rec. conc.

T4 Coir + Humic Acid at rec. conc.
T5 Coir + Humic Acid at 2X rec. conc.
T6 Coir + Humic Acid at 3X rec. conc.
T7 Sand + Humic Acid at rec. conc.

T8 Sand + Humic Acid at 2X rec. conc.

T9 Sand + Humic Acid at 3X rec. conc.

T10  Agric. Soil + Humic Acid at rec. conc.

T11  Agric. Soil + Humic Acid at 2X rec. conc.

T12  Agric. Soil + Humic Acid at 3X rec. conc.

T13  TLS-01:Coir (1:1) + Humic Acid at rec. conc.
T14  TLS-01:Coir (1:1) + Humic Acid at 2X rec. conc.
T15  TLS-01:Coir (1:1) + Humic Acid at 3X rec. conc.
T16  TLS-01:Sand (1:1) + Humic Acid at rec. conc.
T17  TLS-01:Sand (1:1) + Humic Acid at 2X rec. conc.
T18  TLS-01:Sand (1:1) + Humic Acid at 3X rec. conc.

Table 1. Experimental conditions.  Liquid humic acid,
Golden Seal brand) recommended concentration (1 ml of
humic acid per 1 liter of water)
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i P B NAGET
Figure 1. SEM image at magnification X400 of TLS-01
before (A) and after (B) grinding.

and P were measured using MP-AES, while the
concentrations of Na, Mg, Al, K, Ca, Cr, Mn, Ni, Cu,
Zn, As, Sr, Ag, Cd, and Pb were measured using
ICP-MS.

Humic Acid Microcapsules and the Effect of
Concentration on Seedling Growth

The microcapsules were prepared through
encapsulation using three types of polymers:
polyvinyl alcohol (PVA), gum arabic (GA), and
whey protein isolate (WPI). Each polymer was
dissolved in DI water and left overnight. Tween 80
was added to the solution as a surfactant. Humic acid
was mixed with DI water and left for 30 minutes. The
polymer solution and humic acid were then mixed in
a ratio of 1:2 (v/w) and dried using a freeze dryer at
-20°C.

The physical characteristics of the microcapsules,
such as color, odor, texture, and visible external
features, were examined with the naked eye and a
microscope at 40X  magnification. = The
microcapsules' morphological properties were
analyzed using a JEOL JCM-6000 scanning electron
microscope (SEM) at 200X magnification
(Pakthongchai, 2020).

Humic acid was placed in cellophane bags with a
solution of Tween 80 at a concentration of 0.1 M.
The solution was agitated for different time intervals,
and the absorbance at a wavelength of 254 nm was
measured to determine the release of humic
substances using the Ritger-Peppas equation
(Pakthongchai, 2020).

The humic acid was extracted from the
microcapsules by filtering through #1 filter paper.
The filtered substance was then dried using a rotary
evaporator. The total amount of extracted humic acid
and the encapsulation efficiency was calculated by
mixing the extracted humic acid with
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Figure 2. Chemical analysis of TLS-Olfrom Energy
Dispersive X-ray Spectrometer.

dichloromethane and methanol, according to
Pakthongchai's method (2020).

A completely randomized design (CRD) experiment
plan was implemented, consisting of two factors: 1)
the type of growth substrate, composed of TLS-01
soil: coconut coir (1:1), and 2) the quantity of humic
acid, including 1) the recommended concentration,
2) concentration two times higher than the
recommended rate, and 3) concentration three times
higher than the recommended rate. The experiment
includes 7 treatments, each repeated 6 times with 50
seeds each (Table 6). Growth parameters were
measured and analyzed to evaluate the growth of
sunflower seedlings under the different conditions.

III. RESULTS AND DISCUSSION

Characterizing the Properties of TLS-01

The analysis of the shape and particle size
distribution of TLS-01 using SEM showed that the
particles were uniformly dispersed and not clustered
(Figure 1), similar to the particle size of simulated
lunar soil JSC-1A and lunar soil samples from the
Apollo and Luna projects (Neves et al., 2020; Goulas
et al., 2019). The particle size of TLS-01 used for
cultivating sunflower seedlings in this study was
similar to previous research findings. The particle
size is related to the soil density, and it was found
that the soil density before grinding and after
grinding is 1.72 and 2.30 g/cm’, respectively. Huang
et al. (2013) found that particle size significantly
affects the growth of sunflower seedlings and can
have a significant impact on both mineral elements
and physical properties of the soil. Additionally, it
did not exhibit as high a water-holding capacity as
agricultural soil. These physical characteristics

3
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indicate that the physical properties of TLS-01 soil
are not suitable for plant growth. The analysis of the
shape and particle size distribution revealed that
TLS-01 soil has similar physical characteristics to
other lunar soils but is not suitable for plant growth.
Chemical analysis of TLS-01 soil revealed that it
consists of 15 elements, including essential
macronutrients and 2 micronutrients for plant growth
(Figure 2). Additionally, chemical properties related
to plant growth were analyzed, as shown in Table 2.
The results of the analysis indicated that TLS-01 soil
contains sufficient quantities of essential nutrients
for plant growth, particularly a high exchangeable
potassium content. These values serve as indicators
of soil fertility for cultivation. The pH value of the
soil, which is desirable for sunflower seedlings,
should be within the range of 5.5 to 6.5. The
measured pH value indicates that TLS-01 soil is

. . Analysis -
Soil Properties Value Interpretation
1. pH level 5.6 Moderately acidic

Non-saline, non-
hazardous to plants

3. Organic Matter Content | 2.25%  |Moderate
1.17%  |Moderate

2. Electrical Conductivity | 0.09 dS/m

4. Total Nitrogen Content

5. Beneficial Phosphorus
Content

6. Exchangeable
Potassium Content

7. Exchangeable Calcium
Content

18.8 mg/kg [Moderate

207 mg/kg |Very high

388 mg/kg |Moderate

Table 2. Results of chemical analysis related to plant
growth. (Department of Land Development, (2010);
Faculty of the Department of Soil Science, (1998))

Soil Type Ave. Leaf Ave. Stem Ave. Total
Mass (g) Mass (g) Mass (g)
TLS-01 0.230 0.222 0.452
Mixed 0.216 0.193 0.409
Agricult. Soil 0.363 0.345 0.707

Table 3. The fresh average mass of leaves, stems, and
total of sunflower seedlings cultivated in different soil

types.

Soil Type Ave. Leaf Ave. Stem Ave. Total
Mass (g) Mass (g) Mass (g)
TLS-01 0.036 0.015 0.051
Mixed 0.025 0.019 0.044
Agricult. Soil 0.038 0.037 0.075

Table 4. The dried average mass of leaves, stems, and
total of sunflower seedlings cultivated in different soil

types.
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suitable for cultivating sunflower seedlings
(Chinsaen et al., 2018; Siri-Ngam, 2014)

Comparing TLS-01 to Agricultural Soil

Sunflower seedlings cultivated in agricultural soil
have the highest percentage of germination, average
plant height, average leaf length, average root length,

Sunflower Seedling Plant Height
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Figure 3. Average plant height, leaf length, and root
length of sunflower seedlings for the soil types tested.



Thailand Scholastic Journal of Science 4 (1) Jan-Dec, 2023

and weight (Figure 3, Tables 3 and 4). The
subsequent ranking includes sunflower seedlings
cultivated in mixed soil and TLS-01. Nanoparticles
of SiO; in TLS-01 contribute to an increased
germination rate and may affect the growth and
higher yield of sunflower plants (Sabaghnia et al.,
2018; Sabaghnia & Janmohammadi, 2017).
However, the effectiveness depends on the
concentration of SiO, nanoparticles in the cultivating
soil (Jurga et al., 2013) and their ability to enhance
root and stem elongation. Additionally, the presence
of iron (Fe) particles reduces the germination rate of
seeds (Verma et al., 2020). In a similar research
study by Ilay et al. (2013), sunflower seedlings
cultivated in clayey loam soil, which has properties
similar to agricultural soil, showed a trend of
improved growth over an extended period.
Therefore, when sunflower seedlings are cultivated
in agricultural soil for a longer duration, they tend to
exhibit better growth.

Figure 4. The growth caracteristics of sunflower
seedlings planted with TLS-01 soil before soil quality
improvement (A) compared to agricultural soil (B).
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Figure 5. Seed Germination Percentage (A) and Growth
Parameter (B) results for the 18 treatment conditions
described in Table 1.
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Improving the Properties of TLS-01

Sunflower seedlings grown in TLS-01 soil mixed
with coconut coir at a ratio of 1:1 and supplemented
with a 2-fold concentration of recommended humic
acid (recommended rate: 1 ml/l liter of water)
promoted germination percentage and growth index
to 85.00% and 6.62, respectively, while agricultural
soil had a growth parameter of 8.29 (Figure 5). All
conditions were controlled under the same factors,
such as light, temperature, water quantity, and the
number of seeds sown. After improving the physical
and chemical properties of TLS-01, it demonstrated
improved characteristics, effectively promoting the
growth of sunflower seedlings comparable to
agricultural soil (p < 0.05). Cultivating sunflower
seedlings in TLS-01 mixed with coconut coir (1:1)
helped reduce the physical limitations of TLS-01
only, such as low water holding capacity and reduced
clumping, resulting in increased air-filled porosity of
the planting medium. This led to better dissolution
and availability of nutrients for plants. Furthermore,
the addition of various concentrations of humic acid
to the different planting media showed similar
effectiveness in promoting the growth of sunflower
seedlings, regardless of soil type. The chemical

Concentration of Average
Soil Type (A) humic substance (B) 2
Bl B2 B3
1) TLS-01 5.31 636 588 5.85b
2) Coconut Coir 426 396 394 4.05¢
3) Sand 682 9.8l 7.74 8.12a
4) Agricult. Soil 586  6.08  6.01 5.98b

5) TLS-01:Coir (1:1) 745 854  6.10 7.36a
6) TLS-01:Sand (1:1) 433 559  3.20 4.37c

Average 567 6.73 5.48
F-Test

A *

B ns
AXB ns

Table 5. Statistical analysis was performed to determine
the correlation between the planting material (A) and the
quantity of humic substances. (B) ¥/ ns=Not significant,
*= Significant at 95% confidence level.

Y B1= Recommended Concentration, B2= 2X
Recommended Concentration, and B3= 3X
Recommended Concentration

2 The average values followed by the same letter are not
significantly different at p < 0.05 based on the Duncan's
Multiple Range Test (DMRT) when comparing the
differences among the types of planting materials.
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properties of TLS-01 soil exhibited relatively good
essential nutrient components for plant growth,
although they were not readily available due to
unfavorable physical properties. The
supplementation of humic acid facilitated greater
nutrient uptake by plants. As a result, plant growth
was significantly better compared to pre-
improvement TLS-01 soil conditions (Figure 4).
Additionally, humic acid enhanced water absorption
and soil porosity, while also contributing to the
improvement of soil's biological properties as a
source of beneficial nutrients for plants and
microorganisms (Table 5).

Humic Acid Microcapsules and the Effect of
Concentration on Seedling Growth

The physical appearance of microcapsules coated
with Gum Arabic (GA) appears as dark brown
powder, while microcapsules coated with Whey
Protein Isolate (WPI) appear as brown granules

Figure 6. Microcapsules encapsulating humic acid under
4X magnification (A), Microcapsules encapsulating
humic acid under a Benchtop SEM at 200x magnification
(B), WPI-coated capsules (C) and GA-coated capsules

(D).
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Figure 7. Release of humic acid over time for WPI-
coated microcapsules (A) and GA-coated microcapsules

(B).
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(Figure 6). On the other hand, microcapsules coated
with PVA have a brown foam-like appearance,
which cannot be observed under an electron
microscope due to poor molding properties. When
examined under a microscope at 4x magnification, it
is found that microcapsules coated with WPl and GA
have dark brown to black color, resembling
separated layers. At 10x magnification, they appear
as multi-layered sheets with abnormal shapes. When
studied using a scanning electron microscope,
microcapsules coated with WPI and GA exhibit
physical characteristics of flat sheets with a smooth
surface.

Microcapsules coated with WPI have an R-squared
value of 0.6033 and a diffusion exponent value of
0.0027, indicating Fickian diffusion, which is the
diffusion from high to low concentration. Within the
first 360 minutes, they release 73.50% of the
encapsulated humic acid. After that, the release
occurs slowly, as shown in Figure 7. As for
microcapsules coated with GA, they have an R-
squared value of 0.5846 and a diffusion exponent
value of 0.0214, also indicating Fickian diffusion.
Within the first 360 minutes, they release 72.00% of
the encapsulated humic acid, after which the release
occurs slowly.

Code Treatment details V Ge.rmmazt/l on
index

T1 TLS-01:Coir (1:1) + Humic Acid at 2X 9493
rec. conc.

™ TLS-QI :Cglr (1:1) + WPI Encapsulated 8.07b
Humic Acid at rec. conc.
TLS-01:Coir (1:1) + WPI Encapsulated

3 Humic Acid at 2X rec. conc. 8.71ab
TLS-01:Coir (1:1) + WPI Encapsulated

4 Humic Acid at 3X rec. conc. 7.67b

Ts TLS-QI :Cglr (1:1) + GA Encapsulated 773b
Humic Acid at rec. conc.
TLS-01:Coir (1:1) + GA Encapsulated

6 Humic Acid at 2X rec. conc. 8.59ab

T7 TLS-01:Coir (1:1) + GA Encapsulated 8.15b

Humic Acid at 3X rec. conc.

Table 6. Statistical analysis of germination index using
different forms of humic acid microcapsules.

" WPI: Whey Protein Isolate-coated microcapsules. GA:
Gum Arabic-coated microcapsules.

? The average values followed by the same letter are not
significantly different at p<0.05 by Duncan's Multiple
Range Test (DMRT) when comparing differences
between types of planting materials.
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Based on the efficiency testing of microcapsules
coated with WPI and GA, it was found that the
encapsulation efficiency was 90.40% and 88.30%
respectively. This is consistent with the research
conducted by Zang, B. et al. (2022) on the
encapsulation of capsaicin in whey protein, which
stated that GA has the ability to form stable and
encapsulated emulsions. Furthermore, it can create a
protective layer around the central core, resulting in
higher encapsulation efficiency with increasing GA
concentration in the coating material. This finding is
also in line with the research by Zang et al. (2022)
on the fabrication and characterization of whey
protein.

In the case of using only WPI as the coating material
(comparable to the experimental set of WPL:OS =
10:0 in Zang), the study found that the encapsulation
efficiency of microcapsules containing capsaicin
from chili using WPI as the coating material ranged
from 49.90% to 94.60%. This indicates that the
samples in Zang, which had mixtures of WP and OS
at weight ratios of 10:0, 9:1, and 7:3, showed
significant differences in encapsulation efficiency.
Therefore, it indicates that the material has the ability
to form excellent coating layers, and WP and OS at
weight ratios of 10:0, 9:1, and 7:3 exhibit good
interaction.

When improving the cultivation of sunflower
seedlings, it was found that using a double
concentration of humic acid in the simulated moon
soil with coconut fiber at a 1:1 ratio resulted in a
maximum germination index of 9.49. The next
highest index was achieved using microcapsules
coated with WPI with a germination index of 8.71,
followed by microcapsules coated with GA with a
germination index of 8.59. This shows that the soil
quality improvement method mentioned above can
alleviate the limitations of TLS-01 soil in terms of
physical and chemical properties. By using humic
acid microcapsules coated with WPI and GA at
double concentration, it promotes the growth of
sunflower seedlings, achieving growth rates similar
to those obtained using liquid humic acid at double
concentration.

IV. CONCLUSION

It was found that sunflower seedlings grown in
agricultural soil had the highest germination
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percentage at 68.00 £ 3.70%, while sunflower
seedlings grown in TLS-01 soil had the highest
content of organic matter and the highest percentage
by weight/volume of Na, Mg, Mn, and Cu elements.
Overall, it can be concluded that improving the
quality of TLS-01 soil is possible through a
relatively simple process. Therefore, enhancing the
physical properties and nutrient content of TLS-01
soil for cultivating sunflower seedlings using a
combination of coconut coir and humic substances
was investigated. It was found that when TLS-01 soil
was mixed with coconut coir at a ratio of 1:1 and
supplemented with humic substances at 2 times the
recommended rate, it promoted germination
percentage and growth index comparable to
agricultural soil. It also reduced the physical
drawbacks of TLS-01 soil, such as low water-
holding capacity and clumping.

The study also showed that humic acid in
microcapsules, which improves convenience for
transportation and ease of use in space, is effective
for sunflower cultivation. The results showed that
microencapsulated humic acid, with whey protein
isolate (WPI) as the encapsulating material at 2 times
the recommended concentration, enhanced the
germination index of sunflower seedlings close to
that of the aqueous humic acid used previously, with
73.50% of the encapsulated humic acid released.

It is possible to apply this approach to modify the
properties of lunar soil to make it suitable for
cultivation in the future. This could provide fresh
food sources for astronauts and contribute to
ensuring food security during future space missions
or human settlements on the Moon or other planets
when the lifespan of our Earth comes to an end.
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aunsaugnivls  wilidnwagnisnienwlimunzan 3aUsuupauandinimenmeaziaiinagly
TﬂsLLﬂUeuammLLaumwuws'n Lwa’[mmu’luaman'ﬁﬂaﬂwsu WUIdndIU fu TLS-0L:yaugni1a (1:1)
FUAUNTLHANAITTIA 2 mwaqammuummmsﬂaqLasﬂwmuaaumumauuLUaiLezmmmmqaﬂ
LLavmmmsmimmuIm 1WA 85% WAy 6.62 mauasuﬂ'ﬁwsmLmUTmlﬂm&mm’mumqmimwm
Wil msﬂaﬂ‘daaEJa'ﬁm:uﬂmﬂluiﬂmﬂﬂ%aﬂmmwam Whey Protein Isolate (WPI) &g Gum Arabic
(GA) WU @BAARDINUATTUNSULUURNLIADY LAz a’1ﬂmsVmaa‘uﬂsuﬁmsmwmwawmaﬂuiﬂsLmﬂszia
mmvﬂﬂjmsmwu WPI wag GA wmwﬂmawsmw‘iumwwmmuJu 90 wag 88 % MINAIAU

1. uni

naonna1sUANIuLT Yningraianss
msAnmnsaassgnivluaaniioaniaiuiu
11N 1Y 91139u1ae De Pascale et al., (2021) 7
ﬂﬂ‘ls"WLia\‘iﬂ’NlWHVHEJLLﬁSIE]ﬂ’]EINaG]WSUIu
ANTNUINEDNBINA WU Aufinasugnlu
9n1d A. WY “microgreen” Masey tiulaLsa
wazuanluniely 1-2 dUanvindaugn wu Aty
VIANAUNE mu"l,m‘[iﬂ srudaRelued
NUNLIU am/mm]mimummmmuwumi
sudsunieng Seimndnieeldauenaneduns
Lﬂuawsmmu‘lumimymnssummqma
(astroculture) W8N Chang & Ann, (2019)
laAnw1e9RUsENaUNILATIVDIFI8819A UM
Suniniiusiusnainiasinisesweala wuinil
AU dululaluniswmuiuuInianiIsiifuain
asdunsuldlunisugnive vinlvesAnisenia
wIuUsEnAld L iutenud Ay Taimuiiy

Adfy Aundunsdnass (TLS-01), sugeununziy, lulasualya, Yauening, asgqlia

TN SansvoIT AR It UL USULUY
’Lumsmmﬂ'ril,wwﬂaﬂwszmumqaum WU AU
A299UN5I1a09 JSC-1A maqﬂsummmﬂu FRFGN
Usemalnedlawaniunedunisians TLS-01
g usEnaLlsy oy 3110

N1UMEIU (Helianthus annuus L.) Lﬁu%qu
Tudn¥uuseniuaaildsuaiuiou fasiil
AMAININDIMITNAWBLA INNARATINAU N9
AMZRANYINIATINITAUATT FatAU TLS-01 a1
NAABUURNAUBIUNIUALTU WUTT WYEIUITD
Lasmmuvl,mLmemwmaawmimauusmmm
ANWULNINAITINY Luaqmnﬂumﬂmm
SnvazJunsndrefiuud waviilonauiiazda
i v sz et e sastetiusina
6’1{5]8’1‘1/1’15‘1/]%’1LUU(5]E]ﬂ’15L€]’§§ULMUIG]“UENWSU
Aoudnedn il ’Luﬂmuumﬁmiﬂiuﬂimu A9
JUNIINAIMAINNAWFULUU LU NISLANEUTY
(CaS0.) TuﬂummummaaaLwamiﬂaﬂuuma
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WA (Wamelink et al., 2014) asiiulaen
TuluA#L3e Synechococcus Sp. @18W1G PCC
7002 Tufunsdunisrasaiienisugnifainnig
USAY KNAeved wag oaWan (Kasiviswanathan
et al., 2022) 1Judu nenuzgIniailbmig
dzAINsian15vLAlugAAINNIINDINIA WATAIS
Uszgnald Jevmuransdrfialululasuadya
AIBNTEUIUNTIRURAYYATY Lazigeusns1
EJ’TUiU‘lJi\‘i

\o9an Wutagdsldnisnisinuns i il
UIMUALUT WAy mmmmmmmmmaﬂﬂanm
13'1Lsznmnmqﬂ'i"mmwaammumu’[ummamim
'5\1LﬂuwmsuaqLm';mamiﬂsuﬂsaﬂmmwmmu
ANYATNLAY LﬂﬁJﬂ’]EJVLS,JIﬂiLLﬂUGUaﬁ’JNﬂLLaWUS
UENS1D L‘W@Iﬁm&l"l yaudoniIsUgndusay
MURE UL S IUNEI0IMNS (Wﬂjam)TwﬂU

UNUUDINA

©

2. 38n15na9
A1SANEIANBUENINIENTNLATANUANILAT
UNUTENITU09AU TLS-01

Y08 19Rud RS AR UM 081988
Tane #281A309 HITACHI E102 lon Sputter
ntiuifesiindoulaiauniinsesiguing
wazlUSeuLiguTUINBYNIAMIENARIRANTIAL
BLanAsoULUUABINTIA (SEM)

1M0e19AU TLS-01 UnAsgnusunauay
AMSNSEURAIVDIBIAUTENBUNILATANY
Energy Dispersive X-ray Spectrometer (EDX) taig
inszdaudiniaaiuisUsznsing oy
NSO QYVOINY

USuuseamauifnisnign nuasiaivesfy
! . .
TLS-01 LWOAISINIZAUSDUNIUASTU
MIUHUNITNAABILUU 6X3 Factorial in CRD
Usznoudae Yadeil 1 vlinTanuan Usznoudae
1) fin TLS-01 2) Yuuen3na 3) Aunsiy 4) Aunna
N19LNYAT 5) AU TLS-01 WaNYsUEWI12
9M31d9U 1:1 uag 6) AUTLS-01 NANNS1Y
Snsdau 1:1 wazdadef 2 USuaanssadia
Usenauaie 1) ANULINTUIRSILUEET (BRS)
wuzd §28im 1 wa./Ain 1 8n5) 2) Aududu
UINAT19ATIULUT 11917 wag 3) AU UTY
1INNT19MTIULUN 2 1911 LENANTTI A TLUS U

WWW.tsj0s.org

mmnmqnwamau 20 Hiaddns Uanlaialnig
mummu ﬂiymuﬂiuammwmsmimmuim
mu 1) mmmammu 2) A7NUY1I5IA - 3) ‘W‘LWI
Tu way 4) mwuﬂamawawam NaMAdaU 3 U
mﬂuummmmummmswsmLmuim (Growth
parameter) YDIAUDOUNIUNLIUAIYAUNSAUT
szj'mmimsml,muim (Growth parameter) YDIAY
aa‘Lm'nmufaumaaumimummmsmsmmu‘[m
(Growth parameter) = (AITUYNIEIAU + AIY
51990 + WURLU +1ninanvonandn) / 4
(Chuaboon et al., 2008) lagiiseazLdunyn
VAABI FHIANTI9N 1

NAaauUsEANSAINAISINIZAUBIUNIUANS I
YBIAU TLS 01 1N8UAUAUNIINISINEAS

Wdugoununziulunanusdduaae
ANelURAY LATAINEITINREY Ba8TUS
LASH ImageJ Fiji Uummmumammaﬂiuumav
nasalgnueunas Iy LWE]ﬂ’IU’)mL‘UE]iL‘?jqu’]i
QE]ﬂ‘Ua\‘iGluE]EJ‘NVI"IuG]“”JUQNLLSﬂ (first count) e
91y 5 Ju LLazﬂiqqmmﬂ (final count) 1aa18 10
o1y

Code Treatment details¥

T fiuTLS-01+ Bdflamudududnsuuzids

T2 #u TLS-01+ srfiemudutumududuinnndensiuzii 1 Wl
T3 @y TLS-01+ shiimmududumnududuinandgnsiuuzi 2 wn
T4 youenin + Srfinanudududasuusi

T5  geuenin + Sallaanududumdudunaniidnnwusi 1 vh
T6  yeugni + Sadieanududunnududunanidnsuuni 2 v
7 fuvsie + Safleanuduiudnsuwugiih

T8 fuvsw + Saflamnududuaruiduduinnaiidnsuus 1 wih

T9  funse + sadarnudutumuiduduuinndngngiugii 2 wi
TI0  Auvansinees + Sallamudududnsuuei

Ti1  Fwvnmsnuws + Sillanududuinnnindnsuusii 1 wi

T12  fuvemsinees + Sllamududuinnaiidnsuuzd 2 wih

T13  fu TLS-01 : geuewin (1:1) + Srflannaundududnswusin

T4 fu TLS-01 : gesenin (1:1) + Fafladindunnnidnsuusin 1 wih
T15 @ TLS-01 : geuewim (1:1) + Hrfiadudunnnidnsuugd 2 win
T16 @y TLS-01 : n318 (1:1) + SalleAnudndusasiuugdn

T17 A TLS-01 : m57e (1:1) + Safladuduminniidnswue 1 i

T18  §iu TLS-01 : w18 (1:1) + Srflaviutulinningnsiuugiin 2 i

mi’N‘VI 1 ’S’IEJauLE)EJﬂ‘Uﬂwmaaq Y Humic substance
(mmm M5IM89N31I) DRSLLULUN (Br5A 1 w8, /m 1
ans)
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| dminaadslagthduseununs Sulugauu

130999 drutmdnuiedalngdidusou
NIUAE aumau’mmsumaiﬂwwmmamu
LW@TMLMaaLmumummqmmasq LazHIUL
P )

uadigafugauntunsJuliluiile
ey sz“j"qﬁfmﬂfnLLazﬂqﬁaasjﬂqﬁiﬁUSiﬁﬂﬁu
naen conical tube LEAUTLLANAIBDEIILND
AaszRuTuiusigemisluivdisinies
Microwave Plasma Atomlic Emission
Spectroscopy (MP-AES) waztAT84 Inductively
coupled plasma mass spectrometry (ICP-MS)

U986219819A U UNIUALIUIALNITLAN
HNOs wag H,0, walu1a1stulalu milcrowave
digestion vessel rotor MAXI-44 ¥84LA5 8380
aaef1981902853uululAsIN (microwave
digestion) Wnasazaleiilaluideasudrin
USU10uu3579) Fe 1ag P A81A399 MP-AES uazii
a15lUTnUsunassns Na, Mg, AL, K, Ca, Cr, Mn,
Ni, Cu, Zn, As, Sr, Ag, Cd waz Pb @1811a504 ICP-
MS

dnwarlulasualgadrdiauaznisiniziugeu
mumziunlsnisldaitialuguiuuusing

wisnlulasualgadidaniunszuiunis
tounalgatatuainwediues 3 yia Ldun
polyvinyl alcohol (PVA), gum arabic (GA) LLag
whey protein iso late (WPI) aumﬂmwwmmau
yiialuin DI#iels 1 A i Tween 80 aslu
A158¥a18a15%89 Y 82 3afua bl #ald 30
w1 Unarsazatgarsieiunauiudliia lu
ans1dIu 1: 2 (v/w) uay mﬂmmamﬂmiaa
Freeze dried 71 ~20 °C

maaaaué’ﬂwm mwﬂwmwmaqluiﬂs
wAUYa 1y & naw iedura anwmvmauaﬂw
uaamuimmammm LAy ﬂaawamimu‘w
ANdevey 40X mmaauammmwmmaﬂuiﬂs
LLﬂUsﬁaﬂ’J‘c’JLﬂ’iax‘i Benchtop scannlng electron
mlcroscope (Benchtop SEM) 8%a JEOL U JCM-
6000 NMaUY1Y 200X (Pakthongchai, 2020)

mmuwamammaimﬂummsa rany
Tween 80 AMULTNTU 0.1 M L‘UEHL?J@L’)anNG]
ra15ag m&ﬂ,ﬂfgmmmi@mﬂauummmmma

WWW.tsj0s.org

AU 254 nm-AwrnAnsUanUdseansilase
#1n135va4Ritger-Peppas (Pakthongchai, 2020)

aﬂmawﬂwmiuiﬂﬂmﬂwa 584078
NEATUNTBILUBS 1 mmiwniaﬂmumama
Lﬂi@\‘i Rotary evaporation aﬂﬂa’]iﬁ’uuﬂ‘ﬂ\‘i HRUR
vaslulasuauya lasinlulasuauganauiula
ARBLSULNY LATLUNIUDA WATATUIN
Uszansnmnisveruveslulasualya ainans
8’33Jﬂ1/l\‘i‘1/i§Jﬂ‘UE]\‘i‘13JIﬂSLLﬂU6ﬁa Tnunaufulanae
1simu wniueanazAtuIUsEaNSaINAg
veruvedlulasuauya a1u3gn15ue4 Jiraporn
Pakthongchai, (2020)

TMUHUNITNARBILUU CRD USENDUAIY
Yasudi 1 yiaTanuan ‘U’i“’ﬂE)‘UG]’JEJ AU TLS-01:
Yuurni1 (1:1) uag Yasuil 2 Usunaansdaiia
Usgnounae 1) ANuudusnsiuugdl  2)
ANULTNTUNINNTIIEATILULUN 11917 uag 3)
ATULTNTUNINATITATILULUT 2 LY
Usznaude 7 n3suds nssuiBag 6 9 Az 50
AR (M15197 6) wazAuIusudiTanas
WwityAUlamilauANNUIENI3

3. NAN1ISNAABILATAUSIUNITNAADY
A1SANEIANBUENINIEATNLATANUANILAT
UNUTENISU09AU TLS-01
971NN1531AT LU azIUT s ULBTLIA
BUNIAVBIAU TLS-01 manaamamiﬂu
BLANMTBULUUABINTIA (SEM) ‘ZNE]‘u.ﬂ']ﬂllﬂTi
nsyatediainaneliinig nau(mwm 1)
LWULREIAUVUINDYNIAVDIAUAITUNITIA DY
JSC-1A LazAUAITUNSANNLATINITBENDALA
LLa“’Iﬂ’i\‘iﬂ"I’iaUW (Neves et al., 2020 ; Goulas et
al., 2019) muu fu TLS-01 mmml,wq"muaau

ANl 1 awanendssganssAudlanaseuLuudes
NIINYBIBUNIAVBIAY TLS-01 ANAsYeIY 400x
wuuliun (A) uazun (B)
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fAutAvaIRU AT nsudana*
1. pudunse-ang 5.6 AsAUIUNENS
L. LA i
2. dnsiilaiy 0.09 dS/m N .
FuRTIEnaNY
3. Vsnauduviseing 2.25 % Unan
4. Usinadlulasauiavun 1.17 % drunand

5. Uinamleaviaaiiiu
. 18.8 mg/ke J1unan
Useler]

6. USinadlnunadeai
4 e 207 meg/ke gann
waniaeule

7. Binauueadoud
4 388 mg/kg dunang
uanaeuld

715197 2 namsHaszianTiniaaiiunsUsensd
L?{m%’aﬁumsm%mﬂaﬁm (Department of Land
Development, (2010); Faculty of the Department of
Soil Science, (1998))

munzulunisdnunil JeflvuineyniaLiafy
IndiAssiunanis@nuidu Mt vIAUDIOYNIA
YUBYAUAMUNUILUUYBIAULAYNUIIAUAD
JUNII1889 TLS-01 HAMURUILUUYBIAUN DY
UA LAZUAIUA LVIAU 1.72 wag 2.30 g/cm®
ANUAIAU LLa"vLajﬁamsau”msé’uﬁqmammﬁu
ﬂmamummmuLLamlmuumaﬂwm N4
nen ey TLS-01 fdnuwasiildmunzausde
n1suaning

A9IASIYBIAUTENBUNLATIVBIAU TLS-
01 wuiuse ﬂaumasm 15 %umwuﬂuﬁm
mm'maﬂmuﬂumamn%mmu‘[maqwm ey
51791115509 2 579) (7t 2) uenannii wud
nani1sitasizRautinianiuiausensi
Aendeafiunisiiayvesivldnaimised 2 3
waﬂ'ri'il,ﬂi']"ﬁ@hﬂé'nwud'] fu TLS-01 (Juiisl
Usmmﬁmmmi‘mmLﬂumamswim%am?j
laylanig mﬂimmiwme%wuaﬂmaauim
USuaugaunn mmqqmmu Lﬂumummmm
mmaﬂmmmmmamummmLW']W FaA1 pH
YosRufidusousesnts deudunane 5.5 - 6.5
Tnedn pH ATalduansdainfu TLS-01a1u150
Yrunnigausauni1uneIule (Chinsaen, et al,
(2018); Siri-Ngam (2014))

U5sANSAINAITINISAUDDUNIUMNSIUVDIAY
TLS 01 1AgUNUAUNIINISINYAS

WWW.tsj0s.org

50.00

39.96
40.00
30.00

20.00

1046
1000

220 1,09 I 263 I
0.00 ® = u

K P O Ca Mg Si Fe CuMn Zn Al Ti Na Co Cr

8.39

Weight %

31002 I 1.74 0,54 0.25 0.23
-

Macro nutrient Micro nutrient Other

Nutrients

ANT 2 N15IATIERENURN1LATIUIIUSENISURIAU
TLS-01 law Energy Dispersive X-ray Spectrometer
(EDX)

ﬁuéaumum“ﬁuﬁLW”uvrﬁ'asJﬁumm'ﬁmwm
fesibudnisenluusaziu mmmmmmaaa
ﬂ’NlIEJ’TﬂULQaEJ AUYITIN LAY m‘vmn lady
mnmm (mwm 3,139 3 uaY 4) 5998931 AD
FuseununETuTiWTdIAuNEY LAy fiu TLS-
01 Tumnanaunu aumﬂqu Sio, lu@u  TLS-01
uaaumaaiuﬂWSmeamiﬁﬂﬂsqaﬂ LLawmamwama
nsasyLivlauas wawamwmmuumam
N1UNLIU (Sabaghnia et al 2018; Sabaghnia &
Janmohammadi, 2017) musuu 2 anumm
L?Jmuma\‘iaumﬂmiu SiO, ‘Iumumm“ (Jurga
et al, 2013) i’mmmummmn’mua aeu
uanmnu 9UNIAYDIGH Fe mﬂmamnmsaaﬂ
Y UAnanad (Verma et al. 2020) %N’lu’ma
Y84 llay et al.,, (2013) Wu1n loiwazdu
MUASIUAIBAUST I mmmauum’tnamm
ﬂumumm'ﬁmwmﬂummaau uLLu';Ium'] \ile
AUY mmmm'} muaaumumvaumaﬂumq
ﬂ'lil,ﬂwmﬂusvswna'mmumu AUDOUNTUANZIU
f\]mJﬂ’TiLﬁ]'iiUuLG]UIGWlWUu

USuuseamauifnisnign nuasiaivesfy
) . .
TLS-01 {NDN1I5INISAUBaUNIURETY
Jaqugniiauuandivedefideddny
Tuvauy ‘mmmmmumaqmimmlmmm
uansingegeltsd1Any Wil fuseununziui
WIAIAY TLS-01 Wauyauenin dnsidu 1:1
LALANASTITAAIUTUTU 2 111 VBIENTT
wuzidn (msiuugin 828a 1 wa./dn 1 ang)
aunsoduasulidusauniunziu Tiesidud
AIU9N LAZATENITLOTYLAUTR 111U 85%

WAz 6.62 nAUSTuUTIRENTANIAUAIEAIN
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anugduaRsvasduSau T Ty (Uu)

n (45) n (39) n (63)

)

11.05 + 2.41
o
12 8.16 + 3.01

o

10 a
5.09 £ 272

AMUGIEA R RevoRUsIUN UL U YU,

o

U

au Funsy AUNNNITNEAT

TLS-01

anusaluisuasdudauniuas iy (wu.)

n (45) n (39} n (63)

[

C

(2.

177003

lg 2 b
2 a
g 1114035 SRt
g ‘[
@
@
=
E
& l
I
w
[
=
=
o)
e
5
=
g
= m Aunan Aunng
TE-51, nsNEAT
o e o
AMUYIITINDAYAUDDUNIUNE I (TY.)
n (42) n (39) n (58)
g 500 b
2 450 3.11% 0.10
1 b
g b 2,64 +0.10
E 350
=1
B a5
g 250 2
& o 1.04 £ 0.10
¢E~ 2.00
= 1.50
2
©
2 100
& s
g 050
0.00
iy - fiunia
LEH]
TLS-01 AsNYRg

ﬂ’]W‘VI 3 mmﬁuwuﬁsumNm'mmmmu ATUYTI
iWﬂLQaEJ ﬂ’)’]llEJ’]'JTULQHEJ“IJ@QG]UE]E)UVHU@“'JU (w3.)
ma‘dismmuﬂmwwmuaaumummu

waziAlivasRuaINalinIsInIEAI8AY TLS-01 &
andnuueiintulasdaasunisioiayfivlaves
AU UNIUALIULA AL ULTIAUNIINITINEAST
(p<0.05) lagAunianisinensil Growth
parameter LU 8.29 (AN 5) A1SINIZHAY
A TLS-01: ‘UEJZLIU‘WS']’J (1:1) mmsaamamaa
N19INTEAINTBIAY TLS-01 fillaussaus

WWW.tsj0s.org

Ussmauiild o o oo o
. . thwiinlu uwtingr | dwiingau
WIzAuBau B . "
N 158 (g) AuLage (g) 1ane (g)
NMUASIU
fi TLS-01 0.230 0.222 0.452
VA 0.216 0.193 0.409
funnsinens 0.363 0.345 0.707

A15197 3 LAAUINTNAAYDILU ANAULRAY LAY
UUINIRAYSIUVDIAUBIUNIURE I UM TURY
uaagUseinn

UssLvauild oy e 0
o dwinlu Umtngn Umingau
NTRHAVL M) ’ o i
. 18w (g) AuLaae (g) e (g)
uALI
fiu TLS-01 0.036 0.015 0.051
PUREL 0.025 0.019 0.044
AunaNsinens 0.038 0.037 0.075

A15197 4 wanainuiinuievesly amumaa Lay
u’muﬂLaaasamaqmuaaumumvauwwaviumuLLm
avussian

mié’uﬁw?'l wazaani1saudluneurinli
LﬂaiLszjummmWiumawisammﬂ (air-filled
porosity) mamamﬂamwmu aqwaiwsqmaﬂmi
Tumeua sarednaziiulselovifuiald
aasuu Fuflewiu Sadiamnududusing g Tudan
UgmqnmumwmﬂﬁﬂiuamﬁmwiumsmLaim
AR YYBRUNIUnzIugaulaf lianaA19A
nAuaNUANIANYeIfY TLS-01 4
a9AUsENaUs AR luNIsIaSYLRUTRYBINY
ADUY19A waldaru1savanUasseenuila
LuaqmﬂﬂmauummamEjmwvfl,ummvau nae
msmummmﬂwwﬂmummmmﬂmmmu
WmfﬂimL@UIG\”I@@ﬂML&JEJLVIEJUﬂU TLS-01 fiau
USuusa (A7t 4A) Imamamamavuaﬂmmu
aﬂluamavmafmwnﬂivms 1 was grungll
USnauthduuuiaiwigiiviloutu anv
a1sdrfiaiuanuaiusalunisduduiiiuas
AUNUYRIRUla nasnaulidiudisusuuye
autAn19fininvesiu Tnatduunasveesig
RN MFRTGH mmLﬂuﬂiviwumaqmmmmiwsa
LLauaaumﬂ (#1574 5)
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Concentration of humic

Average?
Famvan (A) substance (B)
Bl B2 B3
1) fiu TLS-01 531 6.36 5.88 5.85b
2) Yauenim 4.26 3.96 3.94 4.05¢
3) funsng 6.82 9.81 7.74 8.12a
4) AUNNNITAYAT 5.86 6.08 6.01 5.98b
5) fiu TLS-01: 9
. 7.45 8.54 6.10 7.36a
wywina (1:1)
6) fiu TLS-01: 318
4.33 5.59 3.20 4.37c
(1:1)
Average 5.67 6.73 5.48
F-Test
A "
B ns
AXB ns

M151971 5 N1SIATILANANNADRLNDWIANUFTUNUS

senineianuan(A) wazUsunaansdqlia (B) V

ns=Not significant, *= Significant at 95% confidence
level.

1/ B1= $rfiaAnnuidudusnsiiugii, B2= §1danu
IFUTUANUTUTUNINAIERT U 1190, wag B3=
F21AAMUITNTUANNTUTUNINATIDR T UL 2
wn o

2/ Aadunuiefidnysediu Ao laillfodAny
1 p<0.05 1agAs DMRT LilotU3auLfisunnuuanmig
seninalsziandanuan

dnwarlulasualgadrdiauaznisiniziugeu
VI']‘I.JG\"'JUﬂ’JEJﬂ']iI‘Ua’JSJﬂIui‘ULL‘U‘UGI'N“]
anwmvmamamwsuaa"l,u‘[ml,l,ﬂﬂeuammm
1%'1'51/1@% Gum Arabic (GA) fianadinaty
YUY miuiﬂsLLszziaa'mﬂwsLszjmwawbu Whey
protein isolate (WP tJuindnduinia
YUY Lﬂmﬂuiuiﬂﬁmﬂmaawﬂw’l%mwaw
PVA fidnuwaly LUuIWuau'}mamiummm
UadLiudnwny glinreldndosganssail
dlannseu Luaqmﬂﬂmauum’lumimuiﬂim il
maaaaumanaaa%amiﬂwmawma 411
WU'J'] 11JIF13LLF’11J‘UE1‘1/]‘WE]‘1/13J@’JEJ WPI wag GA 3id
tmadudssnieuurueniudiussnaniu
drundeveny 10 11 JanuwasAaenilauwny
nareduiifisuinefiaund daunisAnudnuae
AILNABIYANTIAUBLANATOULUUABINTIA WU

WWW.1sj0s.org

AN 4 AnYUzNISI3YLRUTAIYEINUBIUNIUNSIU
Mgnaedu TLS-01 (A) LIguiiguiuiunianyms
(B) ApumsuFuUTsAun Ay

12000

£0.00

60.00

20.0

20.00 ‘ ‘
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Abstract

Coconut palm pest infestation is a major problem for farmers. The rhinoceros beetle is a common
pest. Severe infestations of rhinoceros beetles can even result in coconut trees dying. Synthetic
rhinoceros beetle pheromones, used to lure rhinoceros beetles into traps, are commercially available
but are expensive. Here the possibility of deriving extracts from parts of the coconut palm to use as
lures to replace the commercially available lure was studied. Extracts were derived from the leaves
and the young shoot of the coconut palm and tested for their ability to lure rhinoceros beetles, with
the commercially available lure used as a control in the tests. It was found that extracts from
coconut shoot were effective in attracting rhinoceros beetles at a level similar to synthetic
rhinoceros beetle pheromones. The use of extracts from coconut shoot in place of commercially
available synthetic rhinoceros beetle pheromones is therefore recommended as a low-cost and
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environmentally friendly alternative for coconut farmers.

Keywords: rhinoceros beetle, lure, coconut shoot extract, synthetic pheromones

1. INTRODUCTION

Coconuts are an important cash crop in Thailand,
and have always been important in the life and
culture of the Thai people. Coconuts are an
important factor in Thai cuisine. Uncontrolled
coconut pest outbreaks have resulted in the land area
under coconut cultivation being reduced and
converted to other crops such as sugar cane and
rubber. The longevity of coconut palms makes
controlling pest populations more difficult, and
results in the area of pest infestations increasing.
The resulting damage to coconut plantations has
resulted in a decline in coconut yields to a point
where coconut production is insufficient to meet
demand. (Thai PBS, 2012).

Rhinoceros beetle (Oryctes rhinoceros) infestation
is a common problem for coconut farmers.
Rhinoceros beetles damage coconut trees by boring
into the heart of the crown, causing the coconut tree
to eventually die. Research has shown that male
rhinoceros beetles produce a mix of pheromones
(aggregated pheromones) which attract both male
and female beetles. The Pheromone ethyl 4-
methyloctanoate (E4MO) can be used as a control

agent for rhinoceros beetles using mass trapping to
control beetle populations, with the ratio of attracted
male to female beetles being 1 to 3. (Purba, 2000)

Synthetic EAMO is a volatile liquid substance. It is
typically sold in a bulb that can be slowly
evaporated and released. The E4MO bulb will
typically las approximately 12 weeks after the
installation of the trap, depending on the
temperature of the area. A study of trapping in
Malaysia showed that 56 - 70 % of the rhinoceros
beetles trapped are female, and that trapping can
reduce the population of female rhinoceros beetles,
especially when pregnant female rhinoceros beetles
are trapped. ( Phiphat, 2007 )

Commercially available synthetic rhinoceros beetle
pheromone is quite expensive, and is a significant
cost for farmers when trying to prevent rhinoceros
beetle infestations through trapping. The potential
for using extracts from the coconut palm to replace
the synthetic pheromone in trapping was therefore
investigated, as a way of reducing farmer costs
while still allowing them to control rhinoceros
beetle infestations in coconut plantations.
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Figure 1. Initial setup of the testing fields, with the lure
at one end and the 10 beetles placed at least 40 cm away.

2. METHODS

Preparation of the extract from leaves and young
coconut shoots

Coconut leaves and young coconut shoot (heart of
coconut) were kept at 40 °C for 24 hours to dry, and
then thoroughly ground into a powder. A sample of
100 g of the coconut leaf powder was stirred into
500 ml of hexane, then covered and left for 24
hours. The same was done with the coconut shoot
powder. After 24 hours, the mixture was filtered
with a cloth, and then evaporated in a vacuum
evaporator until only a viscous extract remained.
The resulting extracts of coconut leaf and coconut
shoot was stored at 4 °C.

Testing Extract Luring Effectiveness

Three experimental fields, 40 x 80 cm, were made
using plastic sheets. Leaf extract, shoot extract, and
synthetic pheromone were placed in a small dish
approximately 10 cm from one end of each of the
fields, and 10 rhinoceros beetles were placed a
minimum of 40 c¢cm from the dish, as shown in
Figure 1. Fifteen minutes after the beetles were
placed, the number of beetles that had moved to less
than 40 cm from the lure were counted. The test
was repeated three times.
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Figure 2. The beetles after 15 minutes, with 5 beetles
within 40 cm of the shoot extract lure (trial 1).

3. RESULTS AND DISCUSSION

As can be seen in Figure 2, five beetles moved
closer to the shoot extract in trial 1 (left) while only
three beetles moved closer to the leaf extract in trial
2 (right). The results of the rhinoceros beetle lure
test data, shown as percentages, are shown in Table
1. The mean values of rhinoceros beetles lured with
synthetic pheromones was 66.7 with leaf extract
being 23.3. Statistical analysis showed that the
correlation between the rhinoceros beetle lure rate
for synthetic pheromone and leaf extract has a p-
value of 0.04, from which it can be concluded that
coconut leaf extract was significantly (at the p=0.05
level) less effective at luring rhinoceros beetles than

Percentage of the Beetles Approaching
Trial the Lures (%)
Coconut Leaf | Coconut Shoot |  Synthetic
Extract Extract Pheromone
1 20 50 60
2 30 70 60
3 20 70 80
Mean 233 63.3 66.7

Table 1. The results of the lure tests
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synthetic pheromones. Comparing the shoot extract
to synthetic pheromone, it was found that the p-
value is 0.67, indicating that shoot extract was
equally effective (at the p=0.05 level) at attracting
rhinoceros beetles. Finally, it is clear that the shoot
extract is more effective than leaf extract in its
ability to attract rhinoceros beetles.

We acknowledge that the few trials done here
reduce the level of confidence in the results. More
extended testing must be conducted before it can be
recommended with confidence that farmers may use
coconut shoot extract instead of purchased synthetic
pheromone for controlling rhinoceros beetle
infestations, as a way of reducing cost and
environmental impacts. More testing is needed to
determine the efficacy and durability of coconut
shoot extract in lure of rhinoceros beetles of both
genders. Extensive field tests in coconut plantations
using traps must also be done. Further testing on the
effectiveness of extracts from other parts of the
coconut palm, such as coconut meat or shells, might
also be useful.

4. CONCLUSION

It was shown that coconut shoot extract is likely
effective as a substitute for commercially available
synthetic pheromone for use as rhinoceros beetle
bait for coconut tree pest protection, as it was as
effective as the pheromone in luring beetles. The
extract from coconut leaf was shown to be
ineffective as a lure for the beetles, with lure rates
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much lower than for either shoot extract or synthetic
pheromone.
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The Effect of Water Quality and Phytoplankton Density on
the Growth of White-throated Oysters
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Chulabhorn Science School Trang
196 Moo 4, Trang-Sikao Road, Thap Thiang, Mueang District, Trang 92000
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Abstract

Water quality: salinity, temperature, pH, dissolved oxygen (DO), phytoplankton density, and levels of
ammonia and nitrites were monitored over four months at three oyster growing sites on the coast of Trang,
Thailand. When the results were compared to measured average growth rates it was found that a
combination of low salinity, low phytoplankton density and higher than recommended levels of ammonia
and nitrites, were associated with a reduced rate of growth of the tropical oyster Crassostrea belcheri.

Keywords: White-throated oyster, Crassostrea belcheri, water quality, phytoplankton

I. INTRODUCTION

The tropical oyster Crassostrea belcheri is a large
bivalve that is extensively farmed in the coastal
waters of the Gulf of Thailand. They are in high
demand on the local market. Almost all the oysters
currently available are cultivated naturally, with
the mollusks feeding on small aquatic plants
suspended in saltwater (Siriphan, 2019).

Opyster farming in the coastal waters of Trang takes
place at three locations, Ban Laem Makham, Ban
Laem Sai and Ban Laem. Water quality at each of
these locations is influenced by different
geographical features. Ban Laem Makham sits
between the Trang Sea and the outlet of Khlong
Kalase, a freshwater canal, which may reduce
salinity. Ban Laem Sai is located between the
Trang and Krabi seas, and is less influenced by
freshwater runoff from the land. Ban Laem lies
between the Trang Sea and the outlet of Khlong
Palian, which has a large discharge of fresh water
resulting in reduced salinity and a reduced density
of phytoplankton. These factors may affect the
growth and survival rates of oysters.

Waewta Thongraa et al (1995), conducted a study
of water quality in oyster farms in Ang Sila,
Chonburi Province. They found that water pH, DO,
temperature, salinity, and ammonia and nitrite
values were within the standards set by the
Pollution Control Department (2006), but to date
there have been no studies published on the effect
of phytoplankton density and water quality on the
growth rate of oysters.

This study compares plankton densities and water
quality data with measured growth rates at the

three sites in Trang province. It is hoped that the
findings will improve area selection for the future
development of oyster farming in the region.

II. METHODS

Study Areas and Experimental procedures
Figure 1 shows the three selected areas for study in
Trang Province: (a) Ban Laem Makham, Sikao
District, which is close to a large fresh water
Khlong outlet, (b) Ban Laem Sai, Sikao District,
which is less influenced by fresh water runoff, and
(c) Ban Laem, Kantang District, which is an
estuary area, allowing fresh water to flow through
during the wet season.

Two hundred and seventy oysters, four months old
and of similar size and shape were selected. Three
cages, each 3 x 3 m were prepared along with nine
baskets used for raising the shellfish, each

(c) Ban Laem

Figure 1. The selected study locations in Trang province.
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measuring 33 x 22 cm. Thirty shells were put in
each basket and three baskets were placed in each
cage. A random selection was made of ten shells
in each basket that were marked and inspected each
month for size and weight.

Data collection

Water quality was determined following the
GLOBE method (GLOBE THAILAND, 2021).
Water samples were collected for measuring
temperature, pH, DO, salinity, and ammonia and
nitrite levels each month for a period of four
months. Temperature was found at the time of
sampling with a thermometer. pH was found with
a pH meter, dissolved oxygen with a DO meter and
salinity with a salinity meter. Each measurement
was made three times and the results averaged.
Ammonia and nitrite levels were found following
the method used by the Department of Fisheries,
Ministry of Agriculture and Cooperatives in the
Department of Agriculture (2019).

To determine plankton density, three 20-litre
surface-water samples were collected in each
location and filtered through a phytoplankton filter
bag with a pore size of 20 um. Neutral formalin
drops were added to each sample until the
concentration reached 0.5% before the sample was
taken to the laboratory where the plankton density
was measured.

III. RESULTS AND DISCUSSION

Growth and survival rates

No deaths were recorded, as the water quality in all
three locations was within or near recommended
levels. As seen in the figures below some of water
quality factors and phytoplankton density varied in
different locations but the effects were limited to
growth rates.

The largest growth rate was in Ban Laem Sai with
an average increase in oyster size and weight of

Size and Weight of Oysters (%)
140
40 5, I 48
T 20 T2l 13 JT- 23 | R
20 o i I I ! I |
» HlE Ewms
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Percent Growth

60
31 27 25

Oysters Growth Parameters

B Ban Laem Sai ¥ Ban Laem Makham Ban Laem

Figure 2. Growth rates in each location.
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109%. This was followed by an increase in size and
weight at Ban Laem Makham of 94%. The smallest
increase, in Ban Laem, was just 48%.

The water quality in all respects at Ban Laem Sai
and Ban Laem Makham was within the pollution
control standards, but in Ban Laem there were
some factors that did not meet the standard. The
growth rate in Ban Laem was low, probably as a
consequence.

Water quality

The mean temperatures in each neighborhood were
within the recommended range of 19-28°C (Figure
3). The pH values in each location were within the
recommended range (7-8), and DO values in each
case were above the recommended minimum of 4
mg/L. The salinity at Ban Laem Sai and Ban Laem
Makham was within the recommended range (25-
33 ppt) but at Ban Laem the salinity was
lower. Ban Laem Sai, with the highest salinity, had
the highest growth rate and Ban Laem had the
lowest.

At Ban Laem Sai and Ban Laem Makham the
levels of nitrite were low (less than 0.02 mg-N/L)
but the mean values at Ban Laem were higher than
recommended (Figure 4) which makes the water
toxic to oysters. The ammonia levels were also
higher in Ban Laem. High ammonia content
indicates high sediment levels that affects mollusk
respiration. Both factors may have contributed to
the low growth rate at Ban Laem.

Phytoplankton

Because oysters are filter feeders, low
phytoplankton density in the seawater may slow
oyster growth due to insufficient food. It was
found that average phytoplankton densities at Ban
Laem Sai and Ban Laem Makham were similar.
Growth rates were also similar at these two
locations. At Ban Laem phytoplankton density is
lowest (figure 5) and the growth rate was also low.

Water Quality Factors
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Figure 3. Average temperature, pH, DO and salinity.
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Figure 4. Mean levels of nitrite and ammonia in each
location.

4. CONCLUSION

Temperature, pH, and DO values in all three
locations were similar and well within
recommended levels, but there was a significant
difference in salinity. Ban Laem Sai, the location
with the highest oyster growth rate had the highest
salinity of 28 ppt. The lowest salinity, just 15 ppt,
which is significantly less than recommended
occurred at Ban Laem, which also had a lower
growth rate. Ammonia and nitrite values exceeded
the standard in Ban Laem and phytoplankton levels
were low. These three factors likely contributed to
the low growth rate at Ban Laem but their relative
importance cannot be determined from the data.
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Abstract

Improved methods of processing latex into rubber sheets will improve the incomes of small rubber producers. There are
two ways in which latex can be processed into rubber sheets: fumigation and solar incubation. The fumigation method
is expensive and produces pollution, but solar incubation can cause dark, sticky rubber sheets due to UV radiation, which
reduces their value. (Aguele, 2015) A low-cost and environmentally-friendly solution to this problem was investigated
here. A UV-protective roofing panel made using Nitrogen-doped Graphene Quantum Dots (N-GQDs) was developed
and tested. N-GQDs were made using the hydrothermal process for 2 and 4 hours (T2 and T4) and the solvothermal
process for 4, 6, and 8 hours (TS4, TS6, and TS8). It was found that all types of N-GQDs absorbed light in the UV
range, withT4 showing the greatest absorption. T4 had the greatest Fluorescent Intensity (FL) value, emitting blue light,
while for the solvothermal method TS6 had the highest FL value, emitting red light. T4 and TS6 were chosen for further
testing, and were applied to a clear roofing tile. After installing the roof on the chamber, the temperature inside was
higher than outside. The UV protection efficiency of the roof was measured at 93.27%. The average temperature was
45°C, which is the temperature needed for drying rubber sheets. Due to the roof’s capability to absorb UV radiation and

heat the chamber, our N-GQDs roof has a great ability to produce higher-quality rubber sheets.

Keywords: rubber sheet, drying chamber, N-GQDs roof, UV-protection

I. INTRODUCTION

Thailand is a major rubber producer. Thai rubber
plantation farmers still prefer to convert fresh latex to
raw rubber sheets because most Thai rubber
plantations are small plantations with low
productivity. Most of the rubber is processed into raw
rubber sheets by the individual farmers to be sold to
merchants or fumigation factories. (Kampan, 2017)

The processing of raw rubber latex into rubber sheets
can be done in two ways: by fumigating raw rubber
sheets or by drying raw rubber sheets. For the
fumigation of raw rubber sheets, the cost of firewood
is high, and heat loss is typically high. The second
method, drying by solar incubation, can be considered
a clean energy alternative that is not toxic to the
environment and has unlimited renewable power.
(Aguele et al., 2015) However, existing incubators
often encounter problems with the formation of sticky
and dark rubber sheets due to exposure to UV
radiation, which reduces the value. One solution to

the problem of UV damage is to use polycarbonate
roofing tiles, but polycarbonate degrades, leading to
long-term plastic waste issues. (Bacon et al., 2013)

Graphene quantum dots (GQDs) are particles having
low biotoxicity and also have fluorescence properties.
GQD particles absorb most radiation in the UVB
range, and emit light covering the entire visible light
spectrum, including the red part of the spectrum (Sk
et al., 2014). The efficiency of GQDs can be
improved by coating them with nitrogen, called
Nitrogen-doped Graphene Quantum Dots (N-GQDs),
which was found to increase the fluorescence
quantum yield, or fluorescence efficiency, by up to
94% (Qu et al., 2014). The efficiency of GQD
particles as a fluorescent agent capable of absorbing
UV radiation makes them effective as a particle for
UV protection. (Purcell-Milton & Gun'ko, 2012)

Two low-cost methods for synthesizing N-GQDs are
hydrothermal and solvothermal which use different
solvents. The hydrothermal method uses water as a
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solvent and the solvothermal method uses acid as a
solvent. (Gu et al., 2016)

Here, we develop and test the effectiveness of N-
GQD-coated UV-protective roofing for rubber sheet
drying plants to produce high-quality rubber sheets
according to ASTMDS882 standards, which is the
standard for testing physical properties of the
polymer. The N-GQDs roofing dryer also uses clean
energy that is not toxic to the environment and is a
renewable energy. This allows farmers to reduce their
energy costs while producing higher quality rubber.
For this reason, UV-protective N-GQD-coated
roofing tiles may help to increase the country's
potential in rubber sheet exports as well as the income
of rubber farmers.

II. METHODS

Synthesis and spectroscopy of the N-GQDs
Hydrothermal N-GQDs were synthesized by adding
2.1 g of citric acid and 1.8 g of urea to 50 ml of
deionized water and stirring until the solution fully
dissolved, then heating at 160 °C for 2 and 4 hours.
(T2 and T4, respectively). A  UV/VIS
spectrophotometer was then used to observe the
wavelengths absorbed by T2 and T4. Finally, the
spectrum emitted by a Fluorescence Intensity (FL)
spectrophotometer using excitation wavelengths
ranging from 250 to 375 nm was observed.

Solvothermal N-GQDs were synthesized by adding
2.1 g of citric acid and 1.8 g of urea in 50 ml of 7.4 M
sulfuric acid and stirring until the solution fully
dissolved, then heating at 210 °C for 4, 6, and 8 hours.
(TS4, TS6, and TS8, respectively). The UV/VIS
spectrophotometer was then used again, and the FL
spectrophotometer was used for wavelengths ranging
from 250 to 425 nm.

Figure 1. The rooﬁngtie Figure 2. The drying
in the acrylic mold chamber
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Making and testing of N-GQDs roofing tiles

T4, which absorbs light at the widest spectrum and
has the highest FL, and TS6, which emits the highest
wavelength and has the greatest FL, were chosen for
further testing. 125 ml of each solution was mixed
with 10 g of polyvinyl alcohol (PVA), then heated at
60 °C with constant stirring for 2 hours. The solution
was then poured into 10 x 10 cm and 50 x 50 cm
acrylic molds (Figure 1) and allowed to cool until it
formed a solid sheet. The sheet formed from PVA
containing T4 is called P-UV and TS6 is called P-IR.
The 10 x 10 cm sheets were cut into 5 pieces of 2 x
10 cm and tested with an ASTMD882 standard
Tensile Tester.

UV-protection and heating efficiency of N-GQDs
roofing tiles

One sheet each of 50 x 50 cm P-UV (on top) and 50
x 50 cm P-IR were layered to form a roof structure
which was placed in direct sunlight. A UV meter was
used to measure UV intensity at 12:00 pm directly
above and below the roof at 5 points on the roof for 7
days. A drying chamber with dimensions 0.5 x 0.5 x
0.5 m was built with the same 2-layer P-UV/P-IR roof
design, and placed outside, as shown in Figure 2.
Temperature measurements inside and outside the
chamber were made for 7 days at 8:00, 12:00, and
16:00.

III. RESULTS AND DISCUSSION

The spectroscopy of N-GQDs for different
hydrothermal synthesis periods

Figure 3 shows that T2 and T4 both absorbed light in
the UV range, but T4 had the wider absorbance range
which is an important consideration for rubber
production. Because the bandgap size, or energy
band, of N-GQDs, is approximately 4 eV (Chuang,
2000), the particles do not absorb light with lower
energies than the energy band. The energy of UV light
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Figure 3. The absorbance spectrum of T2 and T4 solutions
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Figure 4. The emission spectrum of T4 solution

is 3—124 eV, allowing the N-GQD particles to absorb
light in the UV range (Gu et al., 2016). However, the
reason behind why is T4 can absorb light at wider
range unclear.

Figure 4 shows that when T4 was stimulated at a 300
nm wavelength, it had the highest FL value, with a
peak wavelength of 438 nm showing that the roofing
tile containing T4 best protects against UVB light.
The synthesis time of N-GQDs directly affects the
particle size (Papaioannou et al., 2019). In other
words, a longer synthesis time will result in a decrease
in the size of the particle. If the particles are too large,
the properties of N-GQDs such as fluorescence are
also reduced. (Gu et al., 2016)

The spectroscopy of N-GQDs for different
solvothermal synthesis periods

Figure 5 shows that all three solutions had the greatest
absorbance in the UV range. Solvothermal synthesis
uses sulfuric acid as the solvent. This gives a sulfur
coating to the N-GQD particles, which increases the
energy band gap (Shi et al., 2022) and decreases the
wavelength that the particles absorb.

Figure 6 shows that TS6 had a peak FL value at a
wavelength of 525 nm and continuing to the red-light
range for longer excitation wavelengths tested.
Comparing the TS6 emission spectrum results to the
results for the TS4 and TS8 (not included) showed

e €X -2 50 e €X-275 ex-300 ex-325

—X-350 €X-375 mmmm €X-400) e X425

Intensity (a.u.)

370 420 470 520 570 620 670 720 770
‘Wavelength (nm)

Figure 6. shows the emission spectrum of TS6 solutions
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Figure 5. Absorbance spectrum of TS4, TS6, and TSS8
solutions

that the synthesis time of 6 hours was the condition
for which the FL was the highest, which means that
this is the most appropriate condition to use for
developing rubber-drying roofing tiles. In addition,
TS6 emitted light at higher wavelengths than the
hydrothermal synthesis. This is because the presence
of sulfur coating causes the nanoparticle size increase
which causes the light emission wavelength spectrum
of solvothermal synthesized particles to be higher
than that of hydrothermally synthesized particles.
(Liu et al., 2013)

The Properties of N-GQDs roofing tile

As shown in figure 7, P-IR had the lowest strength
and elongation at break, while PVA had the highest.
P-UV can be stretched the most at 141% and the least
is P-IR at 124%. The tensile strength of P-IR, P-UV,
and PVA were 40, 61, and 71.5, respectively.

P-IR roofing sheets contain a mixture of sulfuric acid-
based N-GQD. In 2000, it was reported that acetic
acid content affects the structure of the PVA sheet,
resulting in a decrease in the thickness of the PVA
sheet and an increase in porosity due to the H;O"
concentration. As a result, the sulfuric acid-
containing P-IR is less resilient than the P-UV roof
due to the concentration of H3O" ions, resulting in the
sheet being more porous. (Chuang, 2000) Similarly,
P-UV still shows a stress-strain curve comparable to
PVA (control sample) but slightly lower. While the

80 —— P-IR PVA o P-UV
70

Tensile stress (Mpa)

0 20 40 60 80 100 120 140 160 180 200
Strain (%)
Figure 7. Stress-strain curves for P-IR, P-UV, and PVA
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Figure 8. The average intensity of UV light above and
below the P-UV/P-IR roofing assembly.

addition of T4 and TS6 did reduce the strength of the
sheets, they are still usable for the intended
application.

UV-protection and heating efficiency of N-GQDs
roofing tiles

Figure 8 shows the average UV levels measured
above and below the P-IR/P-UV roof assembly at
noon. As can be seen, the average UV measured at
the upper and lower side of N-GQDs is 3.54 mW/cm?
and 0.25 mW/cm?, respectively, giving an average
UV protection effectiveness of 93% over the 7 days
of testing.

Figure 9 shows that the temperature inside the
chamber which use both P-UV and P-IR was higher
than the temperature outside the chamber. The day
with the highest indoor temperature was December
S5th at 12:00, when it was 50.8 °C. The average
temperature difference between the inside and outside
of the chamber at 8:00 was 5.2°C, at 12:00 was 9.1°C,
and at 16:00 was 7.1°C.

IV. CONCLUSION

From our study, we found that after synthesis, T4 had
the highest absorbance in the UVA, UVB, and UVC
ranges. In addition, TS6 had the highest FL in the
range of red light. When the polymer was molded, we
found that the P-UV roof from T4 retained more
strength than the P-IR roof from TS6. After studying
heat storage efficiency, we found that the temperature
inside the solar drying chamber was higher than the
temperature outside. The average UV protection
efficiency of N-GQDs roof was 93.3%. Lastly, the
average temperature inside the solar drying chamber
was 43°C, which is the most suitable temperature for
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8:00 12:00 16:00
Date Temp e | Temp e | Temp e | Temperature | Temperature | Temperature
inside (°C) | outside (°C) | inside (°C) | outside (°C) | inside (°C) | outside (°C)

1 Day 393 339 473 38.5 42.5 36.3

2% Day 39.8 34.6 47.9 39.1 43.1 364

3 Day 40.2 35.0 48.2 38.8 43.8 36.9

4% Da 38.3 34.0 50.8 39.1 42.6 36.5

5% Da; 38.9 34.6 47.0 38.0 44.8 37.0

6" Day 38.6 32.1 45.7 375 45.1 374

7% Da 39.7 345 48.0 39.7 44.8 36.5

Average Eo5 34.1 47.8 38.7 43.8 36.7

Figure 9. shows the indoor and outdoor temperatures
recorded in 3 time periods for 7 days

drying rubber sheets. Finally, we can conclude that
our innovation, N-GQDs roofs can defend against UV
rays while increasing the temperature in the chamber.
The P-IR/P-UV roof tile on a rubber drying chamber
can significantly enhance the efficiency of the drying
process. The improved efficiency results in a higher
yield of high-quality rubber sheets, which translates
to higher income for rubber farmers and improved
economic conditions in Thailand's rubber industry.
While the findings suggest that N-GQDs roofing
material is effective in reducing UV radiation and
increasing temperature in a drying chamber, the study
did not directly test the effect of the roofing material
on the drying of rubber sheets. Further research is
needed to investigate the efficacy of N-GQDs roofing
material in actual rubber sheet drying. Furthermore, it
is important to note that the present study only
focused on comparing the efficiency of the N-GQDs
roof with a PVA roof. Further research can be
conducted to evaluate the efficiency of the N-GQDs
roof compared to other roofing materials, such as
plastic. Overall, the present study provides a
promising avenue for enhancing the efficiency and
economic viability of the rubber industry in Thailand.
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