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Editorial

The present Thaksin University Journal (TSUJ) Vol. 23 No. 1 (January - April 2020) is the first issue
out of three issues that will be issued in the year 2020. This issue was also published with 1 academic article
and 9 research articles. The fruitful academic article is “Application of Polyhydroxyalkanoates (PHAs)”
and 9 multidisciplinary of science and technology of research articles in Mathematics and Statistics (3),
biological and environmental science (1), wind energy (1), material physics (1), informatics system and
measurement (1), agriculture (1) and applied physics (1). I do expect that some of these articles would be
cited and referred in the near future by TSUJ readers and customers.

I would like to inform our readers and customers that the TSUJ was passed through the new and
high quality assessment by Thai Journals Online (ThaiJo) and was still accepted in the 1st group of the
competition with self-evaluation for another 5 years until 2025. I would also like to thank TSUJ authors
and readers who are real friends to help the TSUJ as one of the best journals for publication in the subject
of multidisciplinary of science and technology. In addition, I do hope to have many groups of researcher,
scientists and science authors in both Thailand and foreign countries come to join with us to elevate of the
journal’s standard in the near future.

Not only valuable authors but also reviewers who are exactly excellent contributions during the
past 5 years (2015 to 2019), have helped and supported us to maintain the journal’s quality for another 5 years.
Reviewers are an important part and therefore the reviewers merit sincere appreciation. For the success of any
journals, reviewers are an important part and therefore the reviewers merit sincere appreciation. TSUJ relies
on exertion and generosity of the reviewers on assessing suitability of a manuscript for publication in TSUIJ.
The reviewing of a manuscript is very essential to assure the quality of manuscripts published in any journals.
I thank all reviewers for their excellent contributions during the past 5 years (2015-2019) of TSUJ.

TSUJ welcomes the authors and researchers from all parts around the country to provide their
latest outstanding developments and modern research work for the publications of high quality papers having
research results either experimental or projected application in their related fields. TSUJ publishes original
materials concern with the theoretical underpinning, effective application and potential for evolving
technology integration in a global range at all edification levels. The journal provides immediate open access
to its content on the principle that making research freely available to the public supports a greater global
exchange of knowledge.

TSUJ editorial board and I ensure that this journal will be regularly published, widely read and
circulated, have highly impact and attract an adequate supply of high-quality papers from an national and
ASEAN range of author nationwide. Consequently, we have a plan to improve TSUJ quality up to international
level in the next two years. Therefore, we have to work harder and try to accomplish our goal as soon as

possible. Thank you very much and see you again in the next issue.

Asst. Prof. Dr. Prasong Kessaratikoon

Journal Editor
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Abstract
Nitrogen compounds in aquaculture systems resulted from excretion waste, feed and aquatic
organism remains. The treatment of nitrogen compounds is commonly used biological process by fixing
the microorganism on the surface of the material. Afterwards, the bacterial cell uptakes the nitrogen

compound, which is changed to other substances to create energy for bacteria growth. Denitrification is
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one of the biological processes in nitrogen compound treatment. In this process, microorganisms use nitrate
and organic carbon (carbon source) as electron acceptors and electron donors, respectively, in the respiration
process. However, the disadvantage of low carbon addition may lead to nitrate accumulation. On the other
hand, the excess carbon addition increased the organic content in the system. Therefore, the addition of
carbon should be controlled by the specialist. Biodegradable polymers such as polyhydroxyalkanoate
(PHA), are considered as an alternative to avoid the problem since there were advantages, which are, for
example, biodegradation, using biofilter and being carbon sources, without any effects on quantity of
nitrogen in water. In this research, we discussed the application of PHA as a carbon source to eliminate

nitrogen compounds in recirculating aquaculture systems.

Keywords: Aquaculture Systems, Nitrogen Compound, Polyhydroxyalkanoates, Denitrification, Biopolymer

Introduction

As an increasing of aquaculture industry also increase the environmental problem. Huge amount
of wastewater containing high nitrogen was discharged to environment. The removal of nitrogen and
phosphorus from wastewater has become an emerging worldwide concern because these compounds cause
eutrophication in natural water. Moreover, nitrate is a risk to human health, especially as a possible cause
of infant methaemoglobinaemia. Nitrogen removal technology, a cost effective and advanced wastewater
treatment technology, is growing in importance in Thailand. There are many techniques for nitrogen
treatment such as rotating biological contactors, trickling filters, bead filters and fluidized sand filters.
However, the applicable to extensive system and environmentally friendly process are still required. The
nitrogen removal using biopolymer is a novel technology. It has the advantage over the other techniques
that it is eco-friendly and relatively inexpensive. This make it an economically viable approach for

sustainable aquaculture.

Nitrogen Compound Treatment in Recirculating Aquaculture System

Fisheries are important to the economics of Thailand. In 2017, The Department of Fisheries
reported gross domestic product (GDP) of fisheries sector was 81 billion baht, increased to 9.32 % in the
same time on 2016 [1]. At present, aquatic animals in nature have decreased. The Department of Fisheries
has promoted aquaculture to solve such problems. Aquaculture is the process of raising aquatic organisms,
include plants (both small phytoplankton and large macrophytes such as seaweed), molluscs, crustaceans,
amphibians, and reptiles, in an enclosed area (e.g., earthen ponds, raceway, and net-pen) for use in the
fishing industry [2, 3]. Traditional aquaculture methods are low labour, easily managed systems, but they
can sustain fairly low stocking densities [4]. In order to improve the fish yield and profit, traditional
aquaculture has been transformed to intensive aquaculture system. However, intensification demands
increased inputs, such as fish and feed per unit culture area and, therefore, increased waste generation
from the aquaculture production systems. The impact of waste products from aquaculture has increased
public concern and threatens the sustainability of aquaculture practices [5].

Among the many existing aquaculture systems, the recirculating aquaculture system (RAS)
seems to overcome these limitations and can provide a form of sustainable farming for both marine and
freshwater species [6]. Nevertheless, recirculating water results in decreased water quality, primarily
through the accumulation of fish waste and uneaten food. The nitrogen budget of fish culture ponds showed
that fish only absorbed 11.6-46.5% of the nitrogen input in the feed [7]. Ammonia can be generated from
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protein deamination in residual feeds or via metabolism by fish (e.g., gill and renal excretion). Total
ammonia nitrogen is of importance in aquaculture, because ammonia is toxic. To effectively control
ammonia concentration in RAS, three processes such as physical, chemical, and biological processes are
used. However, biological nitrogen removal is a major process for ammonium removal in the wastewater

treatment. The advantages and disadvantages of biological process for the treatment of nitrogen compounds

in RAS is shown in Table 1.

Table 1 Advantages and limitations of conventional biological nitrogen removal processes [8].

Process Advantages Limitations
Bardenpho Total N concentration less than 3 mg/L - Large reactor volume is required
(4-stage) possible - Second anoxic tank has low efficiency
Predenitrification - Very adaptable to existing activated - N-removal capability is a function of
sludge processes 5-8 mg/L total N is  internal cycles
achievable - DO control is required before recycle
- Reparation of alkalinity because of
denitrification
Postdenitrification Capable of achieving total N levels less - Higher operating cost due to additional

Bio-denitro

Sequencing batch

than 3 mg/L

Large reactor volume is resistant to shock

load 5-8 mg/L total N is achievable

- Process is flexible and easy to design

carbon dosage

- Carbon dosage control is requireds

- More complex to operate
- Two reactors are required so as to

increase construction cost

- More complex to operate

reactor - Quiescent settling provides low effluent - Effluent quality depends on reliable
TSS concentration decanting facility
- Mixed liquid/solids cannot be washed - Be not suitable for large plants
out by hydraulic surges
- Secondary settling tank is not required
Oxidation ditch - Highly reliable process - Large structure, greater space

- Simple operation

- Capable of treating shock/toxic loads
without affecting effluent quality

- Economical process for small plants

- Well-stabilized sludge: low biosolids

production

requirement

- Low F/M bulking is possible

- Some modifications are proprietary and
license fees may be required

- Plant capacity expansion is more
difficult

- Nitrogen removal capability is related
to skills of operating staff and control

methods




ao - ao A e

msdszgnd l9ned lansenddant Tuen NIANTUNINNALTIN T
a 7 o 4 o o

99050 TUNIIA azauy 4 1 23 pafUA 1 uATIAV-UEIEY 2563

Thaksin.J., Vol.23 (1) January - April 2020

Table 1 Advantages and limitations of conventional biological nitrogen removal processes [8]. (continue)

Process Advantages Limitations
Step feeding - Distributes load to provide more uniform - N-removal capability is a function of
oxygen demand flow distributions

- To minimize high clarifier solids loading - Flow split is not measured or known
in peak wet weather flows accurately

- Adaptable to existing activated sludge - DO control is required before recycle
process - Flow split control is required to optimize

- With internal recycle in last stage, total ~ operation

N less than 5 mg/L possible

TSS, total suspended solid; DO, dissolved oxygen

Based on the microbial nitrogen cycle and the metabolism of inorganic nitrogen compounds (Fig. 1),
many biological technologies and processes have been developed and implemented for nitrogen removal from

wastewater [8].

N,O
Nitrous > N;
oxide Nitrogen
s v
. Nitrogen
fixati
", Ammonia pation
NH.OH oxidation NH," .
: — 4 G Biomas
Hydroxylamine Ammonium ion
- Nitrate
» reduction -
NO < _ NO; ¢——p O
Nitric oxide Dissimilatory nitrite Nitrite Nitrite  Nitrate
reduction oxidation

Figure 1 Microbial nitrogen cycle [8].

As a side effect, nitrate accumulation has been observed in RAS. Though significantly less toxic
than ammonia, nitrate is also toxic to aquatic organisms and, specifically, it is a threat to aquaculture fish
and shrimp at elevated levels. Therefore, a biofilter is usually installed as an integral part of a RAS to
mitigate ammonia accumulation via biological nitrification (nitrifying bacteria oxidizing ammonia to nitrite
then nitrate) [9]. The biological denitrification processes can be considered two steps processes, consisting
of the reduction of nitrate to nitrite followed by the reduction of nitrite to nitrogen gas. In the absence of

oxygen, nitrate becomes the terminal electron acceptor of choice, with a single oxygen atom removed
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from each nitrate ion, releasing one nitrite ion. This results in an undesirable release of nitrite, but in the
presence of excess organic electron donors (carbon), nitrite is converted first to nitrous oxide, immediately
to nitric oxide, and then just as quickly to nitrogen gas [10]. The carbon source used as an electron donor
for the denitrification process impacts the conversion rates of nitrate to nitrogen. The most commonly used
carbon sources for denitrification culture are methanol, acetate, glucose, and methanol. These sources are
water soluble and are readily available to bacteria. The addition of an insufficient carbon source may lead
to nitrate accumulation for incomplete denitrification, whereas the addition of an excess carbon source
may lead to an increase in the effluent organic matter. The management of liquid or water soluble carbon
sources for denitrification increases the cost of the process, and it will sometimes be overlooked in busy
aquaculture operations. A passive control system, requiring less supervision, can reduce the management
needed for its successful operation. Biodegradable non-water soluble polymers such as polyhydroxyalkanoates
(PHA), can be suitable carbon sources for denitrification [11]. For denitrification with PHAS as solid carbon
sources, microorganisms use the biopolymer in the form of pellets simultaneously as a biofilm carrier and
as a water insoluble carbon source for denitrification, which is accessible only by enzymatic attack [12].
The application of PHA as carbon source to eliminate nitrogen compounds in aquaculture systems has

been reviewed. The utilization of PHA for nitrogen treatment has never been reviewed before.

Application of Polyhydroxyalkanoate (PHA) for Nitrogen Compound Treatment in
Recirculating Aquaculture System (RAS)

PHA is biopolymers synthesized by microorganisms as lipid inclusions for energy storage in
granular forms within the cellular structure. PHAs are natural polyesters of 3-, 4-, 5-, and 6-hydroxyalkanoic
acid, which are thermoplastics [13]. PHA has properties similar to petrochemical polymers, such as
polypropylene or polystyrene [14], and excellent biodegradability through enzyme activity by
microorganisms. Therefore, PHA is used in industry to replace petrochemical plastics [15]. PHA is solid,
non-water-soluble biopolymers that can be used as alternate self-regulating carbon sources [11]. In nitrogen
compound treatment processes, PHA is often used as solid substrates in denitrification. There are various
types, but the most popular PHAs are poly-B-hydroxybutyrate (PHB) and poly (3- hydroxybutyrate-co-3-
hydroxyvalerate) (PHBV), and the monomers are poly-3-hydroxybutyrate and poly (3- hydroxybutyrate-
co-3-hydroxyvalerate), respectively. Advantages and disadvantages of using PHA in aquaculture systems

are shown in Table 2.
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Figure 2 Chemical structure of polyhydroxyalkanoates (a), poly-B-hydroxybutyrate (b) and poly
(3- hydroxybutyrate-co-3-hydroxyvalerate) (c) [16].

Table 2 Advantages and disadvantages of using polyhydroxyalkaniate (PHA) in aquaculture systems.

Advantages Disadvantages
® Non-toxic ® The polymers are highly expensive
® Biodegradable by naturally occurring bacteria ~ ® Degradation of PHA is incomplete, methane
® Safe and easy process can result as an end product
® The use of PHA has no potential risk of release ~ ® Gradually degraded by biological process
of dissolved organic carbon with the resultant which may lead to carbon source lacking for
deterioration of effluent water quality denitrification

Boley et al. (2000) [12] was the first to report the application of biodegradation polymers as
solid substrate and biofilm carriers for denitrification. The denitrification process with biodegradable
polymers presented here is a simple process. Microorganisms simultaneously use the biopolymer in the
form of pellets as a biofilm carrier and as water insoluble carbon source for denitrification, which is
accessible only by enzymatic attack (Fig. 3). There are two key steps involved mechanism of biofilm bacteria
degrade bioplastic: (i) the polymer cleavage backbone, named depolymerization, where hydrolysis and
oxidation are the main responsible, together with the extracellular enzyme, responsible for the cleavage
on internal linkage (endo-action) and on the terminal polymer molecules (exo-action); (ii) the mineralization,
which occurs inside the cell responsible for microbial degradation. Bioplastic could degrade aerobically
in wild nature, anaerobically in sediments and landfills and partially aerobically/anaerobically in compost
and soil. During the aerobic biodegradation, carbon dioxide and water are produced, while during anaerobic

biodegradation, water and methane is produced [8].
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Figure 3 The comparison of different carbon source for nitrogen compound treatment [12].

The study indicated that denitrification using biodegradable biopolymers is a safe and easy
process whereas the polymers are highly expensive. In addition, Qiu et al. (2016) [17] detected the effects
of solid-phase denitrification on nitrate removal. The data showed that nitrate levels decreased and were
maintained below 10 mg/L after 100 days of running in a RAS. In contrast, the nitrate concentration of
the control increased, reaching 100 mg/L. Thus, PHA is considered a good choice as an organic carbon
source for denitrification. The treatment of nitrogen compounds using biodegradable polymers as carbon
sources is better than soluble organic carbons because the addition of soluble organic carbon would result
in organic carbon loss and water dissolved oxygen (DO) drop, which causes stress for the aquatic organism
and it might cause increase in mortality. Meanwhile, less amount of soluble organic cannot achieve
acceptable denitrification performance [18]. In RAS, soluble carbon, such as glucose or molasses, was
added when ammonium increased. The external carbon sources are added in order to improve the ratio of
chemical oxygen demand (COD) to nitrogen and consequently to increase the efficiency of denitrification
processes. Pérez-Fuentes et al. (2016) [19] found that adding molasses at concentrations of > 0.12 g/L
caused a dramatic decrease in oxygen (from 3.2 to 1-1.5 mg/L), but this was recovered after 1 hour. The
suddenly and temporarily lowered the DO concentration, leading to stress, and increased oxygen demand
to the aquatic organism. On the other hand, denitrification with biodegradable polymers have been used
as organic carbon sources and biofilm carriers. The release of organic carbon from biodegradable polymers
is the result of enzymatic attack, and the released amount was determined by bacteria demand. In the
presence of microorganisms, such as bacterial and fungi, the macromolecular chains are broken, starting
the biodegradation process. It is likely that the use of biodegradable polymers carries no potential risk in

causing deterioration of the effluent quality by releasing dissolved organic carbon (DOC) [20].
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Future Prospects for the Utilization of PHA for Nitrogen Removal

PHA is a kind of polymer that is receiving attention because it is a material that can be degraded
by the action of microorganisms in the environment. However, the application of PHA as carbon sources
in the treatment of nitrogen compounds in aquaculture systems has obstacles because PHA is more expensive
than other biofilters. At this time, genetic improvement of microorganisms has been made in order to
increase the production of PHAs. Bacteria used for PHA production include Cupriavidus necator,
Pseudomonas sp., and Escherichia coli [20-21]. The use of PHAs as the solid substrate for denitrification
has several advantages over the conventional system supplemented with liquid organic substrate. PHAs
serve not only as constant source of reducing power for denitrification but also as solid matrices favorable
for development of microbial films. Moreover, the use of PHAs has no potential risk of release of dissolved
organic carbon with the resultant deterioration of effluent water quality. If the production cost of PHAs

can be brought down, its application to the denitrification process will become economically more promising.

Conclusion
Biological processes for nitrogen compound treatment include nitrification and denitrification.
PHASs can be applied in biological processes as carbon sources and biofilm carriers because they have the
advantage that can being biodegradable. However, the high price of PHA is still a major barrier. The
reduction of PHA cost by the genetic improvement of microorganisms has been made in order to increase
the production of PHAs. In the cooperation with utilize of PHAs combined with other biofilters, such as
sponges, to increase the efficiency of the bioreactor and to reduce the cost of building the nitrification

reactor. However, research on PHA for nitrogen compound treatment should be studied in greater detail.
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Abstract
Let a simple graph G = ((V(G), E(G)) be connected and undirected graph with p vertices and
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Abstract

Test diets for Nieuhofii’s catfish were supplemented by di-calcium phosphate at 0.2-1.3%
available phosphorus, AvP. Feeding trial was undertaken in 0.55-0.56 g average body weight Nieuhofii’s
catfish for 8 weeks. It found that the highest average body weight and weight gain was found in the
fish fed 1.3% Avp di-calcium phosphate (p < 0.05). Survival, feed conversion, moisture, lipid and ash in
fish body were not significantly different among treatments (p > 0.05). Protein content in the fish fed all
di-calcium phosphate supplemented diets were higher than the control (p < 0.05). Diet with 1.3% Avp
di-calcium phosphate supplementation resulted in higher protein retention compared to the control fish
(p < 0.05). The highest lipid retention was also found in fish fed 1.3% AvP of di-calcium phosphate diet
(p < 0.05). It was concluded that supplementation of 1.3% AvP di-calcium phosphate gave beneficial

effects on growth, protein and lipid retention in Nieuhofii’s catfish.
Keywords: Nieuhofii's Catfish (Clarias nieuhofii), Phosphorus Requirement, Di-calcium Phosphate
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Abstract

This research presents wind energy assessment in the central region of Thailand in order to
response the national policy Power Development Plan (PDP2018) that helps to increase the proportion of
electricity generation from wind energy. Wind speeds are represented in the wind atlas by using the global
wind atlas methodology that developed by DTU Wind Energy and Vortex under the support by World
Bank Group. Wind atlas at the level of above 100 m was validated using measured wind speed data obtained
by 6 masts in the central region of Thailand. The Global Wind Atlas (GWA) methodology applied the
wind climate of ERAS in the period of 10 years (2008 — 2017) provided by European Center for
Medium-Range Weather Forecasts (ECMWF)at resolution of 30 km forced with mesoscale WRF
atmospheric modeling under 3 km resolution. Results from mesoscale were input for microscale wind
flow WAsP modeling along with digital 30 m high-resolution topography. Results showed that the mean
error of wind at 100 m obtained from GWA methodology was 16.31%. Based on wind atlas by GWA
methodology, it was found that were potential areas with mean wind speed more than 6.0 m/s in the western,
northeastern and southern of the study area. Wind atlas by GWA methodology could be used for met mast

installation for further micro-siting in a wind power plant development.

Keywords: Atmospheric Model, Wind Flow Model, Wind Energy, Downscaling Process, Wind Climate Database
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Abstract

A popular method for dealing with an unknown population size is the capture-recapture method
(CRC). Then capture-recapture models were applied in the adjustment of epidemiology data. The aim of
study was to compare the estimator of capture-recapture models in the closed population for estimation
the number of opioid use disorders (OUD). The data of opioid use disorders in 2014, in New South Wales,
Australia. The CRC was use to estimate the number of OUD cases based on three data sources, including
patient department, emergency department, and national death index. The data were analyzed using the
Rcapture package. The model used M, M,, M,, and M, to compare the assessment of OUD data.
The minimum Akaike’s Information Criterion (AIC) value was used to select the best model. The three
data sources were: 87 patients at the Patient Department, 407 cases from Emergency Department, and 15
cases from the National Death Index. The overlapping of the three data sources involved 54 cases. The results
showed that the estimates obtained were 666 cases from M, model and M, Chao (LB), 465 cases from M,
model, 433 cases from M, Poisson 2, 351 cases from M, Gamma 3.5 and 503 cases from M, model.
The smallest AIC was obtained for the M, model (AIC = 51.962). With the M, model more suitable for
OUD were estimated. This model should be able to apply to any setting with similar context. The method

provided a simple, quick method to estimate the numbers of OUD.
Keywords: Capture-recapture, Estimation, Epidemiology, Opioid

Introduction

A popular method for dealing with an unknown population size is the capture-recapture method,
which was developed to estimate the number of wild animals in a population [1]. The method was then
extended to other fields including software testing [2], epidemiology and public health [3-4]. This method
is being increasingly used to estimate the number of people with a given disease including the completeness
of cancer registries [5], homeless people[6], human immunodeficiency virus-positive population [7-8],
HIV-infected injection drug users in Bangkok [9], and the number of drug users in Bangkok in 2001[10-11].
The closed capture-recapture method is one variety of this model that includes dependence among samples
and can take the form of an ecological model, a log-linear model, and a sample-coverage model [12].

Log-linear models are popular for the estimation of unknown populations size in epidemiology
and public health data. The most general log-linear model was presented by Fienberg[13]. Generally,
epidemiological and health data apply a log-linear model for the estimation of the unknown population
[14-16]. The interaction between sources reduces the dependence between sources. These are not considered
to be sources of variation but do reduce the dependence between sources when using interaction terms. In
an ecological model this allows relaxation of the assumption of equal probability of capture [17-18].

Log-linear ecological models can be in the form M, (time varying, behavioral response and

tbh
heterogeneity model) or one of its sub-forms depending on interpretation and context [19]. The approach
may specify various forms of capture probabilities based on empirical investigations of animal ecology.

These models relax the equal catchability assumptions [12,17].
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The current study estimated the total number of opioid use disorders based on sources of variation
models using data from the National Drug and Alcohol Research Centre (NDARC), University of New
South Wales, Australia. The model combined up to three sources of variation among capture probabilities:
M, (time varying), M, (behavioral response), and M, (heterogeneity)[17, 20-21]. A useful structure for
models has been introduced by Otis et al. [21].

The current study used ecological models for comparison among models of sources of variation
for the assessment of the number of unknown Opioid Use Disorders (OUD) who had not registered using
any of the three incomplete registries. The data of opioid use disorders in 2014, in New South Wales,
Australia is retrieved from NDARC. The aim of study was to compare the estimator of capture-recapture

models in the closed population for estimation the number of OUD.

Methods
Data for Analysis
The number of OUD was estimated using capture-recapture methodology based on three data
sources (patient department, emergency department and the national death index in New South Wales,

Australia 2014). The data were matched using the NDARC then arranged as shown in Table 1.

Table 1 Distribution of cases by combination of three data sources in 2014, New South Wales, Australia.

Sources

Number of Observations
Patient Department Emergency Department National Death Index

0 0 0 Unknown Cases
1 0 0 87

0 1 0 407

0 0 1 15

1 1 0 657

1 0 1 0

0 1 1 11

1 1 1 54

Sources: The National Drug and Alcohol Research Centre NDARC), University of New South Wales, Australia

Statistical Analysis

Capture-recapture models for closed populations were developed as useful classifications based
on an observation model. The basic models of no heterogeneity were M, (no variation), M,, M, and M,.
The classification models are a useful way of structuring capture-recapture models for closed populations
in which the assumption of equal probability of capture is released [17-18]. These models were generalized

by Otis et al. [21] to accommodate three types of heterogeneity in capture probability. Table 2 shows the
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model of variation among the capture probabilities: a temporal effect, heterogeneity between units and a
behavioral effect. A temporal effect causes the capture probabilities to vary among capture occasions;
heterogeneity causes the capture probabilities to vary among units. A behavioral effect means that the first

capture changes the behavior of a unit, so the capture probability differs before and after the first capture.

Table 2 Summary of capture-recapture models for inspections.

Model Assumptions on Detectability Estimators

M, No variation exists. M,

M, Allows capture probabilities to vary by time. M,

M, Allows heterogeneous capture probabilities. M, Chao
M, Poisson 2
M, Darroch
M, Gamma 3.5

M, Allows behavioral responses to capture. M,

The models were: 1) M, which had one capture probability that was constant across individual
and time; 2) M, where the capture probability varied by sampling occasion only and all individuals in the
population were equally catchable on any occasion and this model had a different capture probability for
each sample occasion which was constant across individuals; and 3) M, which had two capture probabilities:
p if an individual has never been caught and c if an individual has been caught before, where this model
allowed for the study to affect the behavior for the subjects and that if the capture process was a bad
experience for the subject, we get a trap-shy response with p > c. Note that these responses can also be
induced by the study design used. For example, if our sampling targets areas where subjects were previously
caught, we are likely to observe a trap-happy response. Model M, had a different capture probability for
each individual in the population which was constant through time. The historically popular approach to
estimate N for model M, has been to use the non-parametric jackknife [22]. Model M, assumed that each
individual had its own unique probability that remained constant over samples. Choa’s (or LB) models
estimate a lower bound for the abundance (M, Chao). The estimate obtained under M, Chao is Chao’s moment
estimator [23]. Chao’s lower bound models contain t-2 parameters, called eta parameters, for the heterogeneity.
These parameters should theoretically be greater or equal to zero. The degrees of freedom of Chao’s model
increase when eta parameters are set to zero. Models for heterogeneity were defined as: Poisson 2(2-1),
Darroch: k%/2, and Gamma 3.5( -log(3.5+k)+log(3.5))[24], where k is the number of captures, Poisson and
Gamma models with alternatives to the parameter defaults values of 2 and 3.5 can be fitted using the
“colsedp” functions. Darroch’s models for M, was considered by Darroch [24-25].

The analyzed by capture-recapture methods to finding the best fitting model and estimating the OUD

cases. The R program was used to find the number of OUD cases. The Reapture package [26] was used to fit
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amodel to a closed population dataset. The smallest Akaike Information Criteria (AIC) and degrees of freedom

are useful tools to compare models and to assess the goodness of their fit.

Results

Table 1 shows the numbers of participants enrolled in 2014 for the dataset: Patient Department
(n = 87), Emergency Department (n = 407), and National Death Index (n = 15). The overlapping of the
three data sources was 54 cases.

The results of the capture-recapture method are shown in Table 3. The smallest AIC model was M..
The estimates of the total number of OUDs from the 465 cases based on the AIC value were in ascending
order: M, Poisson 2, 433 (SE = 53.0); M, Gamma 3.5, 351 (SE = 16.8);and M, model, 503 (SE = 51.4);
M, Chao(LB) model, 666 (SE = 52.8); and M, model, 666 (SE = 52.8), respectively. The M, model was
the best estimated the number of OUD cases by using AIC.

Table 3 Estimates of population size OUD cases in New South Wales, Australia 2014.

Model N SE Deviance df AIC

M, 666 52.8 391.991 5 425.454

M, 465 26.8 14.500 3 51.962

M, Chao (LB) 666 52.8 391.991 5 425.454
M, Poisson 2 433 53.0 383.205 4 418.668
M, Darroch 372 33.8 383.205 4 418.668
M, Gamma 3.5 351 16.8 383.205 4 418.668
M, 503 51.4 387.242 4 422.704

N': Number Estimates of OUD Cases, SE: Standard Error,
df : Degree of Freedom, AIC: Akaike Information Criterion

Discussion and Conclusion
In the present study, we used three sources (patient department, emergency department, and the
national death index in 2014), to compare the sources of variation in closed population models which used
data form 2014 sourced from New South Wales, Australia. To the best of our knowledge, this has been
the first study to apply capture-recapture analysis to estimate the number of OUD cases based on the
sources of variation in closed population models. Moreover, the sources of variation were compared and

the results from the best fitting model were determined based on the smallest AIC value.
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The closed capture-recapture method is generally used to estimate hidden populations and
commonly uses a log-linear regression model for estimation. In this study, we used an ecological model
approach on the OUD data. Two commonly used forms have been proposed: the multiplicative (or log-linear)
form and the logistic form [12]. The package Rcapture was used with Poisson regressions to estimate
parameters in our capture-recapture models. A temporal effect causes the capture probabilities to vary
among capture occasions, while heterogeneity causes the capture probabilities to vary among units. A
behavioral effect indicates that that the first capture changes the behavior of a unit, so the capture probability
differs before and after the first capture. There are sources of variation in closed population models (M,),
M, M, Mb). The AIC value was used for model selection with the smallest AIC being for the M, M, M, ,
and M, models, respectively. The M, model was estimated the population size OUD of 465 cases. The best
fit the model was considered based on the smallest of AIC and the M, model had the smallest of AIC [27].
With the M, model more suitable OUD were estimated. This model should be able to apply to any setting
with similar context. The method provided a simple, quick method to estimate the numbers of OUD.

Capture-recapture is a simple method to estimate the size of an unknown population size and is
auseful and practical approach to estimate hard-to-reach populations, due to the assumptions and limitations
of the method. In addition, ecological models are easy to use to provide an estimation of data sources. For
estimation based on epidemiology data, the M, model explained more than the other models as well as
having the smallest AIC. Therefore, the M, models are appropriate for estimation based on epidemiology
or public health data. The recapture was easy to use and was appropriate for considering epidemiological
data for the source effect or variation.

The limitation of this study was the three sources of data which we received based on linked
data from the NDARC. Therefore, we focused the analysis on the overall population. The findings presented
here show that the comparison of the sources of variation models and the number of unknown OUD cases.
Although direct capture-recapture is used in few areas in New South Wales, datasets suitable for this
purpose are likely to exist in most areas. Further studies of this nature would provide other sources of data
with essential information and enable further exploration of OUD cases. Moreover, the data should be

considered based on factors of individuals for analysis.
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Appendix
The log-linear models for multiple capture-recapture experiments [26]

Model My
log () =log(N)+Xlog(p)+(t-X,)log(1-p)

where @;=lif the unit is captured at the j™ occasion and, 0 if not j=1,...t

Model Mt

t
log(p,, )ZXO'Y"_ZXJ‘BJ'

j=1

where p, =1is stand for that of occasion j, 0 if not and j=1,...,t
y=log{N] ] (1-p,)}

B, =log{log(p,/ (1)}, j=L,....t

Model M,

lo
log(um)=Xolog(Np)+X110g(1-p)+X2{ 1gc°

}+(t-Xl-1)1og(l-c).
where Cc= nuisance parameter
;= the number of units that are first caught at the jth capture occasion.

uj;j=1,...,t

Note: For more information, see [26]

Model selection criteria

Akaike Information Criterion (AIC)
AIC=-2In[(0,)]Y]+2p

Note: For more information, see [27]
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Abstract
This work aims to investigate the phenomena of Schottky barrier between Au/TiO, nanotubes.
The microstructure and surface morphologies of TiO, nanotubes were characterized by XRD, SEM and
XPS. Micro-layers of Au were deposited on TiO, nanotubes surface by thermal evaporation. The two
electronic probes were employed to confirm Schottky contact barrier between Au/TiO, interface. The IV

characteristic curves can be explained by the energy band diagram.

Keywords: Schottky Contact, Miro-layer of Au, TiO, Nanotubes

o

'idaszauiudiadng vangasdiranquiiuda amndnildnd anzinnmans uminerdoquaiissil
QUAasIwEIT 34190 Uszmalne

> peas., MATINANT AuZInemans WInedogua¥sIil Quas 1w 34190 Uszmalne

* a5, guiiteiagianune aoniuitoma TuTadiFunil wagyed ieaavou 34114 @513 pmua

" Graduate Student, Program in Ph.D.(Physics), Department of Physics, Faculty of Science, Ubon Ratchathani University,
Ubon Ratchathani, 34190 Thailand

* Asst. Prof. Dr., Department of Physics, Faculty of Science, Ubon Ratchathani University, Ubon Ratchathani, 34190 Thailand

* Dr., Thin Film Materials Research Center, Korea Research Institute of Chemical Technology, Yuseong Post Office Box
107, Daejeon 34114, Republic of Korea

* Corresponding author: E-mail address: por_chai@hotmail.com

(Received: April 1,2020; Revised: April 17, 2020; Accepted: April 20, 2020)



. ,
NITIuNINNdeinda miszAnguaaninfiinannsesduiadonying
ad o 9 sian | -
11 23 217UR 1 uATIAN-IEBY 2563 5 Safian lveny uazane

Thaksin.J., Vol.23 (1) January - April 2020

Introduction

TiO, is one of the most studied semiconductors in material sciences because of its low cost,
long-termstability, non-toxicity, and strong oxidizing power. TiO, is an n-type wide band gap semiconductor
that can be absorbed UV light irradiation of wavelength about 315-400 nm. However, there are many
restrictions to utilize bulk semiconductor as these photodevices because of the high manufactory cost,
complicated processing step and photocorrosion. Especially, the bulk semiconductor material corrosions
are occurred when they are exposed to light. This phenomenon results in poor chemical stability. Therefore,
nanostructure materials with a wide band gap, TiO, nanotubes have great interest due easy fabrication,
high photocatalytic activity, available abundant, high chemical stability, high surface-to-volume ratios
and size dependent properties [1-3]. Therefore, TiO, nanotubes can be easily synthesized by anodization
method. One of many applications of TiO, nanotubes is UV detector in Schottky barrier type. Schottky
barrier can be formed if nanolayer metal deposited on semiconductor. Previous studies related to
photodetective Titania nanotubes have mainly focused on the investigation of Titania as self-power UV
detector [4]. However, the reported that explain the phenomena about occurring Schottky barrier between
nanolayer metal deposited on TiO, nanotubes have not been published.

This paper is mainly focused on fabrication of Schottky barrier photodiodes on TiO, nanotubes
surface. The low-cost anodization process was used to synthesize TiO, nanotubes. The Au layers were
deposited on TiO, nanotubes surface by thermal evaporation. Electrical probes were employed to measure
the electronic values. Also, the schematic physical diagrams to explain their mechanism were referred to

the intra-band dynamic Au/TiO, nanotubes.

Materials and Methodology
The 1.5x2.5 cm” pieces of Ti foils were used as substrates to form nanotubes in the anodization
process. In the first step, these substrates were cleaned in acetone, ethanol and deionized water, respectively,
for 15 min in ultrasonic bath. Ti piece was dried by N, gas flow. The setup of apparatus was showed in
fig. 1. It was composed of two electrode such as Ti foil as anode and graphite sheet as cathode. The mixer
solution of 0.3 wt% NH,F, 12% deionized water in ethylene glycol solvent was used as a chemical bridge
solution between two electrodes. After anodization process, the substrate was annealed at 450 °C for 2 hr

with applied temperature constant step at 3.75 °C /min to rearrange the amorphous to crystalline structure.
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Figure 1 An apparatus of anodization process.
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Figure 2 XRD spectrum of TiO, nanotubes after annealed at 450 °C.

In Fig. 2, the XRD spectrum of TiO, nanotubes (450 °C) is shown. The XRD structure consists
of the mixing of anatase (20 = 25.3° and 48°) and rutile (20 = 27.4°, 35.1° and 53°) peaks. These results

correspond with other works [5].
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20.0kV 14.9mm x70.0k 500nm

Figure 3 SEM top-view image of TiO, nanotubes after annealed at 450 °C.

The top-views SEM images of TiO, nanotubes after annealed with 450 °C are shown in
Fig. 3. The highly ordered nanotubes are obtained with a diameter of 125 nm, wall thickness of 20 nm
and tube length of about 2 [im.

Intensity
Intensity

Ti2p, level
Hepyleve . O 1s level
Ti2p, level

L L L L L L L L) M ) M L v ) M )
470 468 466 464 462 460 458 456 454 452 450 534 532 530 528 526
Binding Energy (eV) Binding Energy (eV)

(2) (b)

Figure 4 XPS analysis of (a) Ti 2p level and (b) O Is level.

The presence of TiO, nanotubes surface is confirmed by the Ti2p and Ols peaks as shown
in Fig. 4(a)., the spin-orbital splitting photoelectrons of Ti2p, , and Ti2p,, are located at binding energies
of 465.20 and 459.47 eV, respectively. The separated peaks between the Ti2p,, and Ti2p,, level are
of 5.73 eV. The Ols XPS spectra are shown in Fig. 4(b). The XPS data of TiO, nanotubes are in good

agreement with the previous reported literature values [6-7].
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Figure 5 Photocurrent versus voltage curves from applied voltage

from-5Vto5Vof Au/TiOznanotubes.

The two electronic probes method under ambient air condition and room temperature was

employed to obtain I-V data. In Fig. 5. at an applied voltage from -5 V to 5 V, the dark current changed

from -8LA to 13 LA while the photocurrent changed from-15pA to 25 pA under 365 nm UV light. These

show that the fabricated Schottky barrier between Au and TiO, nanotubes is occurred.

Photocurrent Density (LLA/cm?)

¥ T
0 200

Figure 6 Time-dependent photocurrent of Au/TiO, nanotubes.
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The time response photocurrent densities measured under biased voltage 1 V of Au/TiO, nanotubes
is shown in Fig. 6. It indicates that the time response photocurrent densities are exhibited good stability
and periodic repeat. In order to focus on the photocurrent, the dark current was set at 0. The irradiation
light source (VL-4 LC 4 W) with power density of 350 },lW/cm2 at wavelength of 365 nm was used. The
performance of photosensitive device was determined by two parameters: spectral responsivity (R ) and

external quantum efficiency (EQE) that can be expressed by [8]:

I
R = _m > (1
P S
where I is the difference between illuminated current and dark current I =1, . .- .., Py is the light
power density irradiated on devices, and S is the area of devices.
R_-he
EQE =— > (2
Q el

where h represents the Planck’s constant, ¢ stands for the velocity of light, e is the electronic charge and
A is the wavelength of the irradiation light.

The illuminated photocurrent density, spectral responsivity (R ) and external quantum efficiency
(EQE) values are 0.94 mA/W. and 0.0032, respectively.

In Fig. 7., the model of AwTiO, surface are shown. It is one of many types of photodetector
called Schottky barrier type UV detector [9]. It is composed of two ohmic contact form from Au deposited
on TiO, nanotubes then Schottky contact occurred between them. These phenomena can be explained by

the inter-band dynamic between Au and TiO, nanotubes in Fig. 8(a) and Fig. 8(b).

hv V4
TiO, Nanotubes
: [] semiconductor

Au Bl Ohmic Contact

- I Schottky Contact
l Ti

Figure 7 The model of Au/TiO, nanotubes showing Schottky barrier.
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Figure 8 The energy diagram carrier transport mechanisms of Au electrode an TiO, nanotubes interface.

TiO, nanotubes is n-type semiconductor. The work function of TiO, nanotubes is about 4.70 eV
[10] while the work function of Au is about 5.40 eV [11]. Therefore, work function value of Au metal is
more than work function value of TiO, nanotubes resulting in the band edge alignment between Au metal
and TiO, nanotube surfaces [12]. In Fig. 8 (a), the chemical potential (uTiO,) of TiO2 nanotubes is between
the donor state (N)) and the conduction band edge (E.). They will initially have different chemical potential.
On contact charge, electrons will flow from TiO, nanotubes to Au metal achieve equilibrium as shown in
Fig. 8 (b). These create a region of unbalance positive charge at TiO, interface giving rise to band bending.
If a positive voltage is applied to Au metal surface in Fig. with respect to TiO, nanotube surfaces, the band
edge profile in the vicinity of surface gate will be decreasingly bent upward as more as negative charge
is attract to Au metal surface gate, filling donor states. This phenomenon contributes to I-V curve from

electronic probe measurement.

Conclusions
Schottky barrier can be fabricated by depositing Au on TiO, nanotubes surface. These can be
confirmed by the two electronic probes. The photocurrent graph in I-V curve increase under 365 nm UV
light irradiation. The calculated spectral responsivity and external quantum efficiency from time-dependent

photocurrent graph of Aw/TiO, nanotubes are 0.94 mA/W and 0.0032, respectively.
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Abstract
This study aims to develop an interactive tourism information system offering personalized
tourism routes in Kanhom district, Nakhon Si Thammarat province. The options of tourism varieties depend
on the requirements and the starting points from users. Data were collected from two groups of participants:

1) 60 tourism-related enterprises which want to promote a particular tourist attraction, accommodation,
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restaurants and souvenir shops, and 2) a group of tourists who need information of new local tourist
attractions. Google Maps Platform was used to define geolocation and mark points in the map by Haversine
formula with MySQL database and PHP programming to generate a series of travel routes. The research
results revealed that the developed application has an ability to generate travel routes and help the tourists
to plan their routes to the target tourist attractions. The users of the information system showed a very
high level of satisfaction at 4.82 towards the developed application. The access to this application in

tourism industry can increase the numbers of other locality tourists in new tourist attractions in local place.

Keywords: Google Maps, Google API, Haversine, Geolocation, Travel Route
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Abstract

Rubber-based agroforestry systems (RAS) can be characterized by the type of trees/shrubs and
crops associated with the rubber trees. The present study objective was to identify and describe the RAS
in mature plantations existing in Phatthalung province. This province is representative of South Thailand
and gathers many farmers with agroforestry practices. The methodology for data collection combined
focus group discussions with 5 groups and individual interviews with 56 farmers using a semi-structured
questionnaire and farmer’s field survey for 44 RAS plots. The results showed an important diversity of
the RAS. Seven types of agroforestry systems were identified with 20 species of fruit trees, 14 species of
timber trees and 6 species of pluri annual local crops. The analysis of the timeline to plant rubber and
intercrops showed some flexibility for the establishment of the RAS. The associated crops and the
sometimes-long existence of these RAS indicate that they could be an interesting alternative to monoculture
for the farmers to improve resilience and not rely only on one crop. However, before recommending these
RAS, additional research is needed to better characterize the impact of these systems in particular on crop

yield and soil biodiversity quality.

Keywords: Associate Plants, Timber Trees, Fruit Trees, Vegetables

Introduction

Rubber has long been a strategic commodity in Thailand. After its introduction in Southern
Thailand, two cropping systems co-existed: monospecific and rubber-based agroforestry systems (RAS) [1-2].
In the 1960°s, Thai government launched a rubber replanting scheme to improve smallholders’ well-being
based on clonal monoculture. So progressively, most local rubber plantations turned to be monospecific
plantations increasing farmers’ dependence on only one crop when rubber price do fluctuate a lot. After a pick
in 2011, rubber prices started to decrease and the trend continues until now [3], decreasing rubber farmers
income particularly in the southern region where rubber represents a big share of total landholding [2]. In this
case, RAS could be an interesting alternative to monoculture as they allow diversifying sources of income
for small-scale rubber farmers [4-5].

Agroforestry is defined as “the cultivation of the soil with a simultaneous or sequential association
of trees and crops or animals to obtain products or services useful to man” [6]. The most common criteria
used to define agroforestry are the system's structure, its function, its socio-economic scale and level of
management, and its ecological spread. Structurally, the system can be grouped as agrisilviculture (crops
including trees/shrub crops + trees), silvopastoral (pasture/animals + trees), and agrosilvopastoral (crops +
pasture/animals + trees) [7]. In Thailand, RAS is an alternative agricultural practice for rubber smallholders
to enhance both ecological integrity and crop diversity [8]. During the whole lifespan of the rubber
plantation, RAS can be classified into three main types: 1) intercropping during immature phase with
annual crops such as pineapple, chili, banana, rice, sweet potato, long bean and corn 2) the rubber-fruit
system during mature phase with guava, long kong, salacca, mangosteen, durian, and levistona and 3) the
rubber-timber species system with neem, mahogany and teak during both immature and mature phase [5].

RAS in mature plantations represent only 6% of the mature rubber plantations in South Thailand [9].
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And very few information is available on these systems except surveys in the 2010’s [4-5]. The aim of
this study was to identify the RAS existing in Phatthalung province and to describe the main systems

including the reasons for the farmers to adopt RAS with focus on mature rubber plantations.

Methodology

The study area was selected in Phatthalung province because of the presence of RAS. A preliminary
survey was conducted with key informants i.e. some representative staff of the Rubber Authority of Thailand
(RAOT) in the district level. The criterion for site selection was the high concentration of farmers with
rubber agroforestry practices in mature plantations. Four areas: Pabon, Tamod, Srinakarin, and Sribanpod
districts, close to the long Bantad Mountain in the western of Phatthalung were selected for the study. Five
focus group discussions were conducted to identify the main RAS adopted in the four districts and to
create a sample of farmers for field surveys. The focus group discussions addressed the following questions:
1) why adopting rubber agroforestry? 2) what are the reasons to select the kind of associated plants and
the expected benefits? and 3) how many households have adopted rubber agroforestry? Then, individual
interviews were conducted with farmers using a semi-structured questionnaire. Fifty-six farmers who grew
the rubber agroforestry systems were selected by purposive sampling with the following criteria: the share
of total landholding under agroforestry systems, the kind of association and planting year of association.
To complete the interview with the farmers, field survey of 44 RAS plots was conducted to collect data
on the composition of the system, the number of species of plants and spacing (planting pattern).
Data analysis was typology of the structure of the rubber agroforestry systems at the cropping system scale
based on the combination of species, spacing and planting year. Field work was conducted between May

and August 2015.

Results

Diversity of Rubber Agroforestry Systems

The typology of RAS included seven types based on the associated crops: i) one species of fruit
trees (38%), ii) one species of timber trees (35%), iii) pluri annual local crops (4%), iv) fruit tree, timber
trees and pluri annual local crops (4%), v) fruit trees and timber trees (9%), vi) fruit trees and pluri annual
local crops (9%), vii) timber trees and pluri annual local crops (1%). All associated crops were planted
between the rubber rows in normal spacing using either systematic or non-systematic planting patterns.
In the systematic planting, there were less than three species of plants when in non-systematic planting
there were usually many species.
Species of Associated Plant in Mature Rubber Plantations

Twelve families and twenty species of fruit trees were found mostly local fruits (Table 1).
Mangosteen, longkong, langsat and salack were the most frequent companion fruit trees with rubber. There
were nine families and fourteen species for timber trees. They were mainly wild varieties common in the
southern region. RAS with timber trees can have several species associated. Some of them grew by
themselves; some were planted by farmers. Last, six families and six species of pluri annual local crops,

i.e. vegetables for cooking grown one time and harvested more than 3 years, were found. The most frequent
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companion crops in this group were lasia, gnenom and pineapple. These results show the diversity of
associated crops in mature rubber plantations.
Timeline Planting of Associated Plants in Rubber Plantations

Three timelines to plant the companion crops in rubber plantations were identified that before
rubber, together with rubber, after rubber (Table 1). Fruits trees can be planted long before rubber; sometimes,
old fruit tree plantations was converted to RAS. The other companion crops were planted just before

rubber or even after. These results show the flexibility for setting up RAS.

Discussion

Results showed that two types of agroforestry systems co-existed: simple agroforest characterized
by only one type of crop associated with rubber and complex agroforest characterized by more than one,
generally several, types of associated species [10]. With 77% of the RAS observed, simple agroforests
were more popular than complex agroforests (23%).

Timber trees and fruit trees were planted in both systematic and non-systematic systems with
complex and simple agroforests. Timber trees were the first preferred associated crop for farmers due to its
low labor requirement for maintenance; however, income is obtained at a long term income, sometimes at the
end of the rubber lifespan. Fruit trees were the second preferred crop for regular income and consumption.
However, its high labor force requirement particularly in harvesting season and high input need for production
(fertilizer, pesticide) are the main constraints. Jongrungrot and Thungwa (2014) already mentioned that
fruit trees and vegetables crops in the plots would increase household income while timber can be considered
as an asset for their children [4]. RAS in Phatthalung province were quite the same as some Indonesian
RAS [11-12]. Improved RAS combining the use of clonal planting material and agroforestry practices
were developed in Indonesia in the 1980 and studied between 1994 and 2007 by ICRAF/CIRAD partially
after a visit in Thailand in 1996 to take advantages of local existing agroforestry systems [10, 13]. These RAS
could be interesting alternatives to monospecific rubber plantations, rubber farmers in Phatthalung are interested
by RAS combining rubber with fruit tree, timber tree, and pluri annual local crop. Rodrigo et al. (2005)
showed that banana intercropping did not affect growth and yield of rubber at maturity [14]. However, to
become recommendation, in depth study of the effect of associated plants in the RAS on crops yield and
soil biodiversity quality is needed. This study also did not fully record the density of rubber trees and
companion crops; this should be included in next study of the RAS in Southern Thailand. RAS improve
farmers’ income and increase their resilience to economic uncertainties [5]. Fruit trees and timber trees
could also improve the environment. Indeed, agroforestry generates positive externalities in particular for
biodiversity conservation, soil fertility maintenance and water conservation [15]. Their contribution is far
from negligible, be it in terms of traded products, fuel wood, subsistence crops, nutritional value, medicinal
plants, timber, etc. If farmers worldwide have developed such systems, it is certainly not only because
they mimic forests or foster biodiversity conservation; there must be something else [16]: biological or
eco-systemic advantages and economic outputs of specific local products through valorization of self-con-

sumption (medicinal plants, fuel wood, timber, rattan...) [17-18].
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Table 1 Species of associated plants in rubber plots and planting timelines.

Family Common Name Scientific Name Planting Years

Fruit Trees

1. Anacardiaceae Marian plum 1. Bouea burmanica Griff -20, 0, +15
Plum Mango 2. Bouea oppositifolia Meissn -20, 0, +15
Mango 3. Mangifera indica Linn -20, 0, +15

2. Bombacaceae Durian 4. Durio zibethinus Linn -10, 0, +15

3. Guttiferae Mangosteen 5. Garcinia magostana Linn -20, 0, +15

4. Leguminosae- Djenkol, Jenkol or 6. Archidendron jiringa Jack -10, 0, +15

Mimosodeae Jering

5. Meliaceae Longkong 7. Lansium domesticum Corr -10, 0, +15
Langsat

6. Minosaceae Stink bean 8. Parkia specioca Hassk -15,0,+13

7. Moraceae Jack fruit 9. Artocarpus heterophyllus Lamk -15
Champedak 10. Artoca rpus champenden Spreng -5,0,+20

8. Myrtaceae Black plum 11. Syzygium cacuminis (Craib) Chantar -10

9. Palmae Coconut 12. Cocos nucifera Linn -25
Salak 13. Salacca rumphii Wall 0, +15
Sala 14. Salacca zalacca Gaertn. 0, +15
Areca nut palm 15. Areca catechu Linn. 0,+15
Asam paya 16. Eleiodoxa conferta Griff 0,+15

10. Phyllanthaceae Burmese grape 17. Baccaurea ramiflora Lour +15

11. Sapindaceae Rambutan 18. Nephelium lappaceum Linn -6, 0, +15
Longan 19. Dimocarpus longan Lour

12. Stilaginaceae Black Currant Tree  20. Antidesma ghaesembills Gaerth +10
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Table 1 Species of associated plants in rubber plots and planting timelines, continued.

Family Common Name Scientific Name Planting Years

Timber Trees

1. Dipterocarpaceae Iron wood 1. Hopea odorata Roxb -5,0,+15
Shorea 2. Shorea roxburghii G. Don 0,+8
Yang 3. Dipterocapus alatus Roxb. ex G. Don -5,0,+5
2. Labiatae Teak 4. Tectona grandis L.1. 0to+5
3. Lauraceae Litsea S. Litsea grandis Hook f. 0to+12
4. Leguminosae — Brown salwood 6. Acacia mangium Willd 0 to +27
Minosoideae
5. Magnoliaceae Champak 7. Michelia champaca Linn 0,+8
6. Malvaceae Large-Leaved Hau 8. Talipariti macrophyllum Fryxell 0,+10
(Large-Leave type)
Small-Leaved Hua 9. Talipariti macrophyllum Fryxell 0,+10
(Small-Leave type)
7. Meliaceae Mahogany 10. Wietenia macrophylla King 0
Siamese neem Tree 11. Azardirachta excelsa (Jack) Jacobs 0,+13
Cigar box cedar 12. Toona ciliata M. Roem +3
8. Rubiaceae Bur flower tree 13. Anthocephalus chinensis (Rich. ex +3
Walp.)
9. Barringtoniaceae Karuk 14. Barringtonia macrostachya (Jack) Kurz, +3
Rep. Pegu

Pluri Annual Local Crops

1. Araceae Lasia 1. Lasia spinosa Linn +5
2. Brommeliaceae Pineapple 2. Ananas comosus Merr 0, +7
3. Gnetaceae Gnemon 3. Gnetum gnemon Linn 0, +25
4. Gramineae Bamboo 4. Bambusa multiplex (Lour) Raeusch +3
5. Padanceae Pandanus palm 5. Pandanus amaryllifolius Roxb +5
6. Palmae Rattan palm 6. Calamus caesius Blume +3

Note - = before rubber, 0 = together with rubber and + = after rubber
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Conclusion

In Phatthalung province, two rubber agroforestry systems were found: simple and complex
agroforests. Three different kinds of associated species in simple agroforests and systematic spacing patterns
with rubber row. Most intercrops were planted by the farmers. The complex agroforests had non-systematic
spacing pattern and more species. Some plants grew naturally. The associated plants in both systems were
mostly local species plants, particularly fruit trees and pluri annual local crops while some timber trees
have grown natural. Mangosteen, longkong, langsat and gnemom were the most popular intercrops due
to existing markets. Through the development of both simple and complex agroforests, farmers have been
able to diversify their source of income. Although research is still needed, these RAS could become in the
future part of the RAOT recommendations. Indeed, RAOT role is still to provide smallholders with the
necessary technical and financial assistance for rubber plantation or replantation and could be complemented
with promotion of rubber agroforestry system to partially replace rubber monoculture. Therefore, developing
transportation, marketing and processing for the non-rubber output, such as timber, vegetables and fruits
are necessary as well as providing information on fruits and timber markets. In addition, researchers could
develop innovation platforms in partnership with existing agroforestry groups in order to select and improve
the best and most adapted and resilient agroforestry practices with new management methods to reduce
maintenance costs and diversify sources of incomes. One of the most important points for innovation
implementation is to explore and identify clearly local markets and labor force requirement of the associated

plant species in rubber agroforestry system for smallholders.
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Abstract
This research aimed to measure radioactivity levels in marine sediment collected in some areas
of Pattani Bay and compare with world average values of those in soil reported by UNSCEAR (2008).
Sediment samples were collected from 7 sites along the seashore of Pattani Bay, Pattani province during
the summer and rainy seasons. Radioactivity was analysed using gamma spectrometer with a high purity
germanium detector (HPGe) using IAEA Soil 6 as a reference material. The detected radionuclides were
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season), and 648.78 +212.46, 44.42 + 20.42 and 66.20 + 30.16 Bg/kg, respectively (rainy season). It was

'o.aniland auzinemansmaluladuazmManyas WNMINSITFIHeTa 0281 95000
' Lecturer, Department of Physics, Faculty of Science Technology and Agriculture, Yala Rajabhat University, Yala, 95000
" Corresponding author : Tel. 087-2950665, Email address: maimoon.i@yru.ac.th

(Received: March 4, 2020; Revised: April 4, 2020; Accepted: April 22, 2020)



NIATUINNS BT FEAUNMIUANINT 155 50A luAuaznoUa
7 23 20N 1 unTIAV-YIBY 2563 87 Tugu Budu vazaue

Thaksin.J., Vol.23 (1) January - April 2020

found that, their hazard indices were higher than the UNSCEAR (2008)’s reported values of 412, 35 and
45 Bq/kg for “’K,***U and **Th, respectively. However, the values of hazard index of natural radionuclides

in sediment samples were found at the normal level.

Keywords: Pattani Bay, Sediment, Natural Radionuclide, Gamma Ray Spectrometer
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(K, U uag *Th) Tudredsauaznenngsou 11 803.29  107.16, 59.93 + 16.13 1Az 79.47 = 12.44 Be/kg

naznarulin 648.78 + 212.46, 44.42 + 20.42 AZ 66.20 = 30.16 Bg/kg MUAAD (13197 1 1agnnil 4)
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of Songkla University.



7) Information from the Internet

Use the general forma of citation following by website; for example, the author borrows
the ideas from a book on the website, so the reference list consists of the name of author, year of publication,
book title, and publication place. Another information should be added: searching date and URL — Retrieved
+ date + from URL
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