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The Application of Particle Swarm Optimization for Searching Optimal Rule Curve of

Lampao Reservoir

35aul WILUNA', awIngNDd Wianse?, Jaun nanides’
Wirat Nuannukul', Anongrit Kangrang®, Rattana Hormwichian®
Received: 4 April 2014 ; Accepted: 31 July 2014

Unanga
mﬁ%’m%@ﬁﬁmmq\mmULﬁaﬂizqﬂ@ﬂﬁﬁmmﬁmm:auﬁqmmumjumgmm’wﬁuLLum‘haaamiLﬁﬂmmmﬁa
Usudnldsnguftianissrafvi Taslfusnansmnauaswiiasfigaduilsifuiagusasdlunszuamwnsdum
Aoy ms?mwﬁﬁmimﬁaQa‘[ﬁangﬂg’jﬁamiéwLﬁufmwmﬁaumaoéwtﬁuﬁ"]éwﬂn Fanianwdug Fevlsznauly
@Tﬁﬂﬁa;&aﬂ%mmﬁwmmésm:JLﬁauﬁ%mﬁwéwuﬁuﬁwé’umﬂ W 2511 - W.A. 2554 ﬁagammﬁmmﬂ"ﬁﬁwmﬂ
grafiuii Tayagnninen LLa:‘*}Tagamamﬂmwmaaémﬁuﬁwéwﬂn uaﬂmﬂﬁﬁ'ﬂ@i’é’amezﬁ"ﬁagaﬁwmﬂmﬁauﬁvlm
dhenafiniisiuwan 100 79 Welddsafulszinmwaaslfingufianisenafivi fsazusaonailugniunisalin
aunsuuazilnadu luglusuanufiusesasnavsamgmsal e ussdSinashgsgn wamsinuwoin
Iﬁangﬂg’jﬁ'ﬁmidwLﬁuﬁwﬁvl,ﬁawn%%m@hﬁmm:auﬁq@LLuuﬂq'sJamgmm”auﬁuuum‘i’maamnﬁwuuu K/
afeadsuldangdfiamssnaiuings Tasldangugoanssraiuilng dussezgsninldongufianissaivi
dulutsnguisdadiudidausunaniadaungenian iafivininsuaussnnudasnislin dauldongufia
mssafivihlniduuuiudnildngujiamssafvinduluindenigmoudadensoman vlsidaswsosi
sanandrafivifiesaanudsslamafiezifaiiymiimianluggdu wadsnsdvhliaansasessuildiiudu
frunanIdszidulszaniawesldangujsanmserafuilnditldnod anumsaiinauaauuazinlnagu
fnaaaudniay uanilanansafinfufizadszmudn 50,000 15 wudldangufianisenafivinlnaidsosnansald
wnmailumsdasianaafivild ussrmauasuinadowiiy 161 Sugnundiuas lusou 44 7

ardd: ldangujiansdrnii dmuzaufigauuunguaunia msdanisgaiivih midaesdjianisaranio

Abstract

This research aims to apply particle swarm optimization connected with a simulation model in order to improve the
rule curves of a reservoir. The minimum average water shortage was used as the objective function for the searching
procedure. Monthly rule curves of Lampao reservoir located in Kalasin province were considered in this study.
The curves include average monthly inflows into the reservoir from years 1968 to 2011, net demand from the reservoir,
hydrologic data and physical data of the Lampao reservoir. In addition, 100 samples of generated inflow data were

used to evaluate the performance of the new rule curves. The results present situation of water shortage and overflow

ﬁﬁmﬂ?@/@n[ﬂ, 2s99mans19138, 2819138, @11 3anTInles)  AmeImINTINAIANS. NRIINLIFHNRIFITANY BUNANUNTITY
TINIANAIFITAIN 44150
Master student, *Associate professor, *Lecturer, Department of Civil Engineering, Faculty of Engineering, Mahasarakham University,

Kantharawichai District, Maha Sarakham, Thailand 44150, E-mail : anongrit k@msu.ac.th
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in term of frequency and duration, amount of average and maximum water. The results found that the pattern of the

obtained rule curves from particle swarm optimization connected to a simulation model is similar to the existing rule

curves. The new lower rule curve is higher than the existing rule curve during the dry season from December to May.

Hence, water is stored to meet the demand. The new upper rule curve is lower than the existing rule curves during

June to August. Hence, the stored water is released in order to geta free volume for reducing flood risk in the rainy

season as well as maintaining flood volume. The results of the evaluation of the new rule curve found that the situation

of water shortage and overflow decreased slightly. In a simulated case where increasing the irrigation area by 8,000

hectares, the new rule curve can be used as a basis for releasing water from the reservoir. Water shortage average

amount 161 MCM in 44 years.

Keywords: Reservoir rule curves, Particles swarm optimization, Reservoir management, Reservoir operation simulation
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Table 1 Situations of water shortage and excess release of the systems.

Frequency Magnitude (MCM/year) Duration (year)
Situations
(times/year) Average Maximum Average Maximum
u 0.794 105.678 451.430 4.608 10.600
Water Shortage
O 0.047 13.029 88.942 1.176 3.094
Excess release w 0.904 796.841 2535.833 10.639 19.680
water (0] 0.039 51.506 384.512 4,995 7.346

Note : m= mean,s= standard deviation

Table 2 Situations of water shortage and excess release of the systems for additional irrigation area 8,000 hectares.

Frequency Magnitude (MCM/year) Duration (year)
Situations
(times/year) Average Maximum Average Maximum
w 0.802 161.090 592.570 4.859 11.220
Water Shortage
(6] 0.048 16.195 91.251 1.214 3.305
Excess release u 0.899 742.770 2430.072 9.861 18.850
water O 0.042 50.892 370.394 4.339 6.640

Note : m= mean,s= standard deviation
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Table 3 Situations of water shortage and excess release of the systems. Compare simulation model other

Frequency Magnitude (MCM/year) Duration (year)
Situations Rule Curve
(times/year) Average Maximum Average Maximum
Existing- | W 0.814 120.738 433.890 4.856 9.340
HEC-3 o 0.061 16.347 88.922 1.619 2.818
w 0.733 61.124 199.460 3.661 7.370
Water Shortage ACO
(e) 0.092 13.641 71.958 1.428 2.692
u 0.794 105.768 451.430 4.608 10.600
PSO
(e) 0.047 13.029 88.942 1.176 3.094
Existing- u 0.914 828.994 2,322.352 9.748 14.100
HEC-3 o 0.049 23.501 373.856 5.337 4.446
Excess release u 0.901 757.604 2,349.301 9.659 14.330
ACO
water (e) 0.057 25.483 364.931 4.858 4.325
u 0.904 796.841 2535.833 10.639 19.680
PSO
(e) 0.039 51.506 384.512 4,995 7.346
Note : m= mean,s= standard deviation
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Abstract

One Time Password (OTP) is an important component in several authentication systems, particularly for online
banking systems. It is generally deployed as the second security layer to protect a system in case the main password
has been compromised. However, OTP itself has a few vulnerabilities. Recently, there have been several news reports
of attacks on online banking systems, even with the OTPs. Hence, in this paper, we analyze the potential problems
of various OTPs. The analysis focuses on: (1) the pros/cons of each OTP type (i.e., Email OTP, SMS OTP, Token
OTP and Mobile OTP), (2) the strength and weakness of OTP algorithms (such as Counter-based OTP, Time-based
OTP and Challenge-Response OTP). Furthermore, testbed experiments have been done to study the potential attacks

of OTPs. Finally, we present our solutions to solve the problems, and how to improve the OTPs.

Keywords: One Time Password (OTP), Online Banking Attack, Multiple Factor Authentication (MFA)
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IMPORTANT : NEW SCB CWEB ACCOUNT SECURITY
APRIL 2012
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SCB activated the new ( SCB-M-B221 Security )

Due to increased security problem, we have increased the level of online security. Your account was disabled
for verification. You are required to re-activate your account now to avoid suspension.

Activate ©

Thank you

Siam Commercial Bank.

Figure 1 an Example of Email spoofing
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| Englsh
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YOUR SCB ACCOUNT WAS ks
SUSPENDED FOR SECURITY |} I
REASONS.

LOGIN TO SECURE AND
ACTIVATE ACCOUNT NOW

Welcome to EASY NET

Motz Detak

Link to Other 5CB Group's Web Sites -

Figure 2 an Example of phishing website
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Figure 4 Result of the Email spoofing Test
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Figure 6 Email sniffing by Cain & Abel
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OTP
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Figure 7 An Example of SMS Spoofing
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Figure 8 The Steps of Hacking online-bank
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Figure 10 SMS spoofing Test via www.faketext.net
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Device is running our Virtual SMS Channel
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see OTP message!
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QTP Message app is
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™ (keyword: mobileTAN)

y;

PoC Trojan gets SMS

Figure 12 SMS attacking by Mobile Trojans
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Figure 14 an Example of fake evidence document
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Table 1 Pros and Cons of OTPs
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Abstract

The aim of this research was to develop a water heater by using a closed-loop oscillating heat pipe with check valves
(CLOHP/CV) as a heat exchanger. The CLOHP/CV heat exchanger was made from a copper capillary tube with an
inner diameter of 2.03 mm. The lengths of evaporator, adiabatic and condenser were 20, 10 and 20 cm, respectively.
The number of bends and check valves were 40 and 2, respectively. The inclination angle was 90° from horizontal
axis. The CLOHP/CV with a filling ratio of 50% (by total volume of tube), using R134a, ethanol and distilled water as
the working fluids, were used for testing in this research. The water flow rate for heating was controlled at 0.5, 0.75
and 1 L/s. It was found that, the temperature of the water in the tank, the heat transfer rate and the effectiveness at
a water flow rate of 0.5 L/s while the CLOHP/CV heat exchanger was filled with R134a as the working fluid gave the
highest temperature, the heat transfer rate and the effectiveness of all experimental results. This research can be
used to develop a more efficient CLOHP/CV heat exchanger for water pre-heating from waste heat from an

air-conditioner for use in domestic and commercial structures to save electrical and energy costs.

Keywords: Closed-loop oscillating heat pipe, Check valve, Heat exchanger, Air-conditioner, Water heater.
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Introduction

In Thailand, air conditioners are used for reducing air
temperatures from 30 — 40 °C to a more comfortable
temperature (about 25°C). A lot of energy is used in this
process, and waste heat is produced; if the waste heat
could be recovered it would reduce the energy used. The
oscillating heat pipe with check valve (CLOHP/CV) is
widely accepted as the most efficient heat transfer device
for high heat load. In the application of a closed-loop
oscillating heat-pipe with check valves (CLOHP/CV) a
heat exchanger for the water-preheater is able to use its
waste heat on air conditioning systems. It can transfer
the heat by itself with the latent heat of a working fluid in

the tubes by akachi et al. [2] as shown in figure 1.

Condenser

Evaporator

Figure 1 Closed-loop oscillating heat pipe with check

valves (CLOHP/CV)

Noie-Baghban et al. [5] studied a heat recovery
system using heat pipe heat exchanger (HPHE) for
surgery rooms in hospitals. It was found that the
experimental results for absorbed heat by the evaporator
section are very close to the heat transfer rate obtained
from computer simulation. Considering the fact that this
is one of the first practical applications of heat pipe heat
exchangers, the research has given informative results
and paved the way for further research. Ameen et al.[1]
studied an investigation into the effectiveness of a heat
pump assisted clothes dryer for humid tropical environments.
It was found that experimental results indicate the
viability of developing an integrated air conditioner

cum dryer suitable for humid tropical climates. Pipatpaiboon
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et al.[3]studied the effect of inclination angle, working
fluid and number of check valves on the characteristics
of heat transfer in a closed-looped oscillating heat-pipe
with check valves (CLOHP/CV). It was found that the
CHOHP/CV equipped with 2 check valves, has highest
heat transfer. Rittidech et al.[7] studied the correlation to
predict heat transfer of a closed-looped oscillating
heat-pipe with check valves (CLOHP/CV)]. Rittidech
et al.[6]: studied the closed-ended oscillating heat-pipe
(CEOHP) air-preheater for energy thrift in the dryer.
It was found, from the experimental results, that thermal
effectiveness increases and the (CEOHP) air-preheater
achieves energy thrift. Meena et al.[4] studied the application
of CLOHP/CV for reducing air humidity in the drying
process. It was found that a CLOHP/CV can reduce air
humidity in the drying processes. W.X. Ping et al.[8]:
studied the application of heat-pipe exchangers for humidity
control in an air-conditioning system. That research found
that exchangers can reduce humidity in an air-conditioning
system. So, the waste heat from air conditioner must be
managed for heat recovery by heat exchanger.
The CLOHP/CV heat exchanger is the most efficient heat
transfer device. The heat transfer by itself with the latent
heat of working fluids in the tubes can save energy using
thermal process heat recovery and air or water pre-heating.

This research investigates the application of a
CLOHP/CV heat exchanger for heating water using waste
heat in air-conditioners. This research is expected to the
development of a more efficient heat exchanger for water
pre-heating that can be used in domestic and commercial

scenarios to save energy and cost.

Experimental apparatus and procedure

The CLOHP/CV heat exchanger was made from
copper capillary tube with an inner diameter of 2.03 mm.
The lengths of evaporator, adiabatic and condenser were
20, 10 and 20 cm, respectively. The number of bends
and check valves were 40 and 2, respectively.
The inclination angle was 90° from horizontal axis.
The CLOHP/CV with a filling ratio of 50% (by total volume
of tube), using R134a, ethanol and distilled water as the

working fluids, with water flow rate of water through the
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condenser section of the CLOHP/CV heat exchanger
tested at 0.5, 0.75 and 1 L/s. were used for testing in this
research. Thermocouples were closed in the center points
of all sections of the CLOHP/CV. The heat exchanger
was covered with insulation to prevent heat loss from the
system. Thermocouples in the air inlet and outlet of the
evaporator box and in the water inlet and outlet of the
condenser box were closed. The data logger Yokogawa-
MX100 was used with type K thermocouples (Omega with
1+1°C accuracy).The experimental results were recorded
for 9 days from 08.00 until 18.00 hours.

Figures2, 3and 4 show an experimental setup
consisting of a CLOHP/CV heat exchanger with the
evaporator section being given heat by the waste heat
from an air-conditioner while the condenser section is

being cooled by water in a tank.

Water tank

storaae

CLOHP/CV
Heat Exchanaer N

Figure 2

Experimental set up

Figure 3  Testrig

Water tank

storane

Water

inlet

O oul 11—

Hot air
outlet inl

Schematic diagram of experimental apparatus

Figure 4

The thermocouples were used to calculate the
heat transfer of the test CLOHP/CV by using the calorific

method, as the following eq:
Q=mc,T, ~T,) ()

Effectiveness of heat exchanger as a comparison,
the rate of heat transfer rate with a disposable heating up

of the exchange of heat can be written as following eq:

Where

Onox = Coin (T, = T,,) (3)
And

Qact=C,(T, -T,) (@)

Variable parameters were:
Working fluids were:
R134a, Ethanol and Water.
Water flow rate were:

0.5, 0.75 and 1 L/s.
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Nomenclature
m° = Mass per unit time
C = Specific heat capacity, constant pressure
Tout = Outlet temperature at condenser section
Tin = Inlet temperature at condenser section
€ = Effectiveness
Qoo = Experiment heat transfer rate

Qexp = Maximum heat transfer rate

Results and Discussion

1. Effect of water flow rate on water tempera-
ture in tank

Figure 5 shows the relationship of water

temperature in the tank against time at a water flow rate
of 0.5 L/s. The highest water temperature in the tank was
42.68 °C when using R134a as the working fluid. The
water temperature in the tank, when using ethanol as the
working fluid in the CLOHP/CV, was 41.67 °C, higher than
when using distilled water as the working fluid in the
CLOHP/CV, 40.52 °C. Figure 6 shows the relationship of
water temperature in the tank against time at a water flow
rate of 0.75 L/s. The water temperature in the tank, when
using R134a as the working fluid, was 41.80 °C. The
water temperature, when using ethanol as the working
fluid in the CLOHP/CV, was 40.90 °C, and the distilled
water temperature, when using water as the working
fluid in the CLOHP/CV, was 39.83 °C. For the water flow
rate of 1.0 L/s, the highest water temperature in the tank
was 41.22 °C when using R134a as the working fluid in
the CLOHP/CV. The water temperature in the tank, when
using ethanol as the working fluid in the CLOHP/CV, was
40.44 °C, higher than when using distilled water as the
working fluid in the CLOHP/CV, was 39.03 °C as shown
in figure 7.
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Figure 5 The relationship of water temperature in tank

against time at a water flow rate of 0.5 L/s
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against time at a water flow rate of 0.75 L/s
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Figure 7 The relationship of water temperature in tank

against time at a water flow rate of 1.0 L/s
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Figure 8 shows the relationship of water flow rate
against water temperature in the tank. It was found that
at a water flow rate of 0.5 L/s the temperature of the
water in the tank can increase more than when the water
flow rate was 0.75 or 1.0 L/s. Therefore, the water flow
rate of water into the condenser section of the CLOHP/
CV heat exchanger was opposite to the water temperature
in tank. In other words, if the water flow rate was high,

the water temperature in the tank was low.
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Figure 8  The relationship of water flow rate against
water temperature in the tank
2. Effect of working fluid on water temperature
in tank

Figures 9, 10 and 11 show the relationship
of water temperature in the tank against time when using
distilled water, ethanol and R134a as working fluids, in
the CLOHP/CV respectively. It was found that the highest
water temperature in the tank was when the water flow
rate at the inlet of CLOHP/CV heat exchanger was 0.5
L/s.
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Figure 9 The relationship of water temperature in tank
against time when distilled water was used

in the CLOHP/CV
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Figure 10 The relationship of water temperature in tank

against time when ethanol was used in the

CLOHP/CV
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Figure 11  The relationship of water temperature in the

tank against time when R134a was used in
the CLOHP/CV

3. Effect of working fluid on water temperature
Figures 12 show the relationship of water
temperature in the tank against time when using distilled
water, ethanol and R134a as working fluids, in the
CLOHP/CV respectively. It was found that the highest
water temperature in the tank was when the water flow
rate at the inlet of CLOHP/CV heat exchanger was 0.5
L/s.
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Figure 12 The relationship of water temperature in the

tank against time for all the working fluids

4. Effect of working fluid on heat transfer rate
Figures 13 show the relationship of heat transfer rate
against time when using distilled water, ethanol and
R134a as working fluids, in the CLOHP/CV respectively.
It was found that the highest heat transfer rate was when
the water flow rate at the inlet of CLOHP/CV heat

exchanger was 0.5 L/s.
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Figure 13 The relationship between heat transfer rate
against time for all the working fluids
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Figures 14 show relationship between effectiveness
against time when using distilled water, ethanol and
R134a as working fluids, in the CLOHP/CV respectively.
It was found that the highest effectiveness was when the
water flow rate at the inlet of CLOHP/CV heat exchanger
was 0.5 L/s.

Conclusion

For the effect of water flow rate through the
condenser section of the CLOHP/CV heat exchanger, it
was found that the highest water temperature in the tank
was at 0.5 L/s and the middle and the lowest water
temperatures in tank were at 0.75 L/s and 1.0 L/s,
respectively. The water flow rate of 0.5 L/s was the best
water flow rate in this experiment because the time for
heat transfer between the water and the surface of the
CLOHP/CV heat exchanger was longer than with the
water flow rate of 0.75 and 1.0 L/s, so the water was able
to collect more heat from the CLOHP/CV heat exchanger
than when the water flow rate were 0.75 or 1.0 L/s. In
conclusion, the water temperature in the tank was controlled
by the water flow rate, with 0.5 L/s giving the highest
temperature, the heat transfer rate and the effectiveness.

For the effect of working fluid on water temperature
in the tank, the heat transfer and the effectiveness it was
found that when the CLOHP/CV heat exchanger used
R134a as a working fluid the water temperature increased
more than when ethanol and distilled water were used as
the working fluids because the latent heat of R134a was
the lowest in this experiment. So, the water temperature
in the tank, the heat transfers rate and the effectiveness,
when using R134a as the working fluid in the CLOHP/CV
heat exchanger, were the highest.

Finally, development of the most efficient
CLOHP/CV heat exchanger includes using R134a as the
working fluid and a water flow rate of 0.5 L/s for the water
pre-heater using waste heat from an air-conditioner. This

CLOHP/CV will save on the use of energy and cost.
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Abstract

Northeast of Thailand Eco-tourism is a significant revenue generator to the region. Several website have been developed
for advertising the tourism in this region. However, few ontology has been used for developing the tourism website.
Therefore, developing the tourism ontology for retrieving the information in the website is a challenging research task.
Thus, ontology is a technology used to store and illustrate the structured-content of website. In order to achieve
better F-measure, ontology plays an important role. This study aims to develop web-ontology for Northeast tourism
website using three frameworks including top-down, bottom-up and combination between top-down and bottom-up
(called combination). Moreover the recommender management system was used for building the alternative decision
guideline which is easier and quicker to use. The experimental results showed that information retrieved using the

combination framework has the highest F-measure up to 82.26%.
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Abstract

The effects of four different rootstocks on thequality characteristics of ‘Sida’ tomato 25 days old'Sida’ to ma to grafted
on four rootstocks, Solanumtorvum Swatz, Solanumindicum Linn, Colanumstramonifolium Jacq and Solanumxanthocar
pum are presented in this study.. The experiment was carried out from June to November, 2009 at the experimental
field, Division of Agricultural Technology, Faculty of Technology, Mahasarakham University. The results showed that
SolanumtorvumSwatzwas a potential rootstock for producing ‘Sida’ tomato,due to this rootstock increasing the total
non-structural carbohydrate (TNC)of tomato leaf, fruit biomass, firmness and flesh thickness. In addition, fruit color of

the tomato in terms of L* and b* was also improved by usingSolanumtorvum as rootstock.

Keywords: Tomato, Grafting, Rootstock, Scion, Qualitycharacteristics
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9. RnmmIiueuyadasE MuITNIVEI Lim
et al/Faimindatninanzidoilafifud Usunas 10
fanaasiaadlunaaania Lﬁuiuﬁﬁﬂluﬁauﬁuﬁqmﬁgﬁ
6 asmaaLdus win 24 $2lug udrnsasdenanIung 2
%ugmmmﬁ'mm 2 findansldlunasa viol s luUidieses
centrifuge AA21N32 12,000 50UR 4 paenLmaLGE Wt
5 Wl %é’amn&ug@msaﬁ'@ 0.40 JaRRATUNIANAL
DPPH solution 2Nl TH 6.3x10°mol/L UFu1as 2
ﬁaﬁﬁmmﬂ'ﬂﬁﬁﬁﬁuﬁavﬁﬁqmﬂgﬁﬁaamu 50 W91 LAz
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ﬁ’lmimmg@nﬁmlmﬁ'smﬂ‘%'aa Spectrophotometer 7
ANUENMIAEYN 515 w lwwastnaf ldundwiamnana
snanInlunsduenyadasznoduesidud
ﬁﬁagaﬁvl@‘i’lﬂmaaumwuﬂsﬂs'smm:mm
uandsvasenaasnaaaalaslslsunsy SPSS

NanN1sAN®E
1. Banmanilulawsaililslassaths (TNC)
1.1 Ty ammmdSunm TNCG Tuauly
wzidanaannmsldunafiuandsiulusrsduusidame
01y 7-21 Tunasdnoan wuIMIMduaaNzilaviia
99 lifinadatSainm TNG fensfansulussidama
lasnnnTaududdyTaim TNC e sfiliuandna i
NIEna mm:ﬁlumdmwﬁaﬁmﬂgﬂ 28-42 Y% WU
USunm TNC nnlunzidiainalundaznIaidudizaining
wandsiumestaatheliiiviiy lnondauiudildduns
nnuzdanerililunzidamaiysunm TNC mﬂﬁq@
A9 0.30 0.32 0.33 TaaNTuFD 100 NFWTWINLIS ﬁawq
28 35uaz42 Tuwasdnolan auaay e innsle
duaa  MNNBNYIFRUSINM TNC a%mluﬁaﬂﬁq@ﬁa
0.23 0.25 Ua=0.27 Hadn3uda 100 nFuWINURS ana
Slagl ﬁm%’ulwﬁaaﬁwmwé’uﬂﬁﬂﬂg}ﬂﬁmq 49 U856
Tu wuinmsltauasuzidavfiadeg LifinadedTunm
TNC lusnululasnnviauiudfidanm TNC suluady
ﬁvl,ajl,mn@mﬁumdaﬁaa%iszwj'm 0.31-0.34 L§320.31-0.35
faansude 100 NSUTNRINLS AudEy (Table 1)

Table1 Contents of total non-structural carbohydrate (TNC)from tomatoleavesaftertransplanting

TNC Contents (mg/100 g DW)after transplanting(days)
Treatment

7 14 21 28 35 42 49 56

Control (self grafted plant) 0.21 0.21 0.23 0.26¢c | 0.27bc | 0.29bc 0.31 0.31
SolanumtorvumSwatz 0.22 0.23 0.25 0.30a 0.32a 0.33a 0.34 0.35
Solanumindicum Linn 0.21 0.22 0.24 0.29ab | 0.30ab | 0.31ab 0.33 0.35
ColanumstramonifoliumJacq 0.19 0.20 0.22 0.23d 0.25¢ 0.27¢c 0.31 0.31
Solanumxanthocarpum 0.21 0.22 0.24 0.28bc | 0.28abc | 0.29bc 0.33 0.35

F-test ns ns ns ** * * ns ns
C.V. (%) 11.56 9.13 10.99 5.10 10.43 8.77 8.61 11.82

YLetters within columns indicate least significant differences (LSD) at ** p = 0.01, * p = 0.05,ns =non significant
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1.2 ﬁwﬁumnmsﬁwﬁwﬁuﬁagmﬁaaum
JaermdSanm TNC 2 zozfie vnzduaanaanuas
mMendafuRgwo M duusealagldduneusdoriia
d99 luudazniadudlieniadoUsun o TNCE iU
liuandrsfiuneafidlasfidSanm TNCagszning 0.20-
0.23 UA20.22-0.27Ha8n5usa 100 NUIMINUIIY DA A%,
ANS980NABNLAZANURAILAULIAEINANEA AWE1dD
(Table2)

1.3 IIMIATRAUSI TNC nan
NNNT2YN 2 TR NTBALINURIBEG Y NaN1INAaI
WudmnYEaLiual TNCludmnnlulSinadilndifoein
8gj5znINg 0.18-0.21 JadnJuda 100 nFusiwinuslu
Y duaanaan TN unaIAUABINANEANLI
rsauudfidousaalaslddunauzdeniiaing g fwade
U331t TNC
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U0 lagUSuno TNC #1370
vi3auudiltduaaannuzdanis wudwﬁﬂ’%mmmnﬁqm
A0 0.26 Taan3usa 100 nFutwmENuAs o TNC i
ﬂ%mmﬁaﬂﬁﬁgﬂ"lﬁmﬂﬁu@amﬁﬂﬁa 0.20 AaanJusia 100
NS WU (Table 2)

2. WRTINIWINNMTIATIZANIATIAININ
nanzidamaannnisliduaefinan dsiunuin udas
vl udluraiimwaasnafinandsiuneaiae el
Koddnds (p<0.01) langanIugw wasnIaLTudaAly
vau@amﬂw:@amalﬁmmﬁﬂma%’amwmadwamnﬁqm
(91.55 uaz 91.371asidudanuddn) vaiinsliduae
nnuEdn wasuzdoineleadouiadinwueinal
52N (90.36 wae 90.16 Lo SiFud MudndL) (Table3)

Table 2 Contents of total non-structural carbohydrate (TNC)from tomatostem and rootaftertransplanting

TNC contentsin stem (mg/100 g DW)

TNC contentsin root (mg/100 g DW)

Treatment
Flowering stage After harvesting Flowering stage  After harvesting
Control (self grafted plant) 0.20 0.23 0.20 0.22bc
SolanumtorvumSwatz 0.23 0.27 0.21 0.26a
Solanumindicum Linn 0.21 0.24 0.20 0.23ab
ColanumstramonifoliumJacq 0.20 0.22 0.18 0.20c
Solanumxanthocarpum 0.21 0.24 0.20 0.22bc
F-test ns ns ns **
C.V. (%) 32.98 11.56 20.21 8.65

YLetters within columns indicate least significant differences (LSD) at ** p = 0.01, ns = non significant

Table 3 Biomass of tomato fruit at harvesting stage

Treatment

Fruit biomass (%)

Control (self grafted plant)
SolanumtorvumSwatz
Solanumindicum Linn
ColanumstramonifoliumJacq
Solanumxanthocarpum

F-test

C.V. (%)

91.55a"
91.37a
90.81ab
90.36b
90.16b

*%

2.10

YLetters within columns indicate least significant differences (LSD) at ** p = 0.01
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3. ddinavsidemnafiiuiAsiandule
NIAiuAEN9 Aszozifiuiien (818 56 Twnaaiulan)
iuniad&lugdves La* uasb* Goil

3.1 @1971483I19 (LH)HNAaN1INaaad
wuihmslEduaafiuandnsiuianinadadn L* 209Wa
HanziaineanynnIauiudiien L Auandnafiuniaha
athaliudande (0<0.01) lnsnaanrdaidudildduaa
Nelawaslan L* mﬂﬁq@ﬁa 49.45 mmxﬁ‘lummuqu
({ReUpaaduaaLan) Jen L ﬁaﬂﬁq@]ﬁa 43.24 (Table 4)

3.2 famiiaan a* nRaNzidainali
5zy:Lﬁmﬁmﬁmq 56 Twnavinelan WUIMI M duae
Auandrsiuliduansznudadn a* dsazfinldanns
szidamalunnriadudiid a* %aagﬂu‘[mu%umﬁ%
wand9NuN9aiiAatszwing 24.03-26.50 (Table 4)
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3.3 @1 b*§1nTuNTIaAT b* Nanzidalng
sl,mzﬂzl,ﬁmﬁmﬁmq 56 Juwasgnodgn wudimsld
Fumafinandnsiuiianinadasanuinaesnied b* lag
viaaudalTuz g ownaiudunatien b* mﬂﬁqmﬁa 22.90
mmz‘ﬁl"gﬂmuqu ({ReUgaaauaaLal) A1 b* ﬁayﬁ'q@ﬁa
19.50 (Table 4)d9rmanmMyTnsRINaNzdaInAaNnMy
I¥dumafinansiuluszoziuifguaasliifiuiinsls
duaanusdan NTILFUTINQUNNNIIEUEHA TNl
leafanafinasaitawan TS o udany

4. auuiuiiaannisTanuuintians
wsidomeafisz oz v Inanaa (56 Twadadaian) wu
n3audflddunanuzidons weuty wazuzide
BIpats ﬁﬂﬁwaNawzﬁamﬂﬁvlﬁﬁm’mLMuLf‘Iamﬂﬁg@
(0.28 0.30 LA=0.28 N ANTNABMTILTUALNAT AMVEIGL)
mmzﬁwamﬁamﬂmnq@muqu (FOUBaAAUABLAN)
ﬁmmuﬂmﬁaﬁaﬂﬁq@ﬁa 0.187lanSudam I TURIAT
(Table5)

Table 4 Color of tomato fruit in terms of L* a* and b*at harvesting

Fruit color
Treatment
L* a* b*
Control (self grafted plant) 43.24d" 2513 19.50c
SolanumtorvumSwatz 49.45a 24.84 22.90a
Solanumindicum Linn 47.10bc 25.82 21.26b
ColanumstramonifoliumJacq 48.73ab 24.03 21.80ab
Solanumxanthocarpum 45.28¢c 26.50 20.58bc
F-test > ns **
C.V. (%) 13.00 24.22 20.57

Letters within columns indicate least significant differences (LSD) at ** p = 0.01,ns = non significant

5. anunwtiiaannmsTannunwiiorasua
N:Lﬁamﬂﬁmqlﬁmﬁm wumslsduaafiuandraiug
nadonunwLiaaInanzdoma TaanIaiudals
AuARINNU AN WewId uazuzi@iadzddanunm
Lf‘famﬁsmﬂﬁq@%wamvﬁamﬂmnﬁu@aﬁ‘a 3 wiia
Fonaniiaanunuiariniuda 0.36 LTWAWAT VA
ﬁﬂ%mﬁuﬁmuqu (FIUEARUABLEN) UaTRALTUGALE
AuAaINNLAN ﬁ@hm'&iwaammmmﬁaﬁasﬁqﬂ (0.29
WAz 0.33 LTUALNAT ANNEGL) (Table 5)

6. ﬂ’%mmmawﬂaﬁazmﬂuﬁw (Total soluble
solids : TSS)MITALSI TSSIMNEwiHanaNzdaine
fiszsfinifginanda wuimsldduaosdorfiadngg
lifinadadSanm 7SS vasmanzdama lasnnvSauiug
JUSu1mw TSS La'&;ﬂﬁvl,ajl,mﬂ@i'mﬁ'umaaﬁaagjizwm
6.97-7.65 °Brix (Table5)

7. Ysunmnsailninsnld(Titratable acidity :

v &

TA) Myleneidsunm TA sasnanzidaimnaluniaiiug

A

6149 Arzaziufier woiimsldduaafuandraind
NANTENUADTZOU TA VaINauzilaine 1a ﬂnﬂﬂ%mﬁuﬁﬁ
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UTunm TA fiwanadanun1safifednIlne &y (p<0.05)
lﬁl = U a =1 a0 td‘ o
Taganuau (\Fuusanduaaiday) JUTm TA gifigada
6 & 6 1 v v v =
0.64 vasidud #Iun1TlTduneanuzeds wazNzdn
flazdy TA dflga (0.49 uaz 0.44 Wedidud auda)
(Tableb)
8. USN1aIaNNUTHANIINASINUINATIT
AuaaNzilany 4 The luinadaUSuimIanindvaIne
szifome laswauzidamannynrniaduddiodudlu

Table 5 Quality characteristics of tomatofruitat harvesting

J Sci Technol MSU

ﬂ’%mmﬁvlajl,mﬂ@mﬁummﬁaagji:vrjw 13.65-13.88
faansuda 100 nutindinas (Table5)

9. ﬂ%mmmsﬁma%aamzﬁiwuﬁuLﬁm
HANINAREINLIN Msliaunanzidars 4 viie Lilnada
USnmansenuauyadan: I@ﬂwamﬁamﬂmnnnﬂ’%mﬁm‘
ﬁmsﬁma%a%mﬂuﬂ%mmﬁ%me@i’mﬁ'umoaﬁ?\agj
321319 79.66-93.99 1asiBua (Table5)

Quality characteristics
Treatment Firmness |[Flesh thickness| TSS TA Vitamin C Antioxidant
(kg.lem?) (cm) (°Brix) (%) (mg/100 g FW) (%)
Control (self grafted plant) 0.18¢" 0.29b 6.97 0.64a 13.65 79.66
SolanumtorvumSwatz 0.28a 0.36a 7.32 0.55ab 13.74 87.82
Solanumindicum Linn 0.30a 0.36a 7.27 0.49b 13.76 93.99
ColanumstramonifoliumJacq 0.23b 0.33b 7.45 0.44b 13.70 93.83
Solanumxanthocarpum 0.28a 0.36a 7.65 0.55ab 13.88 85.83
F-test > * ns * ns ns
C.V. (%) 28.86 22.53 6.34 15.52 1.02 12.00

YLetters within columns indicate least significant differences (LSD) at ** p = 0.01, * p = 0.05,ns = non significant

'3

%'ﬁmwami‘nﬂaaa

INMITANBITRAAVRIAUABNANITINABNTNRANZLD D
ineutdendisiinafousealasltizasznauzda 4

a =) =1 k4 = = | v
THAAD NLLVANWI VLTI DN uasnz@aldnziduauas
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\ P A o &a o ~
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AnuRMLtaNNINNIINIaBAan 9 NelnTltauae
A A 1 QI =

szidawisfisutioiiunisazan TNCluluuzdainegs
AnIaiudany anafiasnnmsliauwaafdnsniani
RINATNIATTUUIINV IR WA TT AU ULT I TILANANIN%
%di’mﬁﬁﬂ’nmlﬁ\‘lLLiGﬁNHiEﬁLL@ﬂ@iﬁdﬁ%ﬁﬁdNaﬂiz“nu
I@mm@iammmmmiumi@@ﬁ’]Lm:mqmmia’mau
Juldifsedud g sasduiitlasianzdiusaanug
(scion) NvhwinAlaSneialy (vegetative growth) Waf)
1danmnassseradunldldinszuunnussduansuzide
W'saﬁmwﬁ'smﬁuﬂs:ﬁw%mwmaami@@mLm:m@;mmi
lagmmnandwdngnmoluduis sonariliduiainig

a a d'dng 8‘3 o v v A & U
WwinLiulafaguisanavinldmsltuzidowialudune
U A o A a o 6 a 1 v Y
@umwamﬂwuga@mmimmsw:mmmmwmﬂmuma
ueilarfiadug uazdinaldawlulinisszan TNC

- 42X v v e .
IndSurnAsdunanldzraandadfuVenema et al.
' v Y A o €y A 1 o v A
wmwmﬂmumau:mawuqﬂmmw’mmﬂma@mmamﬂ

o & P a X . va A A
Wi Moneymaker filunnausnaiinuainalifinuilu
NNIFILATIZALFIVAINTLNORZAN TNC IuaInluvad
AUNLTDINAANTY VUSAFIUVDINIRTIANNWHE WU
a £ 6;1' v v A v dl A
NIALTUAN ITAUA DIV DN AANARINIRDINN
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wadanwuesioliuniu vaued Riveroet al' nanai
AN Egenotype VAIGWADEIFINANTENUGDIATINT
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FIUN N WHAKRA TR INA anuuiniie uaz
mwwmLf:a“uaawauwﬁamaﬁufﬁm wuhmsltuzidanag
\duduaarnandaunfomeaiiounmdnimiauiug
A 9 Fauafildmonndasiiu Hofmanet al.™ $1897%
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Abstract

The objective of this study is to assess production of biogas from human excreta through a two-phase experiment.
The firstphase is the study under controlled conditions, experimented in 120 ml serum bottles using the upflow
anaerobic sludge blanket (UASB) from a cassava factory, having mixed liquor volatile suspended solids (MLVSS) of
2 g/Il. The 30 ml sludge was poured into serum bottlesand adjusted to have chemical oxygen demand (COD) of 1000,
2000, 4000 and 6000 mg/l. Excrete (70ml) was added. The mixtures were incubated at 37+1 °C for 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55 and 60 days. The second phase experimented using the optimum condition obtained from the
first phase and applying it to a anaerobic covered lagoon system witha volume of 8 m?for 5, 10, 15, 20, 25, 30, 35,
40 and 45 days and adding the excreta of 88 Il/dayeveryday to control COD concentration of 6000 mg/l.
The experiment was batch test.

From the firstphase, COD concentration of the excreta was reduced from 6000 mg/l to as low as 3,857.14
mg/l at 45 days, exhibiting the highest COD removal efficiency of 69.05+0.8%. Biogas production and methane gas
content were increasing with increasing COD and time. Parasites detected at 5-30 days were Entamoeba
coli,Opisthorchisviverrini and Teaniaspp., not detectable at 35-60 days.The optimum conditions for the firstphase was
COD concentration of 6000 mg/l at 45 days, exhibiting the highest COD removal efficiency, and COD removed per a
unit of biogas production. Under the optimum conditions, the highest COD removal was 523.81 mg and biogas
production was 8.0 ml, which were applied to the condition in the second phase. For the second phase, highest COD
removal efficiency for the human excreta obtained from the anaerobic covered lagoon system at 45 days was
53.17+0.7%, ignited time was 215 min, biogas production was 2.15+1.10 m*(0.43 m%d) and methane content was
67.17+1.3%. The fertilizer (sediment) contained nitrogen, phosphorus and potassium of 1.71+0.03%, 0.62+0.04% and
0.651£0.02%, respectively. On day 5" and 25" parasites detected were Entamoeba coli, Opisthorchisviverrini,

Teaniaspp. and Ascarislumbricoides and not be detectable at 30-45 days.

Keywords: Biogas, Excreta, Anaerobic wastewater treatment
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Abstract

In this study, bacteriological qualities and some qualities in terms of pH, odour, appearance, label information (name
of manufacturer and location of product), coliform bacteria, fecal coliform bacteria and E. coli of clear and opaque
plastic bottled drinking water samples distributed in Kanchanaburi Province, Thailand, were investigated. The results
showed that the pH values of the tested samples were in a range of 5.5-7.5. Complete label information with respect
to the manufacturer, the manufacturing name and expired/manufacturing date appeared in 29 samples, while 18
samples did not show expired date/manufacturing date on their labels. Coliform bacteria and fecal coliform bacteria
of the water samples was less than 1.8 MPN/100 mL and none of E. coli was found in all samples. However, one
sample (Sample 1) of brand KO4 was found to have all types of indicator bacteria with 23, 2.0 and < 1.8 MPN/100
mL, respectively. One sample (Sample 6) of brand KO5 was contaminated with both coliform and fecal coliform

bacteria for 49 and 6.1 MPN/100 mL, respectively, and no detection of E. coli. Indeed, assessment of bottled drinking
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water samples distributed in Kanchanaburi Province, Thailand, based on some physical and microbiological standards

for drinking water in sealed container set by Ministry of Public Health of Thailand revealed that the tested samples

met the standard for 19 samples (40.42%) from 47 samples.

Keywords : Clear plastic bottled drinking water, Opaque plastic bottled drinking water, Coliform bacteria, Fecal

coliform bacteria, E. coli, Kanchanaburi Province, Thailand
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nNnaaea
Fuih3auunasluiad Chironomidae fanuddydaszuufinainia adwlifioudaysaynininuveiuihialy
Urinalnodsfimafineliann lunsdnmillfdnsaclunsfnmaynainusmoszauialdlunsduunsiiavas
Swihia 3 *UTALAWA Chironomus striatipennis, C. javanus ua Kiefferulus tainanus lagiiuiagngInindaannunasin
Tudandaumanimauszisniaiooida namdnswuinsmesMmgIwIngaIwihien 3 sisaannsaInuIew
dauniandradslugfinmadu nsfnwuaasiugmaaslaslidnsuzIndfinlaslulounwudn C. striatipennis
Hlwafulaslulon 4 wisdsznaumeuns AE, CD, BF WAz G WUGIWALY nucleolar organizer UWas balbiani ring U4
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ladlwanulaslulowved K. tainanusfi 4 uvis wuindasund G finsifandenudasuris E msdnsndidule
uslaalasldarduiinadlelndvaslulnaauasyadidulavaddn cytochrome c oxidase subunit | (COI) WU3N &30
syrfialdgndasnivue anmsienzimsduiusmadiannmiinoihnamsensndulululwdé@n (monophyletic)
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Abstract

The larvae of the family Chironomidae are important components of freshwater ecosystems. However, taxonomic
knowledge of these insects is poorly developed in Thailand. In this study we examined multiple character sets for
species identification of the larval stage of three Chironomid species, Chironomus striatipennis, C. javanus and
Kiefferulus tainanus. Specimens were collected from Maha Sarakham and Roi Et Province, Thailand.The morphological
characters of these species agreed with previously published descriptions from other geographic regions. Cytological
examinations revealed that C. striatipennis has four polytene chromosomes with the arm combinations of AE, CD, BF
and G. The nucleolar organizer and Balbiani Ring were located on the chromosome arm G. C. javanus has four
polytene chromosomes, but arm combinations could not be determined due to the poor quality of the chromosomes
except for arm G. K. tinanus has four chromosomes,and chromosome arm G was connected to chromosome E. DNA
barcoding based on mitochondrial cytochrome ¢ oxidase subunit | (COI) sequences perfectly differentiated these
species. The results are consistent with phylogenetic analysis that revealed that all three species formed
monophyletic clades with strong support. However, two distinct groups were found among the specimens of

C. striatipennis indicated cryptic diversity in this species that needs further examination.

Keywords: Chironomidae, Chironomus, DNA barcode, polytene chromosome
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Introduction

The family Chironomidae contains diverse and abundant
macroinvertebrates found in freshwater ecosystems.
There are 4,147 species recorded worldwide'.Larvae of
these insects play an important role in freshwater
ecosystems’because they are important sources of food
for fishes and many other aquatic predators®. Chironomid
larvae have frequently been included in biomonitoring
programs because they are sensitive to environmental
changesas well as chemical and heavy mental contamina

-
tion*® &7

. However, the major obstacle when using
Chironomid larvae as bioindicators is a lack of
taxonomic background. In Thailand, to the best of our
knowledge, there areonly two reports on the species
diversity of Chironomidae® °.

Traditional taxonomy of the larva based on
morphological characters provides important basic
information, but also suffers a major limitation because
of the high degree of morphological similarity between
closely related species'.Cytotaxonomy using polytene
chromosome banding patterns has also contributed to
Chironomidae taxonomy''. Nonetheless, using polytene
chromosomes for Chironomidae taxonomy requires
highly skilled staff and basic information from the
morphological taxonomy for species reference.

To overcome the limitations of traditional
taxonomy, molecular approaches have been introduced
to the taxonomic study of living organisms. DNA
barcoding is among the most widely used methods. This
technique uses short DNA sequences (500 — 600 bp) to
differentiate species based on the level of genetic
distance'®. Several studies on Chironomidae from
different geographic regions indicated that the cytochrome
c oxidase | (COIl) sequences were highly effective for
species identifications'® '® ™ 151617,

In this study, we examined morphological,
cytological and DNA barcoding sequences of three
Chironomids species in Thailand. The aim was to provide
taxonomic information of these important insects that

could be used in further study.

Materials and Methods

Specimen collection and identification

A total of 18 collections were made from six
sampling sites in MahaSarakham and Roi-Et provinces,
Northeastern Thailand (Table 1). Larval specimens were
preserved in Carnoy’s fixative (3:10f 95% ethanol/glacial
acetic acid) and stored at -20 °C until processing. Preserving
specimens in Carnoy’s solution enables us to obtain
morphological, cytological and molecular genetic data
from the same individual'. Environmental conditions of
the larval habitats recorded included altitude (m), water
conductivity, pH, water temperature, depth and width
(Table 1). Species identification and descriptions of the
morphological characters followed Epler'®, Cranston® and
Martin®.

Cytogenetic study

Fourth instar larvae were used for salivary gland
polytene chromosome preparations using the Feulgen
stain method”'. Identification of the chromosome arms
followed Keyl” and Dévaiet al®>. Chromosome arm
designations were also made by comparison with a

previous publication of Chironomus circumdatus Kieffer™.

DNA extraction, PCR primer amplification and
sequencing

Total genomic DNA was extracted using the
Genomic DNA extraction mini kit (RBC BioScience,
Taiwan). The polymerase chain reaction (PCR) was used
to amplify a region of themitochondrial cytochrome c¢
oxidase | (COl) gene using the primers LCO1490
(5-GGTCAAAAATCATAAAGATATTGG-3’) andHC0O2198
(5-TA AACTTCAGGGTGACCAAAAAAC-3')”®. DNA was
amplified in a 50 pl reaction containing 10X PCR buffer,
50 mM MgCIz, 10 uM dNTPS’ 10 uM of each primer and
5 units Taqg DNA polymerase (Vivantis, Malaysia). The
temperature profile for the PCR reaction included initial
denaturation at 94°C for 3 min, followed by 35 cycles of
94°C for 30 s, 45°C for 1 min and 72°C for 1 min, and
the final extension at 72°C for 5 min. PCR products were
checked with 1% agarose gel electrophoresis. Successful

amplification products were purified using the HiYield™
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Gel/PCR Extraction Kit (RBCBIOSCIENCE, Taiwan).
Sequencing was performed at Macrogen (Seoul, Korea)

using the same primers as in the PCR.

Data analysis

A total of 33 COI sequences were included in
the analyses. Of these, 18 were obtained in this study
and 15 were from conspecific sequences available in
Genbank (Table 1). DNA sequences were aligned using
CLUSTAL X*°. Intraspecific and interspecific genetic
divergence values werecalculated based on the Kimura
2-parameter (K2P) model using MEGA 5. The phylogenetic

relationships of species were calculated using three

J Sci Technol MSU

methods including maximum parsimony (MP), neigh
bor-joining (NJ) and Bayesian analysis. The MP analysis
was performed in PAUP*4.0b10%. A neighbor-joining (NJ)
tree was estimated in MEGA 5%. Branch support for MP
and NJ trees was calculated based on 1,000 bootstrap
replications. The phylogenetic relationship based on the
Bayesian method was estimated using MrBayes
software®. The Bayesian analysis was run for 2,000,000
generations with a sampling frequency at every 100
generations. Cricotopus tristis (Genbank accession
number DQ865173) was used as the outgroup for all

phylogenetic analyses.
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Table 2 List of species and Genbank accession numbers

Simwisat et al.

of COI sequences included in this study.

Species Accession Country of
number code origin
Chironomus striatipennis ~ AB838642 Japan
C. striatipennis AB638643 Japan
C. striatipennis AB838644 Japan
C. striatipennis AB838645 Japan
C. striatipennis AB838646 Japan
C. striatipennis JF412086 Korea
C. striatipennis JF412087 Korea
C. striatipennis JF412088 Korea
C. striatipennis JQ350720 Korea
C. striatipennis KC407765 Korea
C. striatipennis KM013389 Thailand
C. striatipennis KM013390 Thailand
C. striatipennis KM013391 Thailand
C. striatipennis KM013392 Thailand
C. striatipennis KM013393 Thailand
C. striatipennis KM013394 Thailand
C. striatipennis KM013395 Thailand
C. javanus JF412082 Korea
C. javanus JF412083 Korea
C. javanus JF412084 Korea
C. javanus DQ648203 Australia
C. javanus KM013378 Thailand
C. javanus KM013379 Thailand
C. javanus KM013380 Thailand
C. javanus KM013381 Thailand
C. javanus KM013382 Thailand
C. javanus KM013383 Thailand
C. javanus KM013384 Thailand
C. javanus KM013385 Thailand
C. javanus KM013386 Thailand
Kiefferulus tainanus DQ648225 Australia
K. tainanus KM013387 Thailand
K. tainanus KM013388 Thailand

J Sci Technol MSU

Results

Larval morphology, polytene chromosomes
and DNA barcode

Chironomus striatipennis Kieffer

The morphological characters of Thai specimens
of C. striatipennis (Fig. 1) agree with the description of
this species from other geographic regions® *. This
species was found in habitats at elevations of 151-160 m
above sea level, water conductivity between 386 - 1,590
uS/cm, pH between 7.05 - 8.64 and water temperature
range from 25.0 - 30.3 °C. Larvae were collected at a
depth of about 1.3 - 19.5 cm.

The polytene chromosome of C. striatipennis
has four pairs (Fig. 2) with the chromosome arm combinations
of BF, CD, AE and G. Thus, this species belongs to the
pseudothummi-cytocomplex®. Chromosomes BF, CD and
AE are long and submetacentric while chromosome G is
short. The nucleolar organizer (N) and Balbiani ring (BR)
were found on chromosome G (Fig. 2).

Seven COI barcoding sequences were obtained
from Thai C. striatipennis. Ten sequences of C. striatipennis
from Genbank were included in the analysis. As the
phylogenetic analyses revealed two distinct clades among
the specimens of C. striatipennis the intraspecific and
interspecific genetic divergences were also calculated for
each clade (Fig. 7). Clade I-1 contained 14 specimens
and all of the Thai C. striatipennis belonged to this clade.
The intraspecific genetic divergence values for the
members of this clade ranged between 0% and 3.1% with
a mean of 1.1%. The interspecific genetic divergence
values ranged from 13.5% to 16.8% with a mean of
15.2%. Three individuals of C. striatipennis (two from
Japan and one from Korea) formed clade 1-2. The
intraspecific genetic divergences within this clade ranged
from 0.4% to 2.2% with a mean of 1.6%. The interspecific
genetic divergences ranged from 10.2% to 16.4% with a
mean of 13.1%. Intraspecific genetic divergence values
for the combined data of C. striatipennis ranged from 0%
to 13.8% with a mean of 4.4%. The interspecific genetic
divergences ranged from 13.5% to 16.8% with a mean
of 15.0% (Table 3).
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Chironomus javanus Kieffer

The morphological characters of C. javanus
(Fig. 3) agreed with a description from Malaysia®. This species
was found in habitats at an elevation of 141 - 151 m above
sea level, water conductivity of 225 - 654 uS/cm, pH
between 7.66 - 8.66 and water temperature of 19.22 -
35.6°C. Larvae were collected at depths of 10 - 35 cm.

C. javanus has four polytene chromosomes. The
chromosome arm designations were difficult to determine
because of the poor quality of the chromosome bands.
Among the seven chromosomes arms, only chromosome
arm G was certainty identifiable (Fig. 4). A prominent
nucleolus organizer and two Balbiani rings were found on

chromosome arm G (Fig. 4).

Figure 1

Larval morphology of Chironomus striatipennis;
A - head capsule, B - mandible, C - antenna,
D - labrum and E - ventomental plate. Scale

bar represents 50 pm.

Figure 2Polytene chromosome of Chironomus striatipennis.C, centromere; BR, Balbiani Ring.
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Figure 3

Figure 4.
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Nine COI barcoding sequences were obtained
from C. javanus in Thailand and four (three from Korea
and one from Australia) from Genbank were included.
The intraspecific genetic divergence of the combined
specimens ranged from 0% to 1.30% with an average
value of 0.70%. The interspecific genetic divergences
ranged from 13.3% to 16.8% with a mean of 15.2%
(Table 3).

Kiefferulus tainanus Kieffer

The morphological characters of the larval stage
of Thai K. tainanus are shown in Fig. 5. This species was
collected from habitats at an elevation of 144 - 163 m
above sea level, water conductivity of 530 - 654 uS/cm,
pH between 7.66 - 9.88 and water temperature at 19.22
- 28.9 °C. Larvae were collected at a water depth of
approximately 35 - 40 cm.

K. tainanus has four polytene chromosomes with
the arm combinations of AE, CD, FB and G. However,

chromosome arm G in most specimens examined was

Larval morphology of Chironomus javanus;

connected to chromosome arm E. A prominent nucleolar

A - head capsule, B - mandible, C - antenna,

organizer was found at the terminal of chromosome arm

- labrum and E - ventomental plate. Scale G (Fig. 6)

bar represents 50 pm.
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Polytene chromosome of Chironomus javanus.C, centromere; N, nucleolar organizer; BR, Balbiani Ring.
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Figure 5 Larval morphology of Kiefferulus tainanus;
A - head capsule, B - mandible, C - antenna,
D - labrum and E - ventomental plate. Scale

bar represents 50 um.
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Figure 6

The COIl sequences of this species were
obtained from two Thai specimens. A single COI
sequence of this species from Genbank was included in
the analysis. The intraspecific genetic divergences ranged
between 0.7% and 3.1% with a mean of 2.1%. The
interspecific genetic divergences ranged from 15.4% to
16.8% with a mean of 16.1% (Table 3).

Phylogenetic relationships

All three phylogenetic methods (NJ, MP and
Bayesian) revealed nearly identical tree topologies. Thus,
only the NJ tree is shown (Fig. 7). There were two main
clades among the specimens included in the analyses.
Clade | comprised specimens of C. striatipennis and C.
jarvanus. Both species formed a monophyletic clade with
strong support. The sequences of C. striatipennis divided
into two subclades (I-1 and 1-2). Most specimens belonged
to subclade I-1. Three specimens (two from Japan and
one from Korea) comprised clade |-2. The genetic diver
gence between these two subclades was high (11.6%),
suggesting that they might represent different species.
Three specimens of K. tainanus (two from Thailand and

one from Australia) formed clade Il with strong support.

Polytene chromosome of Kiefferulus tainanus.C,centromere; N, nucleolar organizer; BR, Balbiani Ring.
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Discussion

Chironomid larvae are important components of
freshwater ecosystems and are valuable for biomonitoring
programs®. Thus, taxonomic knowledge is crucial for
understanding all aspects of these insects. Traditional
taxonomy ofthe larval stage suffers the major obstacle of
the high degreeof morphological homogeneity™. In
Thailand, there have been few taxonomic reports of the
Chironomidae®®. Therefore, the morphological characters
of the larvae provided in the present study will significantly
contribute to current knowledge of Chironomidae diversity
in Thailand.

Polytene chromosomes are important taxo

nomic tools for Chironomidae'" *" *

. Different species
usually possess different banding patterns, which enables
precise species identification®'. However, the difficulty of
using polytene chromosomes as a taxonomic tool for
Chironomidae is the lack of other previously identified
morphological characters of the species. Integrating
morphological characters with polytene chromosomes
would thus enable multiple character sets for species
identification. This is particularly useful for the differentiation
of closely related species that often shown great morpho
logical similarity™.

In addition to the morphology and cytology, we
also provide the DNA barcoding sequences ofthese
species. DNA barcode has been usedsuccessfully to

%34 Our results

delimit species of the Chironomidae
revealed that DNA barcoding sequences performed well
when differentiating the three species included in this
analyses. All three species were perfectly differentiated
from each other and formed well-supported monophyletic
clades in the phylogenetic analyses.

As well as species identification, DNA barcoding
is also useful for uncovering cryptic diversity™. Our results
revealed two distinct clades among the specimens of C.
striatipennis. All Thai specimens of C. striatipennis formed
clade I-1 with some specimens from Japan and Korea,
while three specimens (two from Japan and one from
Korea) formed another clade (I-2). The level of genetic
divergence among these clade was high (11.6%) that
indicated they most likely belong to different species.

Further study is needed to clarify this situation.

J Sci Technol MSU

Table 3 Mean and range of intraspecific and interspecific
genetic divergence of the COIl sequences for
three Chironomidae species based on the

Kimura 2-parameter model.

Species N Range of Range of

intraspecific interspecific
genetic diver- genetic diver-

gence (mean) gence (mean)

C. striatipennis 14 0-0.031 (0.011) 0.135-0.168
clade 1-1 (0.152)
clade 1-2 3 0.004-0.022 0.102-0.164
(0.016) (0.131)

All 17 0-0.138 (0.044) 0.135-0.168
(0.150)

C. javanus 13 0-0.013 (0.007) 0.133-0.168
(0.152)

K. tainanus 3 0.007- 0.154-0.168
0.031(0.021) (0.161)

N represents number of COIl sequence.

Conclusion

In this study we provided multiple character sets (morphology,
cytology and DNA barcodes) for species identification of
three Chironomiidae in Thailand. Integrating these
taxonomic tools enables straightforward species recognition
and will enhance further study of these insects. We also
identified cryptic diversity in C. striatipennis based on DNA
barcoding sequences that has not previously been
detected using traditional taxonomy. Therefore, the results
highlight the significance of integrating multilevel
taxonomic tools for fully understanding Chironomiidae

biodiversity.
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Figure 7 Neighbor joining trees for cytochrome c oxidase | (COI) sequences of the three species of Chironomidae.
Posterior probability for Bayesian analysis and bootstrap values for neighbor joining and maximum

parsimony are shown above the branch. Scale bar represents 0.1 substitutions per nucleotide position.
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Abstract

This action research examined the process of quality improvement and development of butcher shops to achieve the
food sanitation standard. The research was conducted in stakeholders, in Kerng Sub-district, Muang, Mahasarakham.
The data were mixed both quantitative and qualitative method which was divided into four phases and fourteen steps.
Results were found that the entrepreneurs’ knowledge and practices on food sanitation skill was at a good level, the
attitude was at moderate level. However, in regard to the sanitation laboratory test, all panels did not meet the
standard; contamination with Coliform Bacteria was found on food, food containers and on the hands of food handlers.
A new development plan was approached by the relevant local authorities and monitoring agencies within the local
community in order to improve the hygiene behavior of food handlers and their shops through the local people.
A Healthy Public Policy technique was the main focus of stakeholders and a legal authority was engaged to monitor

the skill improvement process. It was found that should be created a continuous and sustainable of the process.

Keywords : Development of butcher shop, Butcher shop, Development, Food sanitation
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1. At the front of the beef storage container is
removable glass doors.

2. Ventilation holes on the top of this container
will be covered with opaque or transparent plastic.

3. Electric light and beef hangers are fixed on
the ceiling.

4. The top of this container is covered with
white or transparent acrylic.

5. At the back are sliding wire screen doors
which can be taken off for cleaning.

6. The wire screens can be taken off for cleaning.

7. The floor will be made of thick aluminium
with fitted drainage hole.

Figure 2 The model of the local sanitary container
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Figure 3

The local sanitary containers were provided
and recommended to the shops in this study

area in 2013
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Abstract

This research was to develop and study the efficiency of the effective index, and compare the achievement of learning
and the satisfaction of students among pre-learning, in-learning and post-learning to the development of the books
support reading skill by using Sarapanya Rhyme in learning Science of Prathom Suksa 3. The sample groups used
in this research were 18 Prathom Suksa 3 students of academic year 2013 in Khomphonthong Boriboonrajbumroong

School, Kuchinarai District, Kalasin Province, under Kalasin Primary Educational office Zone 3 by using the cluster

a7, INeFIUTIIYMIIALA, Zm"?ﬂuﬁvZwunadu?yim{ﬁg‘fﬁvgd ﬁvu”rmun/caﬁuﬁn7Sﬁnmi/5:nyﬁnmmwﬁuzfm@) 3
waslnsawy 080-416-7321

Experienced level Qualification teacher, Khamphonthong Boriboonrajbumroong School Kuchinarai District, Kalasin Province under
the Kalasin Primary Educational Office Zone 3. E-mail:

Khamphonthong Boriboonrajbumroong School Kuchinarai District, Kalasin Province under the Kalasin Primary Educational Office Zone

3.E-mail: Maliwan_puk@hotmail.com
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Random Sampling. The tools used in this research were 8 books to support reading skill, the 30 numbers with 4
alternatives pre/post achievement test and the 10 satisfaction questionnaires to the development the books to support
reading skill by using Sarapanya Rhyme. The statistics used in analyzing data were percentage, mean, standard
deviation and t-test (Dependent Samples) The results of the research found that the efficiency of the books to support
reading skill by using Sarapanya Rhyme in learning Science of Prathom Suksa 3 was 86.47/88.15 which was higher
than the standard hypothesis of 80/80. The effective index was 0.7333. This shows that the learner achievement was
higher up to 73.33. The post learning achievement was significantly higher than pre-learning at the level of .05 and

the satisfaction, in general the mean (X) was 4.36 which was at the level of “high”.

Keywords: The books support reading skill, By using Sarapanya Rhyme in learning, Science of Prathom Suksa 3
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Table 2 The comparison the Pre and post of learning achievement of students by using Supported Reading Books
with Sorapanya Rhythm in learning of Prathom Suksa 3, Science Department.
Learning Achievement N X S.D. t Sig
Pre 18 16.66 2.25
-30.665 .000*
Post 18 26.44 1.25

* Significant in Statistics at the level of .05
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Abstract

Carnitine is a quaternary ammonium compound biosynthesized from the amino acids lysine and methionine in the
liver and kidney. L-Carnitine in the body is used for other functions. For example it is well established that in case of
Carnitine deficiency, L-carnitine loading adjusts long chain fatty acid metabolism and their entry into the mitochondria.
In addition L-carnitine has a potential effect on exercise capacity and activation of branched amino acid oxidation and
stimulation of pyruvate dehydrogenase complex. Athletes consume L-carnitine under the illusion that it would enhance

athletic performance and delay fatigue as a result of stimulation of fat oxidation and glycogen storage.

Keywords: L-Carnitine, exercise, immunity
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