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Farmers’ Technology Applications for Marian Plum Production

in Nakhon Nayok Province
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The objectives of this research were: 1) to study demographic context and economic context
of marian plum farmers in Nakhon Nayok province, 2) to study the farmers’ technology applications in
marian plum production, 3) to compare of farmers’ technology applications in marian plum production
classified by economic context and 4) to study problems and the farmers’ recommendations in Marian
Plum production. The samples consisted of 177 marian plum farmers. Data were collected by using
questionnaire. Research hypotheses were analyzed by analysis of variance (ANOVA). The research results
showed that most farmers were female (61.02%) with an average age of 61 years old, finished primary
school or none (43.50%). An average number of household members was 3-4 persons (62.15%). An
average area of marian plum farmland was 2.68 rai and most of the farmers have their own land (81.92%).
Household labors were 1-2 persons (78.54%) and no outsourcing (81.36%). An average of production
expenses in 2021 was 15,173.45 Baht. An average income from marian plum production in 2021 was 45,179.10
Baht. The farmers used technology applications in marian plum production, in overall, on a high level
(average 2.30). The hypothesis testing indicated that farmers who had different levels on production

expenses and incomes used the technology applications differently at a significance level of 0.05.

Keywords: plant production technology, marian plum
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Table 1 Frequency and percentage of demographic context of farmers

(n=177)
Personal factors Frequency Percent
Gender
Male 69 38.98
Female 108 61.02
Age (years old)
< 50 36 20.34
51 - 65 75 42.37
> 66 66 37.29
Mean = 60.58, S.D. = 11.181, Minimum = 30, Maximum = 80
Educational level
No formal education or primary school 77 43.50
Secondary school or high school 61 34.47
Bachelor’s degree or higher than Bachelor’s degree 39 22.03
Household member (persons)
1-2 48 27.12
3-4 110 62.15
>5 19 10.73

Mean = 3.19, S.D. = 1.132, Minimum = 1, Maximum = 6
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Table 2 Frequency and percentage of economic context

(n=177)
Economic factors Frequency Percent
Land holdings
Land owner 145 81.92
Rent 12 6.78
Land owner and rent 20 11.30
Planting area (rai)
<2 121 68.36
2.01 -5.00 39 22.03
> 501 17 9.61
Mean = 2.68, S.D. = 2.458, Minimum = 0.25, Maximum = 15
Household labor (persons)
No labor 1 0.56
1-2 139 78.54
>3 37 20.90
Hire labor (persons)
No labor 144 81.36
1-2 19 10.73
>3 14 7.91
Production expenses in 2021 (Baht)
< 5,000 54 30.51
5,001 - 10,000 46 25.99
10,001 - 15,000 19 10.73
15,001 - 20,000 20 11.30
> 20,001 38 21.47
Mean = 15,173.45, S.D. = 14,454.424, Minimum = 1,000, Maximum = 86,000
Income from selling products in 2021 (Baht)
< 20,000 68 38.42
20,001 - 40,000 49 27.68
40,001 - 60,000 21 11.87
60,001 - 80,000 14 7.91
> 80,001 25 14.12

Mean = 45,179.10, S.D. = 46,664.077, Minimum = 5,000, Maximum = 290,000
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Table 3 Farmers’ technology applications for marian plum production

(n=177)
Farmers’ technology applications X S.D. Level of technology
for marian plum production applications

Preparation varieties 2.74 0.435 High
Plant care 2.24 0.869 Moderate
Disease and insect prevention 2.23 0.874 Moderate
Productivity management 2.00 0.679 Moderate

Overall 2.30 0.714 High

*Never = 0.00-0.75, Low = 0.76-1.50, Moderate = 1.51-2.25, High = 2.26-3.00
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Table 4 Comparative of farmers’ technology applications for marian plum production classified

by economic context

(n=177)
Economic Preparation Plant care  Disease/Insect  Productivity Overall
factors varieties prevention management

F Sig. F Sig. F Sig. F Sig. F Sig.
Land holdings 0432 0650 6.166* 0.003 0877 0418 3.793* 0.024 2782 0.065
Planting area 1.164 0315 0.036 0964 1267 0.284 0.016 0984 0.352 0.704
Household labor 0.473  0.624 0.180 0.836 0.015 0.958 1.066 0.347 0.294 0.746
Hire labor 1.151 0319 3.492* 0.033 1226 0296 1454 0237 2880 0.059
The cost of 3.612% 0.007 2702* 0.032 2447 0.048 1532 0.195 2.742* 0.030

planting

Income from 2027 0093 6.714* 0.000 1.180 0321 1446 0221 3.857* 0.005

selling products

*Statistically significant at 0.05 level
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Information on research and development of technology is an important issue for planning, and
development of modern agriculture. Modern agriculture means the use of innovation, research, science
and technology in agriculture. This article aimed to analyze the development direction of fruit tree
technology to modern agriculture. Research data were gathered from the National Research Management
System (NRMS) and the Thailand Science Research and Innovation (TRSI) during the years 2008-2019.
The research data were consisting of research and development on durian (252 projects), mangosteen
(220 projects), longan (227 projects), banana (183 projects), mango (313 projects) and pomelo (149
projects). Primary data were collected from 6 farmer groups. Analytical techniques were the research
evaluation method, problem analysis, need assessment, adoption study and objective analysis. The
results showed that the research and development of all fruit trees were mainly conducted at the
upstream level. Labor shortage, climate variation and lack of effective water management were the
main problems. The current situation pointed out that most farmers had not practiced the modern
agriculture. Farmers mostly needed the technology to increase efficiency of work. Technology should
be convenient, time saving and low-cost equipment. For the development direction, policy makers

should strengthen farmer group network, promote young smart farmers, encourage farmers to be

11


mailto:suwanna.p@ku.th

MTATIVLALAWETUIVINTNEAT 40(3): 11-21

researchers in their own gardens and continuously support research and development in various fields

of pomology.

Keywords: modern agriculture, development, fruit trees, technology
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v
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be smart orchard farmers

for technology development to

Technology development approaches for

orchard farmers are synthesized.

Figure 1 Conceptual framework

Mlaseiteya 01den1sUsHUNANITIY
(Research evaluation method) N33 A5 U gy
(Problem analysis) n1sUsgiiiuanusssnsinalulad
(Need assessment) N1ssousutnalulad (Adoption
study) LAENISTLASIEN I W nUszas A (Objective
analysis) Wiltausuumsnsiaunliinagnisinuns
adiglul

NAN15ILLAZIATA!

nan1TIvensaAneldnanianudfgyuay
ffnemwnaaTegna loun MiSeu dena Sle ndevey
N9 wavdule Tuduaniun1saln1TIduaswmun

Uy AueeIn1s wuAliNnITEUSULAZLUINI

nstuindeumaluladgnisinunsadelva aguld
il

1) Mi3eu YoyanuATeniseu 252 f1819
WU @19193TY 3 SR UIn W (1) NuITeaiy
waluladnsuan warn1sudssuwasWamndn s we
fidaduwiniy Jeeay 13.10 1Wu malulagnisnde
i elildmFounanim meausdnsue uagnns
wUsgUnBou udu (2) swidedutanimdediaan
MaNEAs Sogay 12.70 WU NSRRI IMAIERNT M
U5l wazndndueiwdaaiaindeniieu
Wusiu (3) yATesnuiiug Soeas 1230 wu mswann
g nnavaneug na i I nand ndugg 3 eaneng
nsfadenaeiuiuides mwanaeiugy Sou

Ndumuselsauazusas Wudu (Figure 2)

14



Journal of Agri. Research & Extension 40(3): 11-21

dmiunsalfnwiaiuniseu wuindameiu
wssrdudgnid Ay Tnelanizusaaui 99 nue
Fumng wu mslesiayFeu Jyvnisldammnedinda
dngfimnniuly :nasnmsdanisindiivssansam
nwasnsdanudosnisimaluladlue i evaeiii
NARNA WU aneuslviandngs a3 staeneInsal

ANSLNT TELUIAVDILTABALLUAY LATLEIR AN UETLAL

durian research budget

1% v
v

wuusalusd@ wail nrseousumaluladinaiiy
wialulagagRedianumiizauivan niaslanseas
YOI waEAUUABIINaLd T UINYRINITEL oY
wwImansidgmsinuasadelu vdtsnunasy
LONYU KATNIATYINTT AITANATUAIINT WAsViNwe

WU ULES LA 19LAS BN EAINT IALDULT S

[%] number of research

35 33 33 32 31 100

Y 30 27 =
L 80 8
o) ®
5 25 c
= o
< 20 17 17 60 S
= S
© =
g b 9 8 40z
g ° ‘ ‘ ‘ ‘ N F

s X B B
=z 0 0 S
©
S e <& X X & N e & 12 S & 0]
6’0% f—f)\k\ \r\q’%& 3 @ @é\ @‘;\\Q %\O < X o ¥ ‘\@(\c ooQj %\Q} 0
S & IS e @ & X © Nu & & 5° g
«qf-' € \&\i\ & 7}(\7’ B é\’b &> & S _
N & O ] N @ O @ I}
(;&\O & 05,\(' & Q;z)(\ @Q} 12 A 'z>°°° 2

S . X

& ¢ v TS ~ oS =

Figure 2 Field of research and durian research budget in period 2008-2019
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Figure 3 Field of research and mangosteen research budget in period 2008-2019
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Effect of Irrigation Disruption at Different Reproductive Growth Stages

and Seed Storage Times on Peanut Seed Quality
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Water requirement of peanut is most crucial during reproductive stage in order to support
growth and seed development. At the same time, peanut seed are high in lipid, which affects their
storage duration. Therefore, the aim of this study was to evaluate peanut seed quality in which the
mother plants were subjected to irrigation disruption during different reproductive stages and various
storage periods. This experiment was carried out in December, 2020 at Khon Kaen Field Crops Research
Center, Mueang district, Khon Kaen province. The two peanut cultivars, Khon Kaen 9 and Tainan 9 were
used in the process of irrigation disruption at difference reproductive growth stages: well-watering (1),
irigation disruption at flowering to peg stage (I,), irrigation disruption at peg stage to pod development
stage (I5), irrigation disruption at pod development stage to seed development stage (I4) and irrigation
disruption at seed development stage to maturation stage (I5). After that, storing peanut pod at 0, 2,
and 4 months for seed quality test after storage. The results showed that the irrigation disruption at
seed development stage to maturation stage elevated the electrical conductivity to 26.81 uS/cm/s.
Moreover, seed quality of Tainan 9 was higher than that of Khon Kaen 9. Also, these two peanut cultivars
could keep at ambient condition for 4 months, which higher than other storage times, without any effect

on seed quality.

Keywords: germination percentage, mean germination time, germination index, electrical conductivity
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Table 1  Peanut seed qualities affected by irrigation disruption at reproductive stages during various

storage duration times

Factor 100 seed Germination Mean germination Germination Electrical
weight time; MGT index; Gl conductivity; EC
(9) (%) (day) (uS/cm/g)
Irrigation (1)
I, 57.89 90.50 7.36 a% 3.81 21.49 b
I, 57.11 90.50 7.02 bc 4.10 21.09 b
l5 56.73 88.33 7.08b 3.89 22.25b
lg 56.59 90.67 6.79 c 4.06 20.61 b
ls 56.10 88.50 6.84 c 3.96 26.81 a
F-test ns ns ** ns **

Cultivar (C)

Khon Kaen 9 62.31 a 87.60 b 7.14 3 383 b 2151 b
Tainan 9 5146 b 91.80 a 6.90 b 4.10 a 23.38 a
F_test *% *% *% *% *%

Storage duration (S) (month)

0 57.15b 7190 b 10.79 a 1.73 ¢ 21.76 b
2 58.69 a 98.70 a 597 b 423 b 20.77 b
4 54.81 c 98.50 a 4.29 c 594 a 2481 a
F-test %% *% %% *% *%
Ix C *% *% *% * *
IxS ns ns ** ns ns
CxS ns o ns ns ns
IxCxS ns o * ns ns
C.V.(%) 5.21 9.24 5.79 10.38 12.68

4, = well-watering, |, = Irrigation disruption at flowering to peg stage, |5 = Irrigation disruption at peg stage to pod development

stage, |4 = lIrrigation disruption at pod development stage to seed development stage, and |5 = Irrigation disruption at seed

development stage to maturation stage, #Mean in the same column followed by different lowercase was significantly different

at the 5% level of probability by DMRT. *=Significant at p<0.05, **=Significant at p<0.01, ns=not significant
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Table 2 Correlation coefficients among seed qualities of peanut under irrigation disruption at

reproductive stages

Trait 100 seed Germination Mean germination Germination Electrical
weight time; MGT index; Gl conductivity;
() (%) (day) EC (uS/cm/g)
100 seed weight (g) 1
Germination (%) -0.169ns" 1
Mean germination 0.139ns -0.799** 1

time; MGT (day)

Germination index; -0.194* 0.798** -0.972%* 1
Gl
Electrical conductivity; -0.457** 0.154ns -0.246** 0.283** 1

EC (uS/cm/g)

xCorrelation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed), ns=not significant
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Management on Yield and Water use Efficiency of Pathum Thani 1 Rice Grown
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Fertilizer and water management practices in accordance with plant requirements lead to
improved productivity and water use efficiency (WUE) of the rice production system. An objective of
the present study was to compare paddy yield and yield components as well as WUE of Pathum Thani
1 rice grown on Samut Prakan soil series. A group comparison t-test with 15 replications was used. Two
treatments associated with water management practices were as follows; 1) alternate wetting and drying
(AWD) and 2) continuous flooding (CF). Fertilizers were applied to both treatments according to the
recommendation made by the All-ricel application. Data associated with yields and yield components
were recorded on day 120 after the transplant. Results showed that yields and yield components of
the AWD and CF rice did not differ significantly (P>0.05). However, the AWD could save water usage by
20.44% and increase water use efficiency by 21.21% when compared to the CF rice. Thus, a combination
of AWD and soil-customized fertilizer management practices is one of the promising practices to improve

rice growing productivity and water use efficiency.

Keywords: rice, water management, All-ricel application, Samut Prakarn soil series
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lddenaonndoiuaudainisvestn lneailads

USinausmemsiiidlegludu (Isuwan et al., 2018)

Table 1 Selected chemical properties of experimental soil (Samut Prakarn soil series)

Soil properties Methods Results Interpretation
pH (soil:water 1:1) McLean (1982) 6.67 Neutral
E.C. (soil:water 1:5) (dS/m) Jackson (1958) 1.49 Medium
O.M. (%) Walkley (1947), FAO (1974) 1.26 Low
Total N (%) Bremner and Mulvaney (1982) 0.06 Very low
Avail. P (mg/kg) Bray and Kurtz (1945) 112.26 Very high
Exch. K (mg/kg) Peech et al. (1947) 173.32 Very high
Exch. Ca (mg/kg) Peech et al. (1947) 5,560.00 Very high
Exch. Mg (mg/kg) Peech et al. (1947) 1,841.00 Very high
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Fansiuuu AWD Bn3) / Usinaniiedeildlunns
U@ﬁ%ﬂﬁiﬁ%’ﬂﬂwﬁmmiﬁwLLUU%&Lﬁmmmwmﬂi
(@n3)] x 100

37



MIATIVUAL AW LIVINSNEHS 40(3): 34-42

fuanUszdns nmnisldin (Water use
efficiency, WUE) #afi WUE = U%mmﬁlﬁ’ﬂumsﬂqﬂ
1 (Bn3) / YTnadawdenuinsg (nn) Tagd
Frdenimigiu vanefls dadenilifdadevy
wasUSumuAud 14 Weddud

Ansendeyanvaifuaziuieufisuaiy
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2 na ¥ (Group comparison t-test) laglglusunsu
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NAN15ILLAZ AT
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FusonandnuazUsydns nmnislduive st

Unusnil 1 fugnluyafuaynssinis wuin ng
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(Table 2)

Harakotr and Thong-oon (2016) g n %17
Isdiuasslunlamaanininivmaluladnisinuas
AMEINYIAEns waginalulad un1Tnenae
555UAERS FaninuNus Tl waznuintalsdiuess
Alggumslsduuy AWD s wausiwiens Wesdud
WEAR 1in 1,000 W waznandaliunnang
fumsliinuuy CF lusiusaieay Karim et al
(2018) 51891437 nsliwuy CF was AWD Taifina
AT UL AR LATTILIUNEnEUIDIT 17 fatiy
na1lddnnsiiduuy AWD St geneniuay
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Table 2 Effects of water management practices on yield and yield components of Pathum Thani 1

rice grown on Samut Prakarn soil series (mean+standard deviation)

Treatment Number of Number of Filled grain  Weight of 100 Yield
panicles per seeds per seeds good seeds
clump panicle (%) (g) (kg/rai)
AWD 24.23+5.32 95.70+6.23 85.24+3.80 2.05+0.08 574.12+76.15
CF 21.63+5.96 93.56+6.61 84.63+4.47 2.07+0.08 568.54+75.55
P-value 0.2334"° 0.2354"° 0.7024"° 0.5252" 0.8352"

ns = not significant

Usunaunsldiuazuszansnmnisiden
F1a7ilasunnssanisiuy AWD fl3ina
mslindesndn (P<0.01) usifiusyansainnsldii
A1 (P<0.01) $1a7ildSuthuuy CF evroannisld
vuasifiudszansamlunstddionisuandale
20.44 wag 21.21 Wesiud suadu (Table 3)

ASTANISUILUY AWD 1T wif319zdaes
Irauuialuszaund surfudinsdnnud uluseau
Sufde1n (Bumrungbood et al., 2020) nanaie
Audaiviunuiieglussduil Avanunsoluld
Usglawila (Available water content) 41An31 50
WosdudmasUSinanhiiduannsagadaliszvings
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WARUY (Field capacity) hagWnnans (Permanent
wilting point) ‘1/1'%'@L%“aﬂdwmmqsuaﬂ}ﬂuﬁuﬁﬂu
Uszlovusons (Available water capacity) @9l
danansznusoaufeen1sunve i dImiunIs
wigyAulanaznsliNandnUD 7

Chumjom et al. (2017); Lampayan et al.
(2015); Sibayan et al. (2018) wag Tran et al. (2018)
51897031 MslFiuuy AWD awnsaannisidunle
14.8-47.5 Wasud Tuvueuieadiy Carrjo et al.

(2017) way Chidthaisong et al. (2018) WU
weluladnsdanisuiuuy AWD tu uenainaylaivia
TnandndnanatudidaieUszudansidile 24.0
Wedus wazifi uuszansamnnsldnnlg 24.2
Woestdus Wwulfieanu Chaengpui et al. (2016)
51891u31 M5eAnNTsUluLUaIuILUY AWD dmsy
drstugfivaglan 2 ansnannisliiestasld
14.93-27.20 wWasiiud laglsinsenuseonislinanan
M

Table 3 Effects of water management practices on water use and water use efficiency

of Pathum Thani 1 rice grown on Samut Prakarn soil series (meanzstandard deviation)

Treatment water usage Relative water Water efficiency Relative water
saving efficiency
(L/pot) (L/kg) (%)

AWD 8.72+2.89 -20.44 99.48+12.14 -21.21

CF 10.96+3.45 126.18+11.58 -
P-value <0.0001™" <0.0001™" -

*** = very highly significant (P<0.001)
#3Unan339Y AnAnssuUsENA

P19 1usUnusd 17 vgnlugafu
aynsusNsuaglasunisdnnisyeiniiniuduugi
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AWD FaeUszudaule 20.44 1S idud uasd
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LPNE15D19D9

Bhuiyan, S.I. 1992. Water management in relation
to crop production: case study on rice.
Outlook Agric. 21(4): 293-299.

Bray, RH. and L.T. Kurtz. 1945. Determination of
total organic and available forms of

Phosphorus in soil. Soil Sci. 59(1): 39-45.

39



MIATIVUAL AW LIVINSNEHS 40(3): 34-42

Bremner, J.M. and C.S. Mulvaney. 1982. Nitrogen
Total. pp. 595-624. In Page, AL. (ed.).
Methods of Soil Analysis: Agron. No.9,
Part 2: Chemical and Microbiological
Properties. 2" Wisconsin: American
Society of Agronomy.

Bumrungbood, J., P. Hanpattanakit, A. Chidthaisong,
S. Saeng-Ngam and S. Vanitchung. 2020.
Efficiency of water management by
alternative wetting and drying on rice
growth and production. Srinakharinwirot
University (Journal of Science and
Technology) 12(24): 10-22. [in Thai]

Carrijo, D.R., M.E. Lundy and B.A. Linquist. 2017.
Rice yields and water use under
alternate wetting and drying irrigation:

a meta-analysis. Field Crops Res.
203: 173-180.

Chaengpui, K., W. Srisa-ad, M. Sucharit, P. Srima
and S. Kaewlumyai. 2016. Alternate
Wetting and Drying Irrigation for
Different Growth Stages of Phitsanulok
2 Variety in Dry Season. 11 p.

In Research Report. Bangkok: National
Research Council of Thailand (NRCT),
Thailand. [in Thai]

Chidthaisong, A., N. Cha-una, B. Rossopab,

C. Buddaboon, C. Kunuthal, P. Sriphirom,
S. Towprayoon, T. Tokida, A.-T. Padre and
K. Minamikawa. 2018. Evaluating the
effects of alternate wetting and drying
(AWD) on methane and nitrous oxide
emissions from a paddy field in
Thailand. J. Soil Sci. Plant Nutr.

64(1): 31-38.

Chumjom, S., U. Kerdsom, R. Phantharak,
S. Patanapichai, M. Sucharit and
N. Wongsupaluk. 2017. Testing and
transferring of technology for
economical water management in rice
fields by using wet and dry farming
methods with the participation of
farmers (1st year). /In Research Report.
Bangkok: Engineering Research and
Development Division, Royal Irrigation
Department, Ministry of Agriculture and
Cooperatives. [in Thail

FAO. 1974. The Euphrates Pilot Irrigation
Project: Methods of Soil Analysis,
Gadeb Soil Laboratory (A Laboratory
manual). Rome: Food and Agriculture
Organization. 120 p.

FAOSTAT. 2021. Faostat. [Online]. Available
http://www.fao.org (June 10, 2021).

Harakotr, B. and A. Thong-oon. 2016. Effects of
water management and plant spacing on
the growth and yield of purple riceberry
rice with the system of rice intensification
(SRI). TSTJ. 24(6): 986-997. [in Thail

Horneck, D.A., D.M. Sullivan, J.S. Owen and
J.M. Hart. 2011. Soil Test Interpretation
Guide. Corvallis: Oregon State University.
12 p.

Isuwan, A. 2014. Site-specific fertilizer
management on growth, yield and
agronomic nitrogen use efficiency of rice
grown in Sapphaya soil series. JOA.
30(2): 133-140. [in Thail

40


http://www.fao.org/

Journal of Agri. Research & Extension 40(3): 34-42

. 2015. Effects of site-specific fertilization
on yields and chemical properties of rice
(Pathum Thani) grown in Sapphaya soil
series. Khon Kaen Agr. J. 43(3): 423-
430. [in Thail

. 2020. Precision soil and fertilizer
management for rice production using
All-ricel application. P-18-52860.

86 p. In Research Report. Phetchaburi:
Silpakorn University. [in Thai]

Isuwan, A., J. Chobtang and W. Sirirotjanaput.

2018. Economic and Environmental
Sustainability of Rice Farming Systems

in Thailand. pp. 300-303. /n The 11t
International Conference on Life
Cycle Assessment of Food (LCA FOOD
2018) in Conjunction with the 6™ LCA
AgriFood Asia, 17-19 October 2018.
Bangkok: KU-JGSEE-NSTDA-FTI.

Jackson, M.L. 1958. Soluble Salt Analysis for

Soils and Water: Soil Chemical Analysis.

Englewaed Cliffs: Prentice Hall, Inc. 251 p.

Karim, M.R., M.\M. Alam, J.K. Ladha, M.S. Islam

and M.R. Islam. 2014. Effect of different
irrigation and tillage methods on yield
and resource use efficiency of boro rice
(Oryza sativa). Bangladesh J. Agric.
Res. 39(1): 151-163.

Kassam, A. and H. Brammer. 2016.

Environmental implications of three
modern agricultural practices:
conservation agriculture, the system
of rice intensification and precision
agriculture. Int. J. Environ. Sci.

Technol. 73(5): 702-718.

Keawaram, T. and A. Isuwan. 2018. Effects of

fertilization regimes on yield and
nutrient use efficiency of PathumThani 1
rice grown in Samut Prakan soil series.
pp. 274-279. In Proceedings of the 3rd
National Conference. Ubonratchathani:

Ratchathani University. [in Thail

Lampayan, R.M., R.M. Rejesus, G.R. Singleton

and B.AM. Bouman. 2015. Adoption
and economics of alternate wetting and
drying water management for irrigated
lowland rice. Field Crops Res.

170: 95-108.

Land Development Department, Ministry of

Agriculture and Cooperatives. 2018.
Soil set data for each province.
[Online]. Available http://0ss101.ldd.go.th/
web _thaisoils/ June 2, 2022). [in Thai]

MclLean, E.O. 1982. Soil pH and Lime

Requirement. pp. 199-224. In Page, AL,
R.H. Miller and D.R. Keeney (eds.).
Methods of Soil Analysis, Part 2,
Chemical and Microbiological
Properties, Agronomy Monograph
Number 9. Madison: Soil Science

Society of America.

Peech, M., L.T. Alexander, L.A. Dean and

J.F. Reed. 1947. Method of Soil
Analysis for Soil Fertility Investigation.
Washington: Government Printing Office,

Department of Agriculture. 25 p.

41


http://oss101.ldd.go.th/

MIATIVUAL AW LIVINSNEHS 40(3): 34-42

Price, A.H., G.J. Norton, D.E. Salt, O. Ebenhoeh,
AA. Meharg, C. Meharg, M.R. Islam,

Sibayan, E., K. Pascual, F. Grospe, M.E. Casil,
T. Tokida, A. Padre and K. Minamikawa.
R.N. Sarma, T. Dasgupta, A.M. Ismail,

K.L. McNally, H. Zhang, I.C. Dodd and
W. Davies. 2013. Alternate wetting and

2018. Effects of alternate wetting and
drying technique on greenhouse gas
emissions from irrigated rice paddy in
drying irrigation for rice in Bangladesh: is Central Luzon Philippines. J. Soil Sci.
Plant Nutr. 64(1): 39-46.

something to offer? Food Energy Secur. Tran, D.H., T.N. Hoang, T. Tokida, A. Tirol-Padre

29(2): 120-129.

it sustainable and has plant breeding

and K. Minamikawa. 2018. Impacts of
Rice Department, Ministry of Agriculture and alternate wetting and drying on
Cooperatives. 2007. Rice varieties.

[Online]. Available http://www.brrd.in.th/

greenhouse gas emission from paddy
field in central Vietnam. J. Soil Sci.
Plant Nutr. 64(1): 14-22.

id=61.htm (December 13, 2022). [in Thail Udomsopagit, S. 2021. Direction of

rkb/varieties/index.phpfile=content.php&

Royal Irrigation Department, Ministry of Development of the Agricultural

Agriculture and Cooperatives. 2016.
Alternative Wetting and Drying
Handbook. Bangkok: Office of Water
Management and Hydrology, Royal
Irrigation Department, Ministry of
Agriculture and Cooperatives. 18 p.
[in Thail

Ruensuk, N. and K. Poathong. 2015. Increasing of

farmers’ rice production efficiency by
alternative wetting and drying water
management model. Thai Rice Res. J.

6(1): 31-41. [in Thai]

Sector for Food Security. Bangkok:
APEC Technology Foresight, National
Science Technology and Innovation

Policy Office. 5 p. [in Thai]

Walkley, A. 1947. A critical examination of a

rapid method for determining of organic
carbon in soil: effect of variation in
digestion conditions and of inorganic soil

constituents. Soil Sci. 63(2): 251-263.

42



Journal of Agri. Research & Extension 40(3): 43-54

o 74

nsAnmmsUueulavzvtinuazyeqauvidlufudnmeugnluiuiishin
The Study of Heavy Metal and Microbial Contaminations
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Heavy metal and microbial contaminations in herbal raw materials are the main problems of herbal
production due to contamination and pollution in agricultural areas, hence the high concentration of
chemical residues. This study focused on developing a space saving model for planting herbs with reduction
of contaminations and with the ability to control the levels of heavy metal and microbial contaminations
using Piper retrofractum Vahl. as a model plant. This study developed a pattern for planting Piper
retrofractum Vahl. in rectangular-shaped cement pots with a size of 30x100x30 cm. (width x length x height)
in one pot per five plants with a mixture soil free from heavy metal contaminants. The component of the
soil mixture contained soil, black chaff, and coconut flakes in a ratio of 1: 1: 1, and organic fertilizer contained
dry leaves, manure, and effective microorganisms in a ratio of 10: 1: 1, and the watering period has been set.
After 6 months of cultivating the dill, it was found that on average, 300 grams of orange Piper retrofractum
Vahl. can be harvested per pot. The study found that the heavy metal and microbial contaminations found
in Piper retrofractum Vahl. did not exceed the specified standards. Furthermore, it was found that the active
components using the fingerprint-thin layer chromatography method were just as efficient as those of the

standard herb.

Keywords: Piper retrofractum Vahl., contamination, heavy metal, microorganisms
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Figure 1 Plant nursery
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Figure 2 Piper retrofractum Vahl. planting
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Figure 3 Fruit of Piper retrofractum Vahl.
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Table 1 The heavy metal concentration in Piper retrofractum Vahl. and soil-based growing media

Heavy metals

Heavy metal concentration (mg/kg)

Standard value

P. retrofractum

Standard value Soil-based

Vahl. growing media
Arsenic (As) <4 Not detected <39 3.1+0.5
Cadmium (Cd) <03 Not detected < 37 Not detected
Lead (Pb) <10 < 0.050 < 400 15.9+0.7
Mercury (Hg) <0.5 <0.018 <23 Not detected

All data are expressed of three independent experiments.

nsmsvdeunsUuiloudeqduvislufiua
dmsunmsmsnaeunisUuilouteqaunislu
nad Ua lun1sdnwnd avsinisasrannd e 1)
Clostridium spp. 2) Escherichia coli 3) Salmonella
spp. kay 4) Staphylococcus spp. LLazL%’eliﬁ IWEJL‘?QJJEJ
waniifudenelsafiiedesiumaiuenmns Taun
Tspvioade omsiduie Wudu Fanrsasians

Yulowdogdun3ddazdulumuinueininsgiu

nsumd ewd e9dunid Ao Wunmanude 1)
Clostridium spp. 2) E. coli 3) Salmonella spp. W&
4) Staphylococcus spp. LLaxLﬁ'ﬁyaswmmmmwwulﬁ
TalLAiu 5.0x10° CFU/g (Food and Drug Administration,
2004) nan1sasavdeun1sUul sunudn nadva
fumzgnlumadedbinunsuudouneuteqgdunis
VNvila (Table 2)

Table 2 The microbial contamination in Piper retrofractum Vahl.

Microorganisms

Microbial concentration (CFU/g)

Standard value

Microbial contamination

Clostridium spp. Not found Not found
E. coli Not found Not found
Salmonella spp. Not found Not found
Staphylococcus spp. Not found Not found
Fungi <5.0x10° Not found

All data were expressed of three independent experiments.
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N13MTITHDUAMAINLAZIBNENBAINILANVDIAUE
uonmileannisnsrsaeunisuienly
ayulnsuds n15nsIvasuLendnual 1A el
ayulnsdadunsruaunenisidemddaaeadu
nsmsadeuAmnNen Inensinuilldedematie
Tasunlnnsailuuuduuns (Thin Layer Chromatography:
TLC) wieldusuanamnnnisqnien vionsiaaey
ansdfnuesiud dadunisseudisuivandu
wiuguaglduseensnulsavedingrdunisunngd
Lﬂ‘%’aULﬁﬂUﬁUﬁUﬁﬁwaﬂgﬂ‘l,umsﬁﬂmﬁ HAN1SANYY
WU NEI9INATIAULBNENBAN1LATURIAUR
melduaasssund ldwunovdvesans Tuvngiinig
n3v@suLandnwainIadveInUanlduas uv
AMNENIAAY 250 UTULLIAT ATITNULAUYDIAT
F1uau 8 s Tusta 2 fehs TneAuadldlsaen
(Standard) fiA1 R v¥i11iu 0.09, 0.38, 0.43, 0.50,
0.60,0.71,0.79 uaz 0.88 ANAIAY dIufUaT

Lane: 1 2

wngUgnies den Re ity 0.09, 0.38, 0.43, 0.48,
0.59,0.70,0.79 kag 0.88 ANUAIAU 1NNIT
ATI9daULONa Nwal AT veIAUA N8 Tiuas UV
ANENIARY 366 UTULUAS ASIANULAUVBIATT
$1uan 7 s Tusia 2 fegs TneAuadlddsaen
(Standard) &A1 Re Lvinfiu 0.38, 0.43,0.50, 0.71,
0.88, 0.94 wag 0.98 MUAIRU mmzﬁﬁﬂﬁﬁmwﬂqﬂ
109 U1 Re Wiy 0.38, 0.43, 0.50, 0.73, 0.88, 0.93
wag 0.98 muaau (Figure 4 ag Table 3) 91nNa
mMsvaaeussnanandfifiuin fUaaTinsinzUgn
TunszansdmsunsanuluadeiluasAvaiinende
AUz SWIMENIBEen umInende
A WeaTe Iuesnwlsalvungdae daunin

wazgNENNeImiouny Feau1saufuaniinig

wnzdgnlunszansunldlunisussgndnuilsalyun
AUaela

Figure 4 The TLC chromatogram of Piper retrofractum Vahl. (A) observed under normal lighting,

(B) observed under UV light at 254 nm and (C) observed under UV light at 366 nm

Lane 1: Piper retrofractum Vahl. (Standard)

Lane 2: Piper retrofractum Vahl. (Planting in container)

Adsorbent: Silica gel; Solvent system: Dichloromethane : Methanol = 9:1 (V)
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Table 3 The Rfvalue in TLC chromatogram of Piper retrofractum Vahl.

Detection TLC fraction

Rf value

Piper retrofractum Vahl.

Piper retrofractum Vahl.

(Standard) (Planting in container)
Normal lighting - -
uvas4 1 0.09 0.09
2 0.38 0.38
3 0.43 0.43
4 0.50 0.48
5 0.60 0.59
6 0.71 0.70
7 0.79 0.79
8 0.88 0.88
UV366 1 0.38 0.38
2 0.43 0.43
3 0.50 0.50
4 0.71 0.73
5 0.88 0.88
6 0.94 0.93
7 0.98 0.98

The Rr value difference of less than 0.05 (<0.05) was considered to be the same substance

32150iNaN1573Y

mMawzdgnavaiuduFesins udnisiiay
wnzdgnAvaiftelvlinunw dasswaumesuas
s siinnnearnwilsalddududosiionun
fesandedanudidyiutadolunane q agna
oA anesiugAvafiazihunmnggn anmuandoud
wanzauan ey th 81n1e Nagua szezIa
nslie wagdnsiiuiAeafimunzay Yszneudu
syautvesiUAluiinfiiidoindesiifindainis

sudauazdsneguinnmiau iauainsgadu

arsanAludulalasaniglanenin wasazaes
Tudusng 9 Tnennzdiunavesiuadiiunmsunulng
sziulgadusnsawilse damndnisazauves
Tavgmindurumnuiaiiuninnasgiuidnine
ABENTINNTEINIUAYEN (98.) Fmua Nenaneliilin
dunseunyUagle wu nsavauveInzilusienie
FavznelWifndunsienesienie 1w lafinai
Wadeauwnsunn lagnitate uwazdnaseszuy
Uszamvilianewdou (udu (Tangpong et al.,
2013) n1sazanvesarsnylusesnieazneoliiia
dunesiosNIenIevnatueiuiznelu 1wy vaee
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Functional Ingredients on Creating Value Added in Sea Grape, Caulerpa lentillifera
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Caulerpa lentillifera is a green seaweed that is found mainly in southern Thailand and is
consumed fresh as a healthy food. However, it was found that the residues from trimming or grading
accounted for 70-80% of the amount. Therefore, the objective of this study was to increase the value
of the seaweed as a functional ingredient. Extracts of C. lentillifera were obtained using solvents such
as water, ethanol, ethyl acetate, and hexane. The composition of active substances and pharmacological
activities were tested. The results showed that water was the most suitable solvent due to the high
yield and high active compounds while showing the lowest extraction cost and safe for consumers. The
aqueous extract of the alga contained polysaccharides and phenolic compounds which were the main
important substances. In addition, many amino acids have been found to be beneficial in stimulating
the production of collagen in human skin. The potential benefit was possible to be developed as an
extract in cosmetic product for anti-aging. For the antibacterial activity that causes skin disease, it was
found that the aqueous extract of the alga was less active than the extracts with other organic solvents.
In addition, the aqueous extract also exhibited the effect of stimulating the secretion of insulin and
increased glucose uptake in isolated rat diaphragm. The efficacy of hypoglycemic and lipid-lowering

effects should be tested for diabetes in both animals and humans in further study.

Keyword: Caulerpa lentillifera, functional ingredient, phenolic compound, polysaccharide

glucose uptake

55



MIATIVAL AW LIVINSNEHT 40(3): 55-64

UNANEa

ameneguiuamitensiadidefing
wntunalduazduslaadeniunfuussmuandu
DINTHUNIN WANUINHLAUNTDIINNITAALGIINTD
pninsndeAniduusinuunisdesay 70-80 fady
Tumsfnwadedlisdinguarasdiilefiugaranse
wisegunninsaiuasuszneuldaning Tagi
awdsnatadiefvinazatein leniuea leniia
PETLAN UAZIENLTY YIIN1TILATILY0IAUTENOUVRY
ANSAR LAY IAAEUVSTININ HANTSNARBINUTY
‘fsgwLﬁuﬁ’aﬁﬂazmaﬁmmgamﬁqm leanliuinm
HandnuavarsdAgluliuiugs daldaneluns
afasfign wasdanuvasadeduguilaa Tnowuin
ansatadietvesaviienisesuiatsnauned
wdnalse wazarsnquiluedniduarsdrdgyudn
uanniidamunsnesilunarevindiduuselovd
Tun1snsgiunisasineaanaulinuiinie 39
dnanmlunisiluwaunduarsadalundadue
13 eadenafieansasesldogn Ay nanis
nadeUgMsAuTeuuaiiSenelsaiaviainud @13

anangudgnsdasninasannnigfivinazany

a 6

i = v v ) £
dunigdug usnanllasadneeundsdgnslunis

)]

N3¥AUNNTNEIEDSlUUBUYAY LavYILiiun1TnATs

nalaawtngdwad A tun1snaaaun1sninglaaidig
n&uiilensetiauvesyr1n Fsmsariinvaaey
UsgAnsnmluniseengnianiiaauarluiuiile
aruaulsauIvust sludninaassuaslunyud

Auasuse by

AdnARy:  @msientedu a1susEnauldani
ansfluedn wedudnailse

grsHiNn1sReTunglaa e

AN

ams1edderana Caulerpa fnulduin
Tunalavesusewmalnglawn Caulerpa lentilliferra,
C. racemosa Wag C. macrophysa Tuld w./. 2556
nsuUsznal nsdwad unisid ssanT emzia
Wanaled lnedaimsienisequnsaniuasiies
(C. lentilliferra) Hulasannsthsesnsinsia ssdngng
neiaifioduamsaunin daatuamseniniinng
nszemBmeilmzianeriiuvawaandn Ao nsy3
need nufin waewas Fefinnavsluvefuagag
wnsvane Preasiednuassnele tinaldnisugn
Asuas uaziludivensuvesfuilaaiiessani

£ L3

sUdnualifiatsy uazduomsifieduaim 21nn1s

[

(% 4

dunwal femnemsguiidouasiannuszaameil
FJandonysus lalidayanisndnainsienieeduy
Aaunasuldinunsnsinizid salugaed woe.
2560-2564 WU finanEnIINMsIALIsEULUeRY 1
fusals AMawanlidtesnin 25 Aureifay way 350-
500 fusied FeflUSunaniisanadniunisvenena
nswdsgdluseduanamnssula
Tuansnisseunuedasaladn 19 tnensns
fnzidssszautygmiunandnamitedunatn
LLab"UW@ﬂﬂiLLUiEULﬁIMHaﬁW Lﬁ'aqmﬂﬁﬁimﬁau
Sutsemuan Snisavseaniiongnsaiiuinudy
Asuslaalivunnielu 3-7 Tu wazdelssaunu
Jymssuunisvudimeaianis sawausanuly
n1sAaka st oaIns el sus1eatgunIuaIy
foamsvesiuilna dedunandniisminglddeiidies
¥ouaz 20-30 Wiy IAnAwdensonanasyliain
nssiauee ldiute SUsinagededesay 70-80 ved
NaRA I avue mnsimungldiuaznanedures

widefsuazmandudgmvsunynsnslunismda

56



Journal of Agri. Research & Extension 40(3): 55-64

= v =

VAYLNADAINAIIDNAIY AIUUNUITETITWUINIG

&

Tunsudssuiiingarnavitwanailifuansuszney
3 amd17 (Functional ingredient) vt o1 lUl# 1Sy
drunadlundndugiomisgunmuaziydianssiall
awseneiu (Caulerpa lentillifera ) \Ju
amsefi dauamalavuinisgs Yszneulusie
w350 ninle Imndue Indud uagnsnluiuiilidush
Fadou suanunsnozdludndudnnarsyia
(Matanjun et al., 2010) uaﬂmﬂﬁya‘“ﬂwumju
asUsznouiluedniiiqns dueyyadasy Tnedl
Auatnnsalunisvineuyadasyvia DPPH lu
amﬁwmqaiu (Yangthong and Towatanam, 2014)
wuansddnynauTndflueaifignilunistedostu
AMZUIUBAME (Matanjun et al., 2010; Nguyen
et al., 2011) lAUaNIaNALENIUOAVBIANI NN IDIU
annsagisifinnsvdseesluudugdu uavdieiy
n1sgadunglaadisadléddtu uardadlseaunis

[ '

Wenuin amsewieiulansdrynguneduinailse
fflgnslunisnszdunisadregiduiuvessnenie
(Maeda et al, 2012a) 3 9 Angarnlunisviun
Sutsgmuduomaaiuluguaeddngd dusus
uenniigauhasnguledlnueanilsfanamie
weduiignifueaduziafualddngs (Maeda
et al, 2012b)

213 Fanmvesamsreniegud1adiu

v v
v A

Tunsfnwiassdinhamitenequiinninsanie
wwdenmsdauisnadaduasuseneudmini
(Functional ingredient) waailudiasigiansdnAgy
wazqustanTiion1svenesaifgaamMnTTy KRN
"“;ﬁ"fsfluﬂ%ﬂﬁ%Lﬂuﬂsﬂwﬂf}iamsLﬁmgaﬁnawwiwa
wieguiiinsmzidsafiuund ulunanedmia
mamealsvesUszmelng Tnadasaialuidudunay
dfnlundndueiiasuens wazias esd1e13ii s
yar1gs 4 9usnanazyresessuliutunandn

413 18AANNINAUAIINADINTVOIH UTLNALAT

fagreiiugaramsienianinsafinesisluusiassou

YoININANLABNGIY
4 ad
aUNTUUAZITNT

NSLATLUETANAFINIIINIBIU

Y1a1MS 19N 0Y UAAANLNTAT LAULI9IN
lasaNIsnisunziafieege wazaudITelagiRIu
Ussusmetlanmsy suaueuinids Stnetuuvan
Fartamasyd wdadiesiivsstivats 9 ada u
avenn ntuthuyuisdeniseuaudeudas
gauvqfivatedulil 092819985 1n150 181893
Avdusenanamtean saensldgaugiiil 70w,
Tugasiimsouuis 1§20 wazangamgfivde 60°.
susleauuisiinuduliiiiudesay 10 Feanmsn
Snwraudanienignn il LazanAmnIlaYuIng
WndiAssdunandnan anduatnainiiedis
fvhazaneiunndnstu Ao Un lenuea leiinesien
waztng TusnI1duaImIensia 50 n$U Wuwy
lusviagansusazalausung 500 Jaddns ¥ins
atnlaefislfidunan 2 Yu waviniswdnniy
deasuimuaihusdiazargluuenaznouaming
ponlagHuNTzEAI8NT0Y Mntuthansazaneildly
szvefvazalueendiiA3 e Rotary evaporator

druansanminluyinuieneniewnsas Freeze dry

N15AATIERENTEIAYAINAITERAAMTIENISD U
1) Mmideseiusanaasddynguiuedn
AIUITN15AALUAIIN Hammerschmidt and Pratt
(1978) lnanau Folin-ciocalteu So8ag 10 USUTAS
1,000 lulasdns @15azais Na,CO; Sp8ay 7.5
USu1ns 800 lulasans uazarsnaaauusuing 200
lulpsans wanlidnfunasdensly 1 42lus 91ndu
lUTamnuemeadud 765 wiluwns AwraUsuim

navasuszneviuednlaeisuiuasuInsgIunse

57



MIATIVAL AW LIVINSNEHT 40(3): 55-64

wnadn (Gallic acid) Aethminansafnusune 1 nd
Tnesrearunalduy JafnTuauyaveInsaunadnge
NTUVDIATANA

2) AwsneuSunaunadugnalsa lag
foulasainisves Paradossi et al (1999) fad 1
ANSARARIUNNNEMIBLNANAZNBURIBLENLA
Jevay 95 ludnsndiuansannsaleniuea 1:2 lay
Usuas uwdnhluglugnsmunugamgll 550, Ju
nan 1 s mniuhluued e, Wune 24 dalua
Aunznounedudnailsilasnistunisseinies
Jumissnnuiga 4,000 souseunit Wunan 10 wril
wdnheenoudildouliuiedl 550, fuinmSesay
yosnedudnalsaiile

3) n1sAasgvinsaazd luluansdana
dnI1en299U lnvdeitegsansanalulnsies
U3 MiosufjURnanans (Usemnelne) anvideding
1nele Gas Chromatography-Mass Spectroscopy
(GC-MS) § 91435 nnaous 1989910 AOAC official
method 994.12,988.15 (2000)

¥y oy
o & & C=JC

nIMagaUVsEugIYagaunIdnalsarniie
1n835 Agar disc diffusion method ¥1n1%
W28 8Ll ouuaiiiS o nelsaus i anile
Staphylococcus aureus, Staphylococcus epidermidis,
Propionibacterium acnes Tus 113 Nutrient broth
U395 5 ua. Agaumgdl 37°0. w1y 24 dalus oniiu
P. acnes Vf’]ﬂﬁLW’]iﬁLgﬂﬂiuaﬂﬂ%qmmﬁﬂﬂﬂiﬂﬂlsg
MueAfiUaaidniinisunuiy 72 4lus dleasy
mruaIaIdINIUsuaNy uliii e v afiu
MaFarland standard No.0.5 (t%aa Uszuna 10°
wad/ua.) iliiududdfivsandeguady

WaALNIELE Bud 1L LNE BUURTINT191%15
Nutrient agar Y1#198Na1TaAAININY RUABIUY
nszAenseIUsunns 30 lulasans antdutluang
vuimiie s Tnglddviazaneiiviinisasmdu
Negative control L& ﬂ%’mﬂﬁ%‘auz Tetracycline
AUy 5 un./ua. WU Positive control Lagy
favnazatgagly Dimethyl sulfoxide (DMSO)
Tusnsndu 1:1 weteliasatauassazans
avaneldaTy thatuemsuad 37°%. w24 Falug
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glucose uptake) LLazﬂ’l’Jzﬁlﬂizﬁfufﬂy’aBaqusqjﬁu
(Insulin-stimulated glucose uptake) w11 a1 6 U
ﬂﬁ’mLﬁamzﬁ’aangﬂﬂmwwé’w CO, 5owag 5
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90 w1 nduAUINIAINITNING LAaLd g

Y

nauilensedsau nans

Glucose uptake = [Glucose concentration before incubation — Glucose concentration after incubation]

Weight of diaphragm (g)
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nsAATIEVideya
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3-5 NgunAaa 1adia Analysis of Variance (ANOVA)
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wisldlumsiansannsthluléidu Functional extract
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1) Yunuansdrdgnguiluadn

1INNTIATIERUT LA UBENTINYDIEIS
afnandavhazats 2 wia Tdun 1 wagleniuea
laglUToumeunualsunnsgiunsa Gallic wuin
USinafluednuluansadaiianaivinenisedu
fifngeninansadateniuea (Table 1) §991n53fy
audtafiunnstutesitinazatazdmasonis
azanovonsatnasiiflosdusznounaeiiuszian
A3 9 Ta89a15UTEna U URANDONNIAINA8E 1S
amine feiulunisadadied1savsnenisedu
Freihiidauidageaddfarsiannnguiiuednsm
TuuSuugs Jeuonannazvasndouddsfidunuy

lunsanaainindyinazaedunagau ¢ aneae

Table 1 Comparison of phenolic content in various types of Caulerpa lentillifera extraction

Type of extraction

mgGAE/g extract

Aqueous extract

Ethanol extract

5.18+0.06°
3.44+0.06°

Values are expressed as means+standard deviation (n=3).

a, b values with different superscript annotations show significantly different (p<0.05).
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2) Ganuweaudnalsirnansaiadaeth
YBIAMNIIENIBIY

asatasa8uIMs e Aqueous extract 781
amsenisedu wuinedUsenevalngiduans
nqunedudnalsdiesas 84.10 Geaenndaady
$1891UN153 3898 Maeda et al (2012a; 2012b)
wuhaswodudnalsdluamienisequignilunis
nszdunsaiegfiduiuresstine wagqnisiuiead

< bl ¥al ¥ (. 5 £ ,01 o
wziSadnunladnaie aaluarsanauiauisayily

=3 a v Al a W & a 1%
WUa15UTLNoUMINUNT LUNA A A 9l LAS UD M5 b9
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wagnadauN1Inannmely

3) Gainaunsaeziiluluasafninvesd g
W298§uU

NaINATIATIEIRUSLNUNSAREHLY 20 viln
wuih asatniamiesequiinsaesiluliuw
Seaanunnlutesded Phenylalanine, Leucine,
Lysine, Tyrosine, Glutamic acid, Isoleucine L@ g

Aspartic acid wanis1eazLdealu Table 2

Table 2 Amino acid profile of aqueous extract of Caulerpa lentillifera

Amino acid mg/100 g Amino acid mg/100 g
Alanine 565 Leucine? 1,912
Arginine <5.00 Lysine® 1,746
Aspartic acid 1,005’ Methionine 314
Cystine 420 Phenylalanine’ 2,274
Glutamic acid 1,184° Proline 518
Glycine 425 Serine 295
Histidine 546 Threonine 376
Hydroxylysine <5.00 Tryptophen 115
Hydroxyproline <5.00 Tyrosine’ 1,205
Isoleucine 1,163° Valine 836

Mexpress high to low amounts of amino acid, respectively

nsmewflufinuddydeuywilaoidust
1A59a519veH ke IR IUANLILIUDATUVTENS
wnangestUsiulusiene nsiinsasesvesiniil
p1gndulaslanizsesiiisidulasneundosued
Auinunandadevatsedne laun Ssddandlalewdn
(UV) n3gnnsedualgansiall n1slasuansemis
Liieane waznislasueyyadasziuiniiuauga

TngLane UV Ad90avinanslusiuwasAnaaitau

famtonlfiAnsrsesndeimdadiody fsea
wudn Glutamine wag Proline Wunsmozdluiid ey
Tunsadereaaiau nelufiunmsdunsineaaiau
Tu Fibroblast cells annsateiluynsainsnenaiau
yosivifaignyianesieuas UV ¢ (Hitoshi et al,
2012) yonand FailseIunTITENUIN Arginine,
Omithine wag Leucine unsaezfilufivionszdu

ANSUILVBILNADNAIY (Shi et al, 2002; Shi et al,
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2003; Stechmiller et al, 2005; Zhang et al, 2004)

Aaduasanaaluu1deaiuisadnlyussyneldly

HARAuIATEIE0 U IEans TRl

nansfudamsiaiyvesuuaiienelsainuiledae
d198AAAMIIEN90§Y
MnNnIadeUnnsSusutonuaiisenelse
Rovtfaavn 3 vl loun Staphylococcus aureus,
S. epidermidis Wz P. acnes 1815 Agar disc diffusion
method Tngldansainavsiesethuasivhazas

BuUNSY 3 ¥hia oA LBNIUDA LBNADLTLAH LATLINLTU

Arrandadiu 50 un./aa. nansvaaesandly Table 3
wuin ansaried i viharareienues wiaesdian
wazioniey dUszans nmlunisdudanisasey
veauuaiisonelsafaniana 3 via lduandieiy
dumsatindetiiquidesian dannuanisvaaes
wansliifuinaindtensedudgnilunisdiuie
wuafliedinelsaianiald uinasidendvhazane
Tunsataduansdunis anwanismaasdluafai
msdenlidmiazasieniueaiiosaindsinign
annsamdnldde uardamnuvasndoganiile

WIHUWEUN UL NI aD LT NLALLENLYY

Table 3  Effect of different extractions of Caulerpa lentillifera on antibacterial activity

against skin pathogens

Type of extraction

Clear zone (cm)

(50 mg/mL) S. aureus S. epidermidis P. acnes
Aqueous extract 0.67+0.058¢ 0.63+0.058¢ 0.63+0.057¢
Fthanolic extract 0.80:0.000° 0.700.000° 0.68+0.115°
Ethyl acetate extract 0.90+0.000° 0.73+0.058° 0.66+0.115°
Hexane extract 0.87+0.115° 0.77+0.058° 0.63+0.057°
Tetracycline (5 mg/mL) 2.77+0.115° 2.77+0.265° 2.87+0.152°

Values are expressed as means+tstandard deviation (n=3).

a, b, c values with different superscript annotations show significantly different (p<0.05)

KavassAALYasEMINENIsaurBNINglad
iirgndnaniiensedeauvammyuna
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alucose uptake Tunguiilarsadavnvosamsne
wiseguiiaandutusing o fe Yewas 0.25-2.0 e
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1a. (U/mL) wuanAe9 Insulin-stimulated glucose
uptake lunguitlansatnuivesamsenisegu
ANMUTNTUT YA 2 HA1EaNIINqUAIUANBE 1]
FodAyn13ad i 9 sdonnd 09 uNavas Delta
slucose uptake AUsUBAANMIENNINTEAUNTINNY
vosgasluuduydu Jsasuladransadnamsieling

dinnsinuvessesiuudugiulunisninglaaiing

Y

nanukileane
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Figure 1

Effect of aqueous extract of Caulerpa lentillifera on glucose uptake

and insulin sensitivity in rat diaphragm
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Efficiency of Allelopathy from Hairy Beggarticks (Bidens pilosa L.) in Weed Control
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Hairy beggarticks (Bidens pilosa L.) is an invasive weed wildly distributed in tropical and sub-
tropical regions of the world. It causes losses in crop more than 40 countries and exhibits allelopathic
effects on numerous crops. The objectives of this study were to determine application methods of
allelopathy from B. pilosa on weed control and to estimate mechanisms of action of allelopathic
chemicals. Allelopathic materials were prepared by collected fully expanded leaves of B. pilosa and
oven dried at 45 °C for 72 hr, then were ground finely in an electric grinder. Soil and B. pilosa powder
were mixed with the varying ratios of 10:0, 8:2, 6:4, 4:6 and 2:8 (w/w). Whilst seeds of Cyperus iria,
Echinochloa colona and Phaseolus lathyrodes were germinated in these soil ratio for 7 days. The results
showed that seed germination of three weeds species was over 50% decreasing at the ratio of 8:2 and
completely decreased at the ratio of 6:4. Then, the aqueous extract of B. pilosa were produced to test
on three weeds species. The extracts were applied at the concentrations of 0, 12.5, 25, 50, and 100
me/ml by seed soaking for 7 days. The results represented that seed germination of C. iria, E. colona
and P. lathyrodes was signicantly decreased at the concentration of 25, 50, and 100 mg/ml, respectively.
The same concentrations of extracts were used as foliar application to 7 d-old seedlings of tested weeds
to investigate phytotoxic symptoms. Three days after foliar application, there were no severe injury in
weed seedlings indicating low efficacy of the extracts on leaf cell penetration. Therefore, the allelopathy
of B. pilosa could suppress seed germination by using powder and extract application, nevertheless it

could not suppress seedling growth by using foliar application.

Keywords: Bidens pilosa, allelopathy, aqueous extract, weed control
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arsdadlanfiud uog fudumisnsidag dudts
asdadlansAdvneuansandeutedngnely
AUl uInuaveenldny viognaadulnewdn
WIMIeaNY diuansdadlaniSursuiaiing duney
maUnlusudlugsiuneg Mntuasazndouinedn
ghumisiiAnuiisonftoneliifinmmudufivseds
visodaEsuMswSyiulmvesiuiiy veilansdaaland
virlandeuinemeluduinliusuaiandoudie
Tl safulunisinnsanisnnuduansidntois
Fm (Bioherbicide) sdpsiarsandsnalnnisingu
YoIE38aalanSiedndufAserenvedels 1y
Fudinsduasziuasszuu | viosyuu Il Tngtamny
msvudsdianaseulusyuunisdaunsgsinas Tavang
nsguaun1suIglanazn1sdaLAsIEY Adenosine
triphosphate TAU319N13119N0UL AT AT dudanis
Fumsisinsnesilunaseesluui i vadesiunis
i ule LU endulazdulusliaau Fud
AT¥UIUNTT Tubulin polymerization Lag N9
AL RNA polymerase Wudu (Rice, 1984; Trezzi
et al., 2016)

n1suUsINgn1sdadlantsuusuldnienis
nunstuiTan Uszasd i oannisldarsiaiinag
MInuRsLazanNansENUTesEsAlinedundoiie
MsThNERsNTILE Ny sTuUNEATiY U
lgusingnisaldadlanidlusuuuureanisugniiy
ey NMsUgnitvul nsugnitvaguiu uagnisly
Jeivaniioannsuisiuvesiviivduiivugn (Cheng
and Cheng, 2015) uwiiagdulainsfnuiialaseading

Y0358 aalan 37T Usrans nmuaznalnnisvinau
Fanzianzas ansenaudundndasiiiazninde
nstluldinntuuinduiinafigafulusunnans
vnguiundenldmsiedmdaiviivisisnanhini
Fafunsusuisnisldanssadlansiiefsn ity
agafluszAvsam fdunud uarisnslidudouds
o dunuimemsdaasuliinunsnsiuudenldls
SanTaiiafiduinsrodanndonldinniy msneaes
psii3 el imgusvasdiftenaaouiinisliassadlons
MnvgntusmsensmuauTeivuasdssdunaln

MY DIAUYBIANTDRALANTD
4 ad
gunsaluazisnis

MSASYUNIADE1UAZETENA

Aunazsausluvemaiusamanitug
Tunminedoudly enedunsie Janiadesln
vﬁ”mLﬁaﬂiuﬁﬁﬁﬂwmzamysaiﬂimﬁ]’m'msaamsl,%’l
Matgveslsalazuuas YnN1a19vANEYeIRR2Y
sz 2 ads wazaiinses 1 ads anduhlueuls
widlugeuaufeusisgamail 45°. 1Wunan 72 Fala
SL‘ULLﬁQQ%Qﬂﬁ’IIUUﬁa%ﬁLgHﬂﬁ]uLﬁumﬁ”JEJLﬂ?EN
unaztdealniaglansuisdusunimnass nawsedn
dumisaggniiluadadaeindu Tasthausudly
hndudadan 10:100 (W) Teerglmdudoeiu
Ul lviardin vl iTigamadl 14°. Wuiian 72 Falus
91T uthuInseed 28 19170U19AENTEABATOA
(Whatman No.1) azldansaiad faaududy 100
Un./48. (Poonpaiboonpipat, 2017)

Anuusransnmemaniusivn
ynadeudne e fui1valugUves
ansanaLavHLi s aUsednsnannisaiuaunis
Wi Aulevesivne 3 vila Ao nanTe (Cyperus ira)
wef 1uNdvum (Echinochloa colona) wazd 17
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(Phaseolus lathyrodes) 1N15NAaBe o @19713%7
D15NVINY AUENAANTTUNITHNEAT UAINGB LU

ASNAARAT 1 NsNAEUNILTTUWER Jaia
Pdaiuianageuiiylunseananaadin
YUIALHUKIAUENATG 10 3. §9 8 T3, ﬁumqi’a@g
Ugnil fdrunauvesfusensng 1A usrvdndan
10:0, 8:2, 6:4, 4:6 Lag 2:8 (w/w) 8951 50 \Wan/
N320719 d1msUnANIIewasrg WNdYUN Lar 20
Waa/N5E019 EMSUBR $1uau 5 91/n15NAARs 19
nszonslulsadeundsawanadinla saurliiagugn
Fududunan 7 fu fadufindnanissenveudn
Tty ArulaUesiduinisenuaziUesifudnig
ET[JE?@ (Khan et al., 2017; Piyatida and Kato-Noguchi,

v

2010) A9

%Germination = | Germinated seeds | x 100

Total seed

%lInhibition

= 1 —| %Germination of treatment |x 100

%Germination of control

N15NAA9N 2 NISNAFaUANTANANUNAAY YN Y
YUUAATINYa19928181Us2UN 2 AT9 1N
599 1 A%Y Fudnliuismenseauiivgudiniill
wiluansazanelomeulalumaslsyl Auduty 0.1%
<, a a v % % g v <
Wuan 30 U 819m281N599 2 ASY FULLAR
Wwiud @ ahlnauuamumnsunadurigudnan
a P ° I3
9 @Y. NTDIRIYATEATWINIE T1UIU 50 LWWAA/AU
dwsunnnaneuazngundau waz 20 Wan/au
AMMSUN IR T1UIU 5 F1/A15NARBY WAATITULNY
WUESANAUSHIMS 10 1A, ¥899ANLINTY 0, 12.5,
25,50 Wwag 100 UN./48. IUAINU NUNILTIIRUA
aggniu1sluguugamgll 28°g.a1elduasain

vaangesLsalgudviln Cool White Fluorescent

AT ULES 22,200 and 13 F7lua/Au Wunan 7 Ju
ANYUTUNNAIINEIITIA mmqm”u AU
Wasiuanissentaziuasidudinisdudadufeiny

A1SNAADIN 1 WAZAIUIUATL AIIULT ILTIVD

¥
v A

funal (Zhao et al., 2016) ¢4l

Vigorous index = Germination x (Shoot length

+ Root length)

mMInaaasii 3 nsnadeuasatafuiund1TuRe
thiundesnnnsne neundvuy wagdn
fiflony 7 Jumdasen drevgnlunszanamanadinauin
wusgudnane 10 vl g9 8 @, 91U 5 AW/NTEaN9
$13u 5 91 nenszardlulsaSoundsnmanannla
wavizidsdldiasyiulanelusn 7 Yu aaniy
AANUAUNAITNYAANTATAAIIUTUTU 0, 12.5,
25, 50 uag 100 un./ua. Ysuimsnszansas 10 wa.
wasndanwduaa 3 Ju Ussifuanuduiivee

Tenen18750mT1duU TN IUAY (Rating scale)

'
[J

$IUIU 4 52U Ao 1 = szAus (Poor) fa1n15uien
vissludidennin 60%, 2 = sysududs (Suppression)
flonsiieviolndl 60-79%, 3 fie sziud (Good) i
o1msiiisnielnsl 80-90% way 4 Ae szAufuIN
(Very good) ff01n1547 a3 ol 91-100%

(Canadian Weed Science Society, 2018)

nsATeideyanieaan
TWUHUNITNAABILUU Completely
Randomized Design (CRD) %’agamﬂmsmaaqﬁ 1
Wag 2 gNUINTIATIZVAIAINLUTUTIU (Analysis
of Variance: ANOVA) haztUTeuliisuAInIuuLanmg
N19@0AA1835 Least Significant Difference (LSD)
selusunsudnsaguiissdudoddny 95% uazns
nAaesdl 3 IaTeiAedsuardiudsuunnsgiu

Ya3sEsuANIl U YYNY
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NAN13Y

nsnanAutunangtuiienludasidiu
sina 9 et deualdTofivns 3 viailiedidud
nssendiuansnetusg1aiveddynieadf sy
P<0.05 Tnanu3 7 8ms1du 8:2 nAnse neyaun
Aunn wazdail Tedidudnissenanasegieunn
dloweuiieuiusnndiu 10:0 vieRnduesidus
nnseusa 77.2, 96.5 wag 45.7% auansu (Table 1)
ludasdiu 6:4 wudnnnse vieundvay wazdan
eI udniseendanniiies 0.4, 0.5 uay 5.3%
audU uansisUsEansamlumsiiudinisienves
wiatuitana 3 vialdduegremnsyiiedidud
nsudads 99.3, 99.5 uay 94.4% mudy v
Snsnd 4:6 uaz 2:8 ansadudinisienvesTuite

714 3 vialaogeiiuseansnin (Table 1)

Py 1Y)

arsatnanlungrdudiend seiua
WUTURNN 9 dNafENITIDNLAZNITLASYLAUTATDY
Fundrfufinesefitfodfyvnsadfvisediu P<0.05
AIUNITIBNNUIINANIIEAAIIUBOURDADAITANA
unndmgundvamuazdan Tnefinududy 25
un./ua. Wuduly wanvesnansieiinaiugen 0%
Famnefenunsadudimssentst 100% vasdingiun
AunuardaRdunuirdnisnevaussasatudimiy
nnnsne Tnedisgduaududuside 12.5 un./ua.
fuanseRunssenesivfions 2 efiadntos usianuso
fudanssenveavgundusmiiaaundudu >50 un/
wa. wardudsmssenvesiafiianududu 100 un./
8. (Table 2) dwsunisasgiulavessunal Juiy

WUTIAINNENIVBIAULAZSINYBINANTIHANAIEING

Trdiednnuudwssesiundiiiamududu 12.5
un./ua. sndnanududu 0 un/ua. sgnsdidedfny
eadd vigundvuniinisesyivlnanainiuaiy
Wuduansaffidiudy Tneflauenduanasdinang
WUTU 25 Un./ua. KATAIINBIITINAAAIT AL
Wudu 12.5 un./ua. Wuduly demalisadaiig
uSausavesdiundfinnnududy 12.5 uaz 25 un./ua.
Fninfienududu 0 un./ua. Ussann 0.5 uag 6.3
Wi sy Sfireudnelinuiuniuseasaia
Tnedauenduliuandiaty sniufinanududy
100 un./ua. fifAueduanas wazdnl1ue115n
Tdunnaefufeihldidavsdanuudansevesiunan
Tlupnenaduilssdumududy 0-50 un/ua. waz
ffigeiaududu 100 un./ua. (Table 2)

devhnsaanuansatnanlungiusiem
Audundriviieiifeny 7 fu wagUsziliueinisves
Fundn wu Tudten Tumdes videlugedihma ndsann
Faviudunan 3 Yu nuinanseiionnisvesiunan
finnanuidudueglusedu 1.00-1.75 Famneds ang
atafanafivszans nnlunisidviarsssfus
yaurAngundvunuazdfidnisnevaussienis
Aanuansanandendaiy fnnududu 0-50 un/ua.
flon1svesiundrogluszdu 1.00-1.75 Fanuneds
ansafasenaniiuszansawlunisisviatesyausi
WA A gy 100 un/ua. fe1n1svesdundn
ogluszdu 1.76-2.05 Gemnefeensainduszansnm
Tusesudiuds sgndlsfimumanisneaosiinuinansaria
nnlunghfusmldanmsamugumaaiaiule
Ypanuna1ianle wazdeas1ennudemennauna
Sesiiaflaluseaus (Table 3)
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Table 1 Effect of soil and Bidens pilosa powder ratio on seed germination of three weed species

after sowing the seeds for 7 days

Weed species Germination (%) Ftest C.V.
Soil : Bidens pilosa powder ratio (w/w)

10:0 8:2 6:4 4:6 2:8 (%)

Cyperus iria 55.3+6.4°  12.6+6.8%° 0.4+0.1°  0.0+0.0°  0.0+£0.0° * 8.7

Echinochloa colona 94.7+14.7°  33+0.9°  0.5+0.1° 0.0+0.0% 0.0+0.0° * 14.5

Phaseolus lathyrodes ~ 95.2+12.2° 51.7+3.3°  5.3+1.0° 0.7+0.22 0.0+0.0° * 16.6

Weed species Inhibition (%) Ftest C.V.

(%)

Cyperus iria - 77.246.8° 99.3+0.1°  100.0£0.0° 100.0+0.0°  * 9.2

Echinochloa colona - 96.5+0.9° 99.5+0.1° 100.0£0.0° 100.0+0.0°  * 8.5

Phaseolus lathyrodes - 45.7+3.3%  94.4+1.0°  99.3+0.2° 100.0+0.0° * 12.6

ns=not significantly different; *=significantly different at P<0.05; mean+S.D. followed by the same letter of the same row do not

significantly different at P<0.05.

Table 2 Effect of Bidens pilosa aqueous extract with varying concentrations on growth parameters

of three weed species after soaking the seeds for 7 days

Extract Growth parameters
concentration  Germination Inhibition Shoot length Root length Seedling vigor
(mg/ml) (%) (%) (cm) (cm) Index
Cyperus iria
0 77.5+12.6° - 2.2+0.6° 3.9+1.3° 457.8+120.4°
12.5 35.0+10.0° 54.8+17.2° 1.2+0.5° 1.3+0.2° 92.5+41.8°
25 0.0+0.0° 100.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0°
50 0.0+0.0° 100.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0°
100 0.0+0.0? 100.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0°
F-test * * * * *
CV (%) 9.4 10.0 2.6 7.8 28.5
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Table 2 (Continued)

Extract Growth parameters
concentration  Germination Inhibition Shoot length Root length Seedling vigor
(mg/ml) (%) (%) (cm) (cm) Index
Echinochloa colona
0 92.549.6° - 9.6+1.2° 11.7+2.1° 1970.9+388.7¢
12.5 99.0+0.1° -8.1+11.9° 9.1+4.2° 3.9+0.4° 1303.8+454.0°
25 86.0+11.0° 7.0+22.2° 2.4+0.6° 0.7+0.2° 269.0+86.7°
50 0.0+0.0° 100.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0°
100 0.0+0.0° 100.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0°
F-test * * * *
CV (%) 12.6 20.1 11.3 14.1 32.3
Phaseolus lathyrodes
0 93.8+2.5° - 3.2+0.3 0.9+0.1 377.5+40.7°
12.5 95.0+4.1° -1.3+2.6° 3.9+0.6" 1.0+0.4 466.5+64.7°
25 88.8+10.3° 5.3+13.1° 3.8+0.3 0.9+0.3 415.6+46.7°
50 81.3+4.8° 13.3+5.2° 3.7+0.5° 0.7+0.2 358.8+66.3"
100 21.3+4.8° 77.4+4.7° 0.4+0.1° 0.1+0.0 10.0+3.5°
F-test * * * *
CV (%) 19.3 22.7 13.2 14.5 12.4

ns=not significantly different; * = significantly different at P<0.05; mean+S.D. followed by the same letter of the same column

do not significantly different at P<0.05.

Table 3 Effect of Bidens pilosa aqueous extract with different concentrations on phytotoxic efficacy

of weed seedlings after spraying for 3 days

Extract Cyperus iria Echinochloa colona Phaseolus lathyrodes
concentration Symptom  Meaning  Symptom Meaning Symptom Meaning
(mg/ml) level level level
0 1.00+0.00" Poor? 1.00+0.00 Poor 1.00+0.00 Poor
12.5 1.00+0.00 Poor 1.00+0.00 Poor 1.00+0.00 Poor
25 1.08+0.28 Poor 1.16+0.37 Poor 1.12+0.33 Poor
50 1.12+0.33 Poor 1.68+0.48 Poor 1.36+0.49 Poor
100 1.48+0.51 Poor 2.12+0.33  Suppression  2.08+0.40  Suppression

'mean=S.D.; “Meaning of symptom level: 1.00-1.75 = poor; 1.76-2.50 = suppression; 2.51-3.25 = good; 3.26-4.00 = very good
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39150INAN15IY

nei 1 us1917 (Bidens pilosa) v uFuita
ﬁ'ﬁ’qmiwﬁmmﬁaqﬁ (Secondary metabolites)
larateafin 19U Phenolics, Saponins, Flavonoids,
Flavones glycosides, Polyacetylenes, Terpenes
Chalcone glucosides, Phenylpropanoid glucosides
wazTerpenoids Inewanzae1384 Phenylheptatriyne
uaveyiudvesasfnantunuluUadiauasd
unumdraglufanssunisiingadlanid (Khanh
et al., 2009) An1snaaesldarumnioAunisvema
fudramluituiiundas 2 du/ls wuiraunsadda
Fuitafleingn 80% wavauisaiiunandndn 20%
(Khanh et al., 2009; Lim et al., 2019) wazin15ly
@1uLde (Chromolaena odoratum) ﬁuamﬂqﬂﬁu
Auulunsznmnassiisns) 1.6, 3.2, 4.8 uay 6.4/
15 wurnanusaanswIuiwinale 77.5, 81.9, 85.7
way 87.2% Aua1nU (Wattanachaiyingchareon
ot al., 2016) @OARAITUNANTITNARDIANUIINAS
ﬂqﬂﬁué’wmmjﬂﬁu%’mnﬁﬁm’l 8:2, 6:4, 4:6 LAY
2:8 Tneniwiin videAndu 0.4, 0.8, 1.2 uax 1.6 §u/ls
TneUszana annsodudenissenvosudannnse
vejrundvay waziail Iéegneiiussavinm lasiawe
8819897131 0.8 du/ls sl (Table 1) wans
Thiunslingdusivnluguvesunadinm
aunsonIvAuNssenveiviivlufulalaunsianig
Tingaanavanlaesaisaifyoanuiainnaln
n198e8dateeIn g i unszuIunITNE Vel
U5Ing3aidadlanis (Jabran et al., 2015)

nsannalseadalanidanivlaglydvii
azanguszianang q WuiSmsiansdrdgeenunld
Iugﬂﬁazmmmwmmmamﬂéﬁyu nsldansann
nnvgtusamlneiiinduihazats (Aqueous
extract) il enageuUszAnSaImn1saIunLIyiY 3

YUA NUINLNISHBUAUDIN BNISIBNWATNST

WRIPLAUTNREILANANAY TaanNNTIELazRe 1Un
Arumgndudsnsruaunissenausandudusedy
1 Ao 12.5-25 un./ua. FawanansaniRnesidus
nssenluanasaunseieiinududu 100 un./ua.
(Table 2) wansInUsEaNS AMNIsEUSINsIenYes
maaﬁm%ua&ﬁwmmaqLuﬁmﬁ"zjﬁﬂjﬁw Asiliuan
vwalngvlinmmuseasatnuntudieldlua
Wuduwindy auduiusaeanandegnnulung
Frundimumunindnla (Poonpaiboonpipat, 2017)
w3 od A7 nunIunimg9d1iun (Laosinwattana
et al., 2009) Jufu
N13YIN9IUVDIE15o A lan1sUTENaUA Y
naenalnd uey furinuosansdadlanSuaznis
novALBIfY WU n1sUAsuLUadlassassvesad
(nsedulfoadvihauiiaund iuduumndlen vl
vilsnduas) msdudinsulamaduaznistinueny
Wwaa (TA719n1589LAS189 DNA 113 89n9114
A5EUIUNTS Mitosis) N1sERNUTZAVS ATMATSHILA
nidwas (neliinanudemeniglulwadiy) wag
nsTAIeNIsFATIERRaIUe Y LIuAu (Cheng
and Cheng, 2015) Wi aiU5suiisunalnnisvineu
vasEsatnanmaius 1w nuindidnuazuesnis
Fudinssenvsetavnisasydulavesassen
Uangsinunninisgadudiviatenigluwadiie
\Hioen33nnsBaniussasatnanududuioady
Juafresnnudemeuidundi faiadosuiniile
Wigueunulsnisudiudan (Table 2 wag 3)
Usvans awlun1sdudsnissenveangniusien
TiieausnuluSuivmindu wideunsedudnssen
Y0388 09 60T87 992 T1lne 9199 dadas
WHINIT kazinnNA taonnae (Khanh et al., 2009)
wansimgnfusniidneamlumsiudinssengs
warliidonyhany dafunshluldideniunu i
JunugaudvyIunguudasdgniyuinnin

naaUgniny
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Abstract

This study aims to determine the optimum conditions for the production of carotenoids from
Rhodotorula rubra MJU11 after fermentation of fish meal in combination with Lactobacillus acidophilus
KK-03 to eliminate contaminated microorganisms in fish meal. The conditions examined were optimal
timing, humidity, carbon source, and nitrogen source for R. rubra MJU11 growth. The result showed that
at 48 hours, R. rubra MJU11 had the highest growth with 2.3198 grams dry cell weight and carotenoids
content was 14.8987 pg/¢ dry weight. Optimal moisture content was 40 percent and found that fish
meal already contained sufficient nutrients for the yeast, thus eliminating the need for additional carbon
and nitrogen sources. It was also found that fermentation of fish meal by using L. acidophilus KK- 03
reduced the microbial contamination in fish meal. From the research results, it can be developed into

animal feed formulas to add value to animal feed products at the feed industry level further.
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Figure 1 Growth curve of L. acidophilus KK-03
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Table 1  Optimal timing for carotenoids production of R. rubra

Hours Dry cell weight Carotenoids content
(ug/g dry weight)

0 2.17+0.01%° 12.59+0.32°

24 1.70+0.01°¢ 7.88+0.15°

a8 2.32+0.02° 13.80+0.06°

72 2.09+0.01"¢ 10.19+0.16¢

96 1.93+0.00° 9.14+0.10°
control 2.10+0.01°¢ 10.47+0.01¢

The control unit is an unfilled fish meal with R. Rubra.
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Table 2 Optimum moisture determination for R. rubra MJU11 carotenoids production

Moisture content

Dry cell weight

Carotenoids content

(percent) (ug/g dry weight)
40 2.60+0.03° 14.89+0.26°
45 2.16+0.01¢ 12.76+0.07¢
50 2.37+0.02° 13.80+0.02°
55 1.94+0.01¢ 10.40+0.28°
60 1.80+0.04° 7.43+0.56°
control 2.10+0.01° 10.47+0.01°

The control unit is an unfilled fish meal with R. rubra MJU11.
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Table 3 Carbon sources for R. rubra MJU11 carotenoids production

Glucose content

Dry cell weight

Carotenoids content

(percent) (s) (KLg/g dry weight)
0 2.60+0.02¢ 14.90+0.26°
5 2.63+0.01< 11.61+0.05°
10 2.69+0.00> 11.24+0.17°
15 2.73+0.00%° 9.50+0.05¢
20 2.78+0.01° 7.44+0.20°
control 2.10+0.01¢ 10.47+0.01°

The control unit is an unfilled fish meal with R. rubra MJU1.
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Table 4 Nitrogen sources for R. rubra MJU11 carotenoids production

Fish soluble content

Dry cell weight

Carotenoids content

(percent) (Ug/g dry weight)
0 2.60+0.02° 14.90+0.27°
0.5 2.47+0.03% 13.50+0.16°
1.0 2.57+0.04° 12.44+0.21¢
15 2.62+0.00%° 12.08+0.05“
2.0 2.64+0.04° 11.80+0.40°
control 2.10+0.01°¢ 10.47+0.00°

The control unit is an unfilled fish meal with R. rubra MJU11.
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Effect of Drying Method on Chemical Composition, Amino Acids
and In Vitro Protein Digestibility of Black Soldier Fly (Hermetia illucens)
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Drying method using heat treatment has a major impact on nutritional value of black soldier fly
larvae (Hermetia illucens; BSFL) as an excessive processing (80-100°C) may destroy amino acids, resulting
in low digestible value. The objective of this research was to determine effect of the drying method of
BSFL on chemical composition, amino acids and in vitro protein digestibility. Two drying methods were
used as follows: 1) hot air oven at 60°C 48 hours (BSFL-O) and 2) microwave at 500-550 watt for 10 to
12 minutes (BSFL-M). The results showed that dry matter (DM) was greater (P<0.05) in BSFL-O (97.39%
DM) than in BSFL-M (93.03% DM), but ether extract was greater (P<0.05) in BSFL-M (32.01% DM) than in
BSFL-O (31.83% DM). Furthermore, crude fiber was greater (P<0.05) in BSFL-O (5.77% DM) than in BSFL-
M (5.58% DM), whereas neutral detergent fiber (NDF) and NDF-linked protein were greater (P<0.05) in
BSFL-O (15.30 and 5.22% DM, respectively) than in BSFL-M (14.85 and 2.82% DM, respectively). However,
there was no difference (P>0.05) in crude protein between BSFL-O (46.51% DM) and BSFL-M (46.62%
DM). For amino acids, contents of histidine, threonine, aspartic acid, serine and tyrosine were greater
(P<0.05) in BSFL-M than in BSFL-O. Moreover, in vitro protein digestibility was greater (P<0.05) in BSFL-
M (88.69% DM) than in BSFL-O (86.80% DM). In conclusion, drying method using microwave can reduce
the denature of amino acids, resulting in greater protein digestibility of BSFL. Therefore, microwave can
be considered as an alternative drying method to improve the BSFL quality for industrial animal

production.

Keywords: black soldier fly larvae, chemical composition, digestibility, hot air oven, microwave
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NIVWAAIEAIUTOUAINANTENUSDAAT
matnvurlunueuiasiuaie esannszuiunis
Tinuseuguiuly (80-100°9.) agviharensnesilly
fualviAnsdesldanas suifeddedingUssasd
WioAnwBndnareisnsiuiiueuwtasiuae
nooIRlTznaUNINLAll nsnesiilunaznisteulaves
Tsiulunasanaans nsviwiedl 2 35 ¢l 1) au
fsanfeuiigungd 60°w. sruziian 48§19l
(BSFL-O) wag 2) susaglulasiinniasll 500-550
TRe Sreugl1an 10-12 U9 (BSFL-M) nan1s@nen
WU Taguiie (OM) fa1ga (P<0.05) lu BSFL-O
(97.39% DM) tUFsuriiguriu BSFL-M (93.03% DM)
worlvsiusiange (P<0.05) Tu BSFL-M (32.01% DM)
\W3puLieuifu BSFL-O (31.83% DM) uenanninuin
1§ oledlAng s (P<0.05) 1y BSFL-O (5.77% DM)
\W3Builausu BSFL-M (5.58% DM) vaueiiiieledilsl
azaneluansazaneiidunans (NDF) wag NDF iy
Aulusaudaias (P<0.05) Tu BSFL-O (15.30 uag
5.22% DM, aaau) WieuLiieunu BSFL-M (14.85
uay 2.82% DM, anuensu) sgnelshnualusiulaidl
AMULANANAY (P>0.05) 781319 BSFL-O (46.51%
DM) 8z BSFL-M (46.62% DM) dnsuainsnoziilu
WuIBanau niletdu nsaneauldn LwasuLay
Inla@uilrga (P<0.05) lu BSFL-M wWiguiiiguriu
BSFL-O wenanimuinemseesldveddusivluvaon
nAARIlA1g9nI1 (P<0.05) Tu BSFL-M (88.69% DM)
W3suiiiguiu BSFL-O (86.80% DM) na1ilasasy
nmsviunelagldlulasianaiunsaannisvinatsnse
pxdlulazdmaliainisveulaveslusiuvesnuou
wnastuaedangs dadululasanfadudnnds
Maldenveaismsviusiad o1l ua A LDy
wiasTuanedmsundndndlussiugeamvngsy

ANRNAY:  MUBULIATIUATY AUIZNOUNILAL

Msgagls avausou bulasyIn
A

HagUulugpamnsmadniialanday
FoaMsonsan TunnnImi st ud sl (Alltech,
2021) dwalinnudosnsingauwvadusiuluemis
Fniiatulneamznndmdes ogdlsiniu 1nnndn
95% maqmiﬂgﬂ{ﬁmﬁau‘?mmﬁm%’aﬁumwﬂ%ﬁﬁu
LLazﬁigmé’mf?ﬁmé’am (Van Huis et al., 2013) 91A
Hymdana T difnsvunadusiunadeniiie
ausiunsdsiuvesemsluowan dauasadunds
FonAviiutaulawazamisniiunldid sada 1y
Hosanifuundsomnsi gauludaelusiu ludfy
Foniunazissig (Ravindran and Blair, 1993) wagld
HuingAumawnunndamdedluomnsdadle (Makkar
et al., 2014)

nUBULNAITUAY (Black soldier fly larvae:
BSFL; Hermetia illucens) Lf]ULL@JaWﬁ@MﬁQﬁﬁN%
FAndu Bosie Tnis uazanunsadedasldTag v
A mAUABulUdusmueuiifiaAmsemsgs
(Oonincx and Boer, 2012) 31ANNTANYITBYANUT
usuusasiuaedalUsAY 35-57% wazlusiy 6-32%
Tneauiuudsvesrlnauyludmmeud ufuannin
999917157 YI11LE B9 (Kim et al., 2021) wonnt
NTLUIUNITHA AV UDULLATTUANBUTIT I NN BNNT
Wa suudasvesalasugliinendunisevaudou
n5Uuda nsaanelusiy wiensanalugiu (Ottoboni
et al., 2017; Schiavone et al., 2017) Fanszuiuns
iuitadegldanufeudus nni waseiinsenuse
aeAUsEnaUMBAiuazauAmalnsuglufuou
(Huang et al., 2019) eﬁéamﬂﬁizé’umm%’auqauaz
sepza il ul wazdnavilinsnezdluluag A
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gniansuazdnaliAn1sgaele luddndianas
(Kaewtapee et al., 2017) aiinszuaumslianuseu
WUUBUaNsau (Hot air oven) agldliauiuuazdna
poAlnsusanaslundniue (Figel, 2010; Sunjka
et al,, 2000) Tuvauzfinszuiunsyuissaelulasim
(Microwave) 1 un15ldwdnn135aa uwyd ind nlasl
mnufgelunseduliianavesndnsusiliAnnisdu
wazldundnuauiAna191uANS o UV lANa N A el
anuaziinmssumeveai Inefildszernaniiduias
finanon15.U8 suwlasn109d Usznauniaaiily
nanAuNtes (Giri and Prasad, 2007; Lenaerts et al.,
2018) lnga1nA1SANEINITYINNUOULNASI T LR8I
mglulasinnuiivinnunseesiilugendiniseume
LM1BUANS O (Purnamasari et al.,2021) [ ULABIAY
Mseuuss wisalaenslelalasrni nasvilr 3
votluiu ussguarinfiudganimnsldeneuauiou
(Bawa et al,, 2020) agnalsAnudalainisdnwinian
158 0ele w0l YULVOIMUBLLLAYT YA WA IR 14
lalasiUSsufisuaieniseunisausou nsAnY
pdsilTalt Inguszasdilofinunaresnsyununisvhli
wienae3snsevansounarlulasinnensnusznou
maadl nsnesiilulazainisdeslaveslusiulurasn
NAas (In Vitro protein digestibility) Uamiuauniayiy
anednsulddunuimslunisudnrueuiuasivane

wisnfigauniniteliiduemsdnd
L3 ac
aUnIULaYIdNTT

yuoukiasTuaeiililununeaedvediag
o1mslA TaengAundn Ae dnlnauaznindundes
yhmsiiunusuandieny 14 Jumdaaniinesnainld
(Figure 1 A) ﬁmﬂj’uﬁﬂﬂLLﬁziLL%&ﬁqmgﬁmzmm -20°%.

Wasethlunmasssall Tunisvaassaztinviveusani

avareudutanueuesndu 2 4a 9 az 500 n3u e
Bl uie @aid Treatment 1 (T1) nuouuiasiu
anULIRTansou (Black soldier fly larvae drying
by oven; BSFL-O) segau (ED115-E2, BINDER GmbH,
Tuttlingen, Germany) #i gaunnil 60°. uszeziam
a8 3l (Figure 1 B) (De Marco et al., 2015; Maurer
et al., 2016) wag Treatment 2 (T2) AupuLLaI LAY
auusaaglulasiav (Black soldier fly larvae drying by
microwave; BSFLM) Tnglfias adlallasianl (EMIV20K18GW,
Electrolux AB Ltd., Stockholm, Sweden) alu
500-550 06 s2821Ia1 10-12 Wil (Figure 1 C) Ingau
ThuouuiasTuatsuisant uazgniiluuas iy
APWNTITUIN 0.5 3. udiBuilgumndl 4%, antusin
nswsELfogeueus 2 uuulaeuUsoondu 3 4
wioldlunsmeaes

A5n15v1n1svaelaturasanaass (n Vitro
digestibility)

Tumeu gunsal uarisnisvinisdesldly
naeAnaaos (In Vitro digestibility) 9¥vNa 1135 U0 4
Boisen and Fernandez (1997) Taguna 108 1914 Ty
MABANARBISIUIY 3 T o208 199 N WA NEns
Tiediiiosaesannglunssmnzamsiaeiinsusu
oH 1l 2.0 nduisoulediudu (Pepsin) vinis
W BBIAT D9 Water bath (FWS-30, Faithful Instrument
Co,, Ltd., Hebei, China) 7 g umg i 40°. 1 utaan
6 Flue antuusu pH Ju 6.8 iilesaesaniizly
aldudnfueulwilnuaiiofu (Pancreatin) Lugsie
FeLAT 99 Water bath ﬁqm‘mqﬁ 40°%. \Juiaan 18
Fala wdIN503R 198 19R 280 dbuasu (Nylon bag)
ntuthiegsiieglugsluaouithikiunmsgosly
AE%mAlUsAUlaeds Kjedahl method wagin
Aiildnfuamnensgesldsely
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Figure 1 A: Black soldier fly larvae (BSFL), B: Black soldier fly larvae drying by hot air oven (BSFL-O),

C: Black soldier fly larvae drying by microwave (BSFL-M)

NM5AATIZHNI9LAT]

wuauumﬁumaﬁjﬂamLLUU%QmLUQLTJu
¥ilnaz 3 51 lnghludnssvmalnwuesedanis
Proximate analysis (AOAC, 2005) Usznaunlging
W3 (Dry matter; DM) TUs@u (Crude protein) Tagiu
(Ether extract) oty (Crude fiber) wagian (Ash)
Fias1zvninsnezdludeias a9 Ultrahigh
performance liquid chromatography (UHPLC, 1100
Series LC system, Agilent Technologies, Santa
Clara, CA) waz31as1zv s oledi luavarelu
ansazanefidunans (Neutral detergent fiber; NDF)
wazduvesnduwad il azarelunsa (Acd
detergent fiber; ADF) ANu35 V89 Van Soest et al.
(1970) Feiifin1sinsesimenTUsiunazidnisuoy
TupirUsznouned NDF uwag ADF 39azldd NDF-
link protein, ADF-link protein Wag ADF-ash Nt
Az1IAIUIIA AR UAINIB Y8 Marono et al.
(2015) 91n@un13 Chitin (%) = Ash free ADF (%) -
ADF-linked protein (%)

nsAATIEdayanieain

ARIAYTENRUNIAAT NIRDEHlULAL AN
n1sgeulavemusuntasiuatsuwandusluuy
ALad o (Mean) hagd1uild saLUuNIATE U

(Standard deviation) 1T ulUSsuIiBuAILREY
Y9999 2 Nauea8 Paired T-Test La¥N1MUAAINY
LANE 97 sEA e ey P<0.05 Taeldlusunsy
?7’11,%‘-031] SAS Studio (SAS Inst. Inc., Cary, NC)

NaN15I8

ArpsAUszNaUMaAlinaznInazilly
HansANYIMARIAUSENaUVNAAT (Table 1)
NUIATINQUIAYRY BSFL-O (97.39% DM) dA1gendn
BSFL-M (93.03% DM) a8/ 190 W d1 A qyn13ad f
(P<0.05) wuLfeafuA1lugiu BSFL-M (32.01% DM)
89031 (P<0.05) BSFL-O (31.83% DM) luwauzidn
W& oleTu BSFL-M (5.58% DM) flsn31 (P<0.05)
BSFL-M (5.77% DM) 8¢/ 190 Wea1a gyn19ad i
(P<0.05) pgalsfmualnvurdu 9 liua Tsfiu i
ADF ADF-linked protein ADF-ash e ash free ADF
Liifianuuansnsiunieada (P>0.05) wonaniiile
W21581A1 NDF %U31 BSFL-M (14.85% DM) fian
N (P<0.05) BSFL-O (15.30% DM) iufeniiuiu
A1 NDF-link protein 11 BSFL-M (2.82 % DM) 71
A16IN97 (P<0.05) BSFL-O (5.22% DM) usianlafiu
Taiflmnuunnansiunisedia (P>0.05) Ing BSFL-O uaz
BSFL-M fAuvniu 2.29 way 2.17% DM auanau
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Table 1 Chemical composition (%DM) of the black soldier fly from two drying methods

ltem BSFL-O (n=3) BSFL-M (n=3) P-value
Dry mater (%DM) 97.39+0.03° 93.09+0.17° <0.05
Crude protein (%DM) 46.51+0.17 46.62+0.32 0.86
Ether extract (%DM) 31.83+0.06° 32.01+0.06° <0.05
Crude fiber (%DM) 5.77+0.02° 5.58+0.04° <0.05
Ash (%DM) 6.23+0.02 6.18+0.04 0.15
Neutral detergent fiber (NDF; %DM) 15.30+0.04° 14.85+0.09° <0.05
Acid detergent fiber (ADF; %DM) 6.44+0.03 6.04+0.13 0.08
NDF-linked protein’ 5.22+0.48° 2.82+0.36° <0.05
ADF-linked protein? 3.68+0.05 3.50+0.05 0.33
ADF-ash’ 0.47+0.03 0.37£0.05 0.06
Ash free ADF* 5.97+0.03 5.67+0.13 0.14
Chitin® 2.29+0.02 2.17+£0.04 0.33

BSFL-O: Black soldier fly drying by oven, BSFL-M: Black soldier fly drying by microwave

INDF-linked protein: Neutral detergent fiber combined with protein; ?ADF-linked protein: Acid detergent fiber combined with

protein; *ADF-ash: Acid detergent fiber combined with ash; %ash free ADF: Acid detergent fiber non combined with ash (ADF-ADF-

ash); °Chitin: ash free ADF-ADF-linked protein values within the same raw carrying different superscript letters (a, b) are statistically

significant at P-value<0.05 by Paired T-Test.

d1usvlsuiunsaezilu (Table 2) wuin
BSFL-O fAnsmesdilugniusyning 0.50-3.47% DM
waz BSFL-M fid1581319 0.78-3.79% DM lagil
Faf AU uwazyIlotduves BSFL-M (1.54 uaz 0.50%
DM snudsiu) A1gan1 (P<0.05) BSFL-O (1.41

way 0.78% DM anudau) vauziinsaasiluludniu

Y99 BSFL-O {1A151919 1.05-5.12% DM Ly BSFL-
M S@1581319 0.94-5.43% DM Tnefinsauoaurin
wosu waglnladuues BSFL-M (5.11, 1.93 uag
3.69% DM aud1au) dA1g9n77 (P<0.05) BSFL-O
(4.47, 1.70 waz 3.00% DM su&16U)
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Table 2 Amino acids (%DM) of black soldier fly from two drying methods

Item BSFL-O (n=3) BSFL-M (n=3) P-Value
Essential amino acid
Arginine 3.47+0.11 3.79+0.15 0.41
Histidine 1.41+0.06° 1.54+0.14° <0.05
Isoleucine 1.50+0.05 1.52+0.09 0.65
Leucine 2.84+0.10 3.02+0.03 0.09
Lysine 2.02+0.05 2.06+0.08 0.78
Methionine 2.90+0.10 2.91+0.61 0.88
Phenylalanine 1.39+0.06 1.48+0.11 0.22
Threonine 0.50+0.13° 0.78+1.77° <0.05
Valine 0.60+0.02 0.63+0.06 0.06
Non-essential amino acid
Alanine 3.75+0.19 4.00+0.04 0.37
Aspartic acid 4.47+0.19° 5.11+0.03° <0.05
Cystine 1.05+0.08 0.94+0.01 0.32
Glycine 1.14+0.04 1.26+0.02 0.09
Glutamic acid 5.12+0.24 5.43+0.25 0.12
Proline 2.62+0.05 2.50+0.01 0.36
Serine 1.70+0.08° 1.93+0.01° <0.05
Tyrosine 3.00+0.14° 3.69+0.07° <0.05

BSFL-O: black soldier fly drying by oven, BSFL-M: black soldier fly drying by microwave

Values within the same raw carrying different superscript letters (a, b) are statistically significant at P-value<0.05 by Paired T-Test.

Ansdasldlunaaanaaas (In vitro digestibility)  laTnguialu BSFL-O (88.77%) #1n77 (P<0.05)

Arnsesldvoslusiu Tnguis uag  BSFL-M (91.05 %) agslsdmrumainisgoals

duniginglunaeannass (Table 3) wudi An1s  Suniginglu BSFL-O waz BSFL-M luumnsnafiy

goulavoslusauly BSFL-O (86.80%) 1171 o198y

(P<0.05) BSFL-M (88.69%) WuLfgafufuaIn1seos

o

dAnsads (P>0.05)
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Table 3 In vitro digestibility (%) of black soldier fly two drying methods

In vitro digestibility BSFL-O (n=3) BSFL-M (n=3) P-value
Dry matter 88.77+0.26° 91.05+0.22° <0.05
Crude protein 86.80+0.32° 88.69+0.02° <0.05
Organic matter 87.39+1.44 88.64+1.15 0.36

BSFL-O: black soldier fly drying by oven, BSFL-M: black soldier fly drying by microwave, SEM: standard error of mean

Values within the same raw carrying different superscript letters (a, b) are statistically significant at P-value<0.05 by Paired T-Test.

350INANISIVY

NKNANSANYINAVDINTLUIUNTITVIN AT
faeddn1sevauseularlulasavveiuouLLaITY
anssemlnwuy nudalusauliwanssiuiosan
audeulyTuadousualulasiaud sldlunis
ANUINNIAILUSAY d0AAADINUITUNAADIVDY
Purnamasari et al. (2021) 71 #n¥IN1SVINUBULTS
nuI1 Ashmeuldiananea1nnsialulasiniian
TWsfiu 37.77 waz 37.71% DM sudwu Tuvausiien
Tagusislu BSFL-O fiA1gendilu BSFL-M o1a.duna
wann1seuldsreziiaruiudeilidnsgade
‘fmﬂ’ﬂaaﬂiﬂmn%qmiauﬁmLmauqzyl,ﬁmfmﬂfﬂ
84 63% wazdoilvuueuliddy ewiuiuazuds
(Purnamasari et al.,2021) AOAAR DIAUITUNARD
TupsedAinuimueuiisudisandeusidihnad
Famueundenwazuds luvaziinseusiglulasiom
T4 mdes Favusunesiauaziolyude 1iesan
lalasmidunistiarudeudiagelinisssune
auduldanardeatunisunda saulddannis
andiniinvendnduafld (Guing, 2018; Rakesh
and Datta, 2011) dwsuanlvsiulu BSFL-O (31.83%
DM) fesinninlu BSFL-M (32.01% DM) iilosanns
Thanuseuduszoziiaruiuvesnsavansouvinli
lyduaanevisearaigeonuIlIn @enRaINUNISANEN

994 Purnamasari et al. (2021) WU AUDULUAIIY

anefi ovandeaudluTusinilulasian (25.62 was
36.00% DM @U@0 U) LU ULABIAUAUNITAN U
Tschirer and Simon (2015) wu31n1sanalasiuwes
NUOUMLAYTUAEA8ANNSBU 60%. agvinlurladu
ganunInnIliALSeu 50%. wazdielirudou
Tusseznaniiisduusinallesufianaldasiiusuna
1nny dealilutulunuounasaneiiuualtiuanas
dusulsuunseezdlulunueuusasiuany
wdumdtanuamuedlusiuld Tasnszuaunish
wismgnsevanseunazlulasInevdmana UL
983n3AeEdlu INNTNARDINUINTADLI LU aRAY
v3lefiu nsalealAn wesulazlnladuves BSFL-O
flandnialu BSFL-M Fseraufunaunannisliai
Sowluszoznamnuililaswadwesnsaezdiugn

17 v

TangneANLSoukAEiiNanTEAUlAAN TN

v

W83 (Reducing sugar) 19U nglaa luujisen

=

i
#138n17 Maillard reaction (Nursten, 2005) dawali
USunaunsneziluanauazdiansiiianda Maillard
reaction products vt 1110 T W (Desrosiers and
Savoie, 1991; Yeung et al., 2006) @0AARBINUNTS
NAABIVDY Purnamasari et al. (2021) M1 USuav 04
nsneziluresmuauLasiuaefiousawmevansou
(Oven) Sasninflouselulasiov
nsmansgeelalunasanaasudunis
fraosnsdenvesdniielflumsusziiununiwyes
TanAunaznisdesldvoslavugit oy 91nua
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AsAn¥INUIIAINISERulalUSAUTDY BSFL-O dAn
#1131 BSFL-M Feoraidunasnannmsevanseutiu
Traueuduszoznauunilulasindsinar
Tnglaaiidussduszneululassainsves NDF luvin
Ufsenfunsnesiilu (Goering et al., 1973; Newkirk
et al., 2003) yilvdruveslulaiauaedusAusun
fudumeshmaimdiioglulaseasisues NDF daa
TWUSu1a NDF way NDF-link protein Lo 213w
(Pastuszeska et al., 2003) @8AARDINUNITNAABY
Tuafaiiinuinniseusudeusinavinlsd NDF uay NDF-
link protein Tu BSFL-O tindugsninnslilalasio
withoulwiiudunasununsiefuitesldannsodes
TUsAufisauegfu NDF uag NDF-link protein d@4ua
Tanisgeulalusaulusiidnianas (Kaewtapee
et al., 2017)

d3UNan15238

NITUIUNSIANNSDULNaR Ao N YUY
NMINENRAEANANILAYIE TIudsrInsEesla
vodlusiuluvasanaaes Misumegeuauioudzin
Tifansgadednwasnanieninwazniseuidu
syegliauuarylvUsInansaezdluanas Tuvee
finmseuwrilagldlulasinvisasdnuazmenienin
wazann1sgaidensnezdly ann1siiadfisen
Maillard reaction vi1#siU3u1au NDF-link protein
Aisndnaliainisdesldveddusivlunasanaaes
Lﬁﬂ@ﬂ%ﬂ Fofunszuaunsyudeielilasondadu
Snvilsuvamslumsnanrueuntiasiumeifinunin
dmsuldiluomsdniluszaugnamnisy agsls
AnuAsdnis@nwimeainisgeslaluiidninay
wszRunsasuimugandnsuld S uundalusiiu
Tuonmsmaly

AnRNIsHUZNA

n5ideatedldsunuaavuunsidouns
UTNNTTNINGNTNIIUNITITUUYNIIA (29.) La
VaUBUAMAIATYIE MIUID AMELNYAST
UMINENSINEATANERT INEwAUILIY TiEolile

annuntunisyinisgluasell
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Acute Toxicity of Ammonia on Tilapia Fingerling (Oreochromis niloticus)

Cultured at Different pH Levels
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Acute toxicity of ammonia on tilapia fingerling (Oreochromis niloticus) cultured at pH 5, 7 and
9 was studied by using static bioassay methods to determine the median lethal concentration of
ammonia that kill haft of tilapia fingerling population within 24 hours (24-hr LCs,). Ten tilapia fingerings
with average size of 3 cm were placed in a 2.5 | test jar containing 2 | of water. Treatments which
included 3 levels of pH 5, 7 and 9. Behavior and mortality rate of tilapia fingerings were observed in this
studied within 24 hours. Probit analysis was performed for evaluating the median lethal concentration.
The 24-hr LCs, of ammonia at pH 5, 7 and 9 were found to be 2.35 (1.07-5.21), 10.54 (6.34-18.76 and
1.56 (0.72-3.43) ppm respectively. The results from this study showed that different pH levels had an
effect on levels of ammonia toxicity and mortality rate of tilapia fingerling. At pH 9, ammonia was most

toxic to tilapia fingerling, followed by pH 5 and 7, respectively.

Keywords: acute toxicity, ammonia, pH, tilapia fingerling

n1sAnwfwiRgunauvekaluiilesogn
Uanda (Oreochromis niloticus) dedusyau pH
5,7 WAy 9 Tnel435815 AW uuuLnie (Static
bioassay) ilemszauaududuveaweludedivh

IﬁQﬂUmﬁamaﬂ?Wﬁﬂ (Median lethal concentration)

meluszezaan 24 909 (24-hr LCsy) nnsvnaes
Imaﬁﬂqﬂﬂmﬁa%ummmmaLaﬁa 3 9. ldlulua
NAABIVUIAAINY 2.5 8015 (10 A7/lna) Uﬁiﬁ;ﬁjﬂ 2
G035 A1l pH 3 sedu Tdun pH 5, 7 uag 9 dune
neANIINLATENIIN1TANEveIgnUatdaniely
Szzan 24 %"ﬂmﬁﬂmmmﬂ'wmmLsﬁusﬁuﬁﬁﬂﬁgﬂ

Yalan1eas It an8n1534A5181 Ll USUN (Probit
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analysis) W31 596U pH 5, 7 wag 9 A1 24-hr
LCs v0suanluilowinAy 2.35 (1.07-5.21), 10.54
(6.30-18.76 Way 1.56 (0.72-3.43) ppm AUAIAU KA
nmsAnundaiiuandiifiuinsedu pH fiuaneis
fullnasennuduiivveseuluilouagdnsinisane
vesgnuatila laeseau pH 9 agvilvueuluie
ﬁmmLﬂuﬁwﬁaqﬂﬂmﬁammﬁqﬂ FO9RINIAD TTAU
pH 5 1ag 7 Muasu

AdnAty:  Mwdeunau wedlulle pH gnuania
A1

Yanfla (Oreochromis niloticus) fo1 1y
Uaasughafiddyriamiessemalneddnuus
Wi Ao diuiaidn d1dandne dunuiuazdinisaun
Uuusenug iielildnanangs Tudagouiinindes
Uardasgrsunsnate waziiieidunisiiunands
inwnsnsiainidssandalusamanumuiiiugeds
Huaunglianminadeunelutodssdanuden
InsuasaInnsarauvedenine1msinasnayas
Furevesdn filuguvesansuszneululasiauiiiu
fiwseuan o wonluiouaglulnsvidsazeelugui
duiiwinndefidraadunsa-ans (oH) ety
(Nonwachai and Wanjing, 2016)

wosludleiduansusznevlulasiouiidudiv
sadniu \inainnisgesaaedunigiiuiainnis
Tuninevesdsiidin e1nvesdediTinfiaouds uay
ownsdnithiludonndns wesluiflefinueglutiay
wiaduaesguuuvde wenlade (NH,) Fadufivsieo
Ffh wazuenlandoudesy (NH™) Feliifuveie

dndun lumsiaweululleniluagiasiunsasssy

anuduivrosueuluievsuegiuan pH gl

warUSunanndeus TneUsuanenludeasiiiviy
PuA pH wargangifigatu WeumamenTude
Tuthged uagiinasilinisdudreuenludsvostan
iladegas iliiAnn1sazauvesweuluiyludon
waziileide dwaliiovvendonfiady uonani
worludedaduanmaliidodens q [4eandiau
unnTy uazanALaInsavesdenlunisuuds
sondiou wonludelumnududusydus 7ildviali
Uamefinavilninnisiasulameniedeves
1o da selnsess wazldonveslal waznililan
DOULD AnlIATIBkazNITIAT LA ulnanas
(Thongdon-A, 2013) fikuandinisfnwfiwdeundu
voaweuluileludniivanenudse Wy nsdne
294 Keratethaweesuk et al. (2013) wua1A1 LCs,
vosmeuludesevanfiadi 24 Flusiidwindu 42.78
(39.89-45.67) ppm Prasertsom (2004) ¥INN15Maa94
Muidsunduvesiauluiiefnagnuaingniazivuig
3.7 17) lunan 24, 48, 72 war 96 Falug wuin A
LCso voshaulufio-lulnsiau (NHs-N) daviniu
1.28, 1.14, 0.96 wag 0.78 ppm A1ua1aulaglaA
anududuiiuasnste (Safe concentration) Wi
0.064, 0.057, 0.048 U@z 0.039 pprm AMEINY Haid
nuidsdiulngazifunis@nufiwidsunduves
wonladeesegrunalagluladnwianudunusg
syurinsenliilouagAn pH
Fadunsfnwiaded asdunnsfnuiiie
deunduvowesluisrognuaiaidsdusydu pH
aratu aeluszeziian 24 §2lus i el i uds
AMUFNRUSsensleuluilalag pH Nea1nASANE
adatlinunsnadiF ssuanannsndludszgndldiile
v uA un U luy ald selwimansaus onns
Wi ulnnazdnsinissennsvesdaiun ity

UseavSamlunsiaesdn i lidszaupnudnsasel
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A5AIUN15IY

ASATENENINAADY

ﬁwqﬂﬂmﬁammmuaa‘”h 3 LYUALUAT
$1uau 3,000 1 ANUMAIT e RUg UM AT e
aviesnd winliluddluwesnatavuin 500 dns \Ju
svpzaan 3 Su LieuSuann Themns 2 feseu
(11-18w) dnstieendiaunasniial nauvinnig

7AABIILIADINITNOUNITNARDY 1 TU

nswSEun

tiUssdn @vilidsirainnaeduwdn
nyadeunaniu Anndnlngldynneaeunasiu)
USusedu pH Wildsedu pH fisedu 5, 7 uax 9 lay
19'a19 CH;COOH (Acetic acid) Tun1sanszau pH
warld Sodium hydroxidelunisiinsediu pH w3ey
ild dalwiuednana vuam 500 Aas nedes 9 L
ansfilddmsuususedu pH asludauldsedu pH
fifaen1s Tasesu pH 1neld pH meter (pH meter
ORION Model 5a520) lunsiae pH Aouthululd
Tunsvaaes

nsinseunauluisau

ounenludounaslssd (NH,C) gangd
105 serngaLdoaduiaan 30 undt 7 aliiduly
Tngeanutiu anduniouansaratonnsgu (Stock
solution) vasuauluide lnsavatoueuluid vy
aaolse 38.2 ndulutndu 1 ans Idansazanedi
AMUINTY 10,000 uA./an5 Ammonia-N wagyinli
Forudeiiwiendmiunaasdildanududu
yoweululonuiigosnis (Nonwachai, 2012) Ing
dans

(N,V;) Stock solution = (N,V,) Dilution

N = AMLTUYDaEnTazals (mg/l ammonia-N)
V = Ysunmsvesansazane (miheaduliedans)

n1sAnwNedsunauveuanlulissagnuaniia
faeslusziu pH Aredy 3 szau melussezinan
24 43%9

thgnuandlaumaasaiiteviAranandudy
vosuanluiefivhlidninaasang 50 Wosidus
aeluszezinag 24 Talualagld3339%msziuuy
vhils (Static bioassay) M1135989 American Public
Health Association [APHA] (1992) n15na a4
Usznaude 2 supeu Taun
nsnAaestudy (Range finding test)

MITLAUATNTULIINTN ADTEAUAIM
dutushgadivinlsignuanianie 100 Wesidusiuas
seiuaututugegaiilignuaniaddinsenne
100 Wasidus melusseziaa 24 $alus Tneiuun
mududuveenlufooondu 15 seeu fail

pH 5 oA 0 (yAIuAL), 0.05, 0.1, 0.5, 1,
5, 10, 15, 20, 25, 30, 35, 40, 45 uaz 50 ppm

pH 7 oA 0 (ynaauAw), 0.05, 0.1, 0.5, 1,
5, 10, 15, 20, 25, 30, 35, 40, 45 uaz 50 ppm

pH 9 oA 0 (yAIuAL), 0.05, 0.1, 0.5, 1,
5, 10, 15, 20, 25, 30, 35, 40, 45 uaz 50 ppm

nrsnaasslagiuarsuenluiidelulva
NAREIVUINA 2.5 ans T lduuszuiusuAn pH
e 3 sgAU USann 2 8ns Mé’qmm&fuﬂlégﬂﬂmﬁa
atldvaaz 10 /1 Tunnlnamiuaudsuiaesndiau
Iﬁagjﬁ 4 1N./89T MRDATTHZIIAINITNARDY LAY
AUt wN1sAaD 3 91 dunauaruiinea
F1nugnuandadinnenielu 24 §alus Tneldinasi
nsfaduindninaasinisannismgaind oulm
(Throp and Lake, 1974) tharaududuiildludn
seduaududuiivnsadlunisnastegwazden
okl
N1sNAABLRE1NazIen (Definitive test)

FaszAuanutuduisegludisiignania

] 3 & v
TAMLLAEANY 100 LUBILIUAIINAITNAABIVUAY
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ilemseiuaadutuvosuesludefivilignuan
fameons wmidaniely 24 Falus Tnensinans
naaeIt uRuLTRsERUAUT uT U swanlu e
panilu 7 szaulneldiSaoniiiiuluurazsyau pH
20}
pH 5 el 0 (¥nAauAw), 0.1, 0.34, 1.15,

3.90, 13.25 uag 45 ppm

pH 7 laud 0 (@naunw), 1, 2.19, 4.79,
10.46, 22.85 way 50 ppm

pH 9 oA 0 (ynAuAa), 0.05, 0.18, 0.65,
2.33, 8.39 way 30 ppm

¥nsmeas Ui gafunsnaaet udy
Lﬁal,a%éumﬁmaaqﬁwLU@%L%uéimimasuaaQﬂUm
HJaluusagszauanuautuluaulumia1n
uduilvinlignuaniianie 50 wWesidus aelu 24
F3l09 (24-hr LCso) Tmonsitasnzsinuulusdnmy

A5U94 Finney (1971)
NaN133UaI50]
s it wasunduesenliiieregnuanila

desluszau pH a9 3 s2au AN 5, 7 wag 9

meluszezian 24 93119 WU AINNNSNAABIVURUY

sefuAIdutuigavosuenluiofseiu pH 5, 7
way 9 fvilvlanane 100 wWesidud danvindu 4s,
50 kag 30 ppm AMNEIAY LATIEAUAIULTUTY
gagaveanenludedivilgnuandasennie 100
Woskdus IAiAv 0.1, 1 uag 0.05 ppm ALEIRU
(Table 1) wiotheniildudnseduanududulunis
naasstuaziden InginuanauLdud uveq
wasluflefisydu pH 5 senidu 7 sz dun 0, 0.1,
0.34, 1.15, 3.90, 13.25 uag 45 ppm wuirgnuanila
19m351N15A18@zauLv1iyu 0.00+0.00, 0.00+0.00,
36.67+5.77, 36.67+5.77, 56.66+5.77, 80.00+10.00
way 100.00+0.00 LWasidud amua1du fvuaaw
Wutuvewenludefisedu pH 7 sandu 7 sedu
Taun 0,1,2.29, 4.79, 10.46, 22.85 wag 50 ppm
WU enITIN1sANEazauvegnuatdamiiy
0.00+0.00, 0.00+0.00, 20.00+10.00, 36.67+5.77,
46.66+5.77, 66.66+5.77 Waz 100.0020.00 LUasLHus
AINAIAU LaZNINUAAIIULT Ut UV LN TuLTlY
fisvsu pH 9 sendu 7 szu Iéud 0.05, 0.18, 0.65,
2.33,8.39 uay 30 ppm WUIIHENIINTAL AT L
vo9gnUa1dain1nu 0.00+0.00, 0.00+0.00,
23.33+5.77, 30.00+10.00, 50.00+£10.00, 83.33+11.55

waz 100.00+0.00 Wasidus suaisu (Table 2)

Table 1 Cumulative mortality of Tilapia fingerling (Oreochromis niloticus) after exposure

to ammonia at pH 5, 7 and 9 for 24 hours (range finding test)

Ammonia Replication Total Average Percent
(ppm) 1 2 3
pH 5
0 (control) 0 0 0 0 0.00 0.00+0.00
0.05 0 0 0 0 0.00 0.00+0.00
0.1 0 0 0 0 0.00 0.00+0.00
0.5 1 0 1 2 0.67 6.67+0.58
1 3 1 2 6 2.00 20.00+1.00
5 a4 2 3 9 3.00 30.00+1.00
10 5 3 5 13 4.33 43.33+1.15
15 6 4 6 16 5.33 53.33+1.15
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Table 1 (Continued)

Ammonia Replication Total Average Percent
(ppm) 1 2 3
20 6 5 7 18 6.00 60.00+1.00
25 7 6 8 21 7.00 70.00+1.00
30 7 7 8 22 7.33 73.33+0.58
35 8 8 9 25 8.33 83.33+0.58
40 9 9 9 27 9.00 90.00+0.00
a5 10 10 10 30 10.00 100.00+0.00
50 10 10 10 30 10.00 100.00+0.00
pH 7

0 (control) 0 0 0 0 0.00 0.00+0.00
0.05 0 0 0 0 0.00 0.00+0.00
0.1 0 0 0 0 0.00 0.00+0.00
0.5 0 0 0 0 0.00 0.00+0.00
1 0 0 0 0 0.00 0.00+0.00
5 1 1 2 4 1.33 13.33+0.58
10 1 2 2 5 1.67 16.67+0.58
15 2 3 3 8 2,67 26.67+0.58
20 3 a4 5 12 4.00 40.00+1.00
25 5 [ 5 14 a.67 46.67+0.58
30 6 5 7 18 6.00 60.00+1.00
35 7 6 8 21 7.00 70.00+1.00
40 8 9 8 25 8.33 83.33+0.58
a5 9 9 9 27 9.00 90.00+0.00
50 10 10 10 30 10.00 100.00+0.00

pH9

0 (control) 0 0 0 0 0.00 0.00+0.00
0.05 0 0 0 0 0.00 0.00+0.00
0.1 0 1 0 1 0.33 3.33+0.58
0.5 1 1 2 4 1.33 13.33+0.58
1 2 3 a4 9 3.00 30.00+1.00
5 a4 3 3 10 3.33 33.33+0.58
10 4 5 6 15 5.00 50.00+1.00
15 5 6 5 16 533 53.33+0.58
20 6 7 7 20 6.67 66.67+0.58
25 9 8 8 25 8.33 83.33+0.58
30 10 10 10 30 10.00 100.00+0.00
35 10 10 10 30 10.00 100.00+0.00
40 10 10 10 30 10.00 100.00+0.00
a5 10 10 10 30 10.00 100.00+0.00
50 10 10 10 30 10.00 100.00+0.00
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Table 2 Cumulative mortality of Tilapia fingerling (Oreochromis niloticus) after exposure

to ammonia at pH 5, 7 and 9 for 24 hours (definitive test)

Ammonia (ppm) Replication Total Average Percent
1 2 3
pH 5
0 (control) 0 0 0 0 0.00 0.00+0.00
0.1 0 0 0 0 0.00 0.00+0.00
0.34 [ 3 3 10 3.33 33.33+0.58
1.15 4 a4 3 11 3.67 36.67+0.58
3.90 6 5 6 17 5.67 56.67+0.58
13.25 7 8 7 22 7.33 73.33+£0.58
45 10 10 10 30 10.00 100.00+0.00
pH 7
0 (control) 0 0 0 0 0.00 0.00+0.00
1 0 0 0 0 0.00 0.00+0.00
2.19 1 2 3 6 2.00 20.00+1.00
4.79 3 a a 11 3.67 36.67+0.58
10.46 5 5 4 14 4.67 46.67+0.58
22.85 7 6 7 20 6.67 66.67+0.58
50 10 10 10 30 10.00 100.00+0.00
pH 9
0 (control) 0 0 0 0 0.00 0.00+0.00
0.05 0 0 0 0 0.00 0.00+0.00
0.18 2 3 2 7 2.33 23.33+0.58
0.65 4 3 2 9 3.00 30.00+1.00
2.33 5 6 a 15 5.00 50.00+1.00
8.39 7 9 9 25 8.33 83.33+1.15
30 10 10 10 30 10.00 100.00+0.00

Weudesidudnmsnnsvesgnuanialy
uwiazssiuanudi S AP uTivh T
gnuandlanie 50 Wesidud nelu 24 Falus wui
AN 24-hr LCs, GanLLaaﬂ:uLﬁwfaqﬂﬂmﬁaﬁlﬁyaﬂu
s¥fU pH 9 dedeufign winfu 1.56 (0.72-3.43)
ppm 5838931 THuA SERU pH 5 way 7 Sl A 24-
hr LCsp L1110 2.35 (1.07-5.21) Wwag 10.54 (6.34-
18.76) ppm auaaU (Table 3) wansliiiuingeiu
pH 9 azvilviuenludedanuduiiviegnuaiia

1NFign 5898917 Ao 58FU pH 5 waz 7 AwEIRY
navnmsAnTASTIu msdsuUamessau
pH duasaanuduiwueswonluiile uagdnsinis
mevesgnuanila luvazAns@nvinountiaziy
nsAnwlanIsiwdsunaureskonlideieslade
A8 LYW Keratethaweesuk et al. (2013) 518971
anuduiiwideunduvesueuluielugnuaiia
fdmidniedas 0.23 ndu wunilen 2a-hr LCsp WN11U
42.78 (39.89-45.67) ppm Kaewmanee (2009)
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eauanuduivuesweuludelugnuana
YuIARAE 0.23 ndu fiA1 24-hr LCsy vasuanlunile
WinAU 40.66 (39.53-41.83) ppm Chervinski (1982)
F1891871uTNTuresLenluLile 2.4 ppm vl
Uanflame 50 Wesidus luvian 48 Falus Robert
et al. (1978) AnwiNwdsunauvesuwenlutislulan

cutthroat trout (Salmo clarki) ua 1-3 ¢ WUI1AN

LCso 2A198 521119 0.5-0.8 ppm Tuszeziian 96 wl.
Y

wag 0.3-0.6 ppm Tu 36 Tu Feaziiulaaian LCs

vosnauludenodniuienadinnuunneenug i

ANNANIINYTALALVUIAVDITATU TIUN

S2eznANBIUN1TNAaDY

Table 3 The 24-hr LCs, of ammonia on Tilapia fingerling (Oreochromis niloticus) at pH 5, 7 and 9

pH LCsg Lower limit Upper limit
(ppm) (ppm) (ppm)
5 2.35 1.07 5.21
7 10.54 6.34 18.76
9 1.56 0.72 3.43

Uantlaanaunsanume pH 581113 4.0-11.0 te
WU’jwmﬁlLWWﬁM@ﬂﬁLﬁ@ﬁUIM@Qwwj'm 7.0-
10.0 (Hiranwattana et al., 1993; Kongprasert, 2000)
fin pH 58m319 9-11 el iindmsesaiulei
AR89 War¥IA pH AAWINNIMIBWMNAY 11 Agvinli
Aaennduiviedmituazylidaiimels (Boyd
and Tucker, 1998) @1 pH iszsutiosndn 6.5 axilna
Wldamdedniiildsunsdudadunany fin
annegn1ssaiulndvs elinavinaneseuuAuRug
yasdnimaniu wazmnan pH szduiiannti 4 ez
wlvrdnieeld pH (Boyd, 1982) wenanil pH &l
navedenliinenuuiivsodn i Dent (1986) ¢
51897319 52AU pH A AT rav iU U
avglidendoou (AP) mandeeu (Fe*) uay
Telasiaudalis (H,S) Fadudeautazasussnoudia
mwmﬂuﬁwﬁaﬁmiﬁfﬂazmsJag'mﬂﬂdﬂuizﬁU pH
figenin

nnsinmadsiinuinssiumududures
wenluflefivinlfgnuandiaiidedusedu pH 5, 7 uag
9 AnnsmessiissiumudLiuSutous 0.5, 5 uas

0.1 ppm AUEIRU Imaqﬂﬂmﬁaﬁﬁaﬂuizé’u pH 7
efimnamumusensisuntasvesueslandennn
flan lunedignuanfidedusedu pH 9 uag 5 9¢d
Sasnsnevosgnuaniigenin Wil esanfisyay
pH 9 fmzuL‘T;JuﬁmaqLLauIMLﬁEJ%ﬁmqﬁu M7 pH
ﬁuaﬁwqﬁu LLE]ZJI&ILﬁEJ%L‘lJ?i'EJuVLIJE]@jiugﬂﬁﬂuﬁwmﬂ
F1u #0 NH5 19 Tisedy pH 7.4 fUinaueuludodiey
Tusuilfuiusedniin 1.73 Wesidus \flo pH Wisdu
fiszau 8.4 wuindawenluileffuRwannnin pH
7.4 89 8 Wi luvauefivsinauenludorudiawindy
woulanil o 1 duf vl ufuUS U ammonia-N, pH,
AR wazgnmgil (Nonwachai, 2012) 7i5eiu pH
5 wiagldviluenludedanuduiwdady ualy
suu pH 5 Tudusssuitlidomnvautumsidesderii
Lﬁaqmmﬂﬁwﬁmmﬂummqa Usznaufuidievan
Iesunesludlelussivanududuiias Suhlignuan

Yo & g P~
faldsunansznuieann pH Mdunsanazuonlaie

D

[ {

Avhdunseseitiedani q vesUan ilvgnuaniia

199 5ININENFITORWANTLAY pH 9
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Chen and Cheng (1993) 5189111 Woulutily
fisgFuaududy 0.4 pom au1savi i wnele
aeluszeinan 10 929%ue Wajsbrot et al. (1991)
FeuAIRNL LT uesenlideululnsaulag
wouluidodass (NHeN) 7 Yasadodimsudan
Seabream (Sparus aurata) 17 7 1.2 wag 0.064 ppm
MUAINU Mac Intrye et al. (2008) las1891uA1AN
Uaenstusadn il eduiatunonlande (NHy) wuy
Intermittent uazASTLi7 0.05 waz 0.03 ppm ALY
uanani i oanuiduduresuenlusluiigadu
AzdinavinlinistuansueuluiisvesUawiladesas
Aansavauveesluieludenuasifode duwali
pH veudoniivty dwednansznureufAsendund
$14 9 wazALAsEn nvend ol e \usunsede
wienswdudeys q imihiaadlondnagusn
Tngagludnrnsmsuanideufingeendiauainvien
dasuvlvaiouladio uwaznelilinnsszAneLAed
sioRilsdniin vliAnuIAmE Wy wanay Lin
nLdonduns fsostudus uandulsaiamieing q
Hud dwalideriideue Wanmsindeanlsavin
w1 9 waevhlsdniaeluiian uenanduaniilasu
wenldleluszauiigainly asfuiisemevausssiny
wofnssy nevanagiinisied eulmdias waeiinae
aaaﬁa%umma%ag’u’%nmﬁaﬁn UShuaivisensu
azdusesuns wlond sududdenauavenadl
Fonoon Uanazvgaiuesuazazindoulmiiosas
(Laongsirwong et al, 2000; Chansue, 2010; Thongdon-A,
2013) sieumndn i duifatusenlaniefifiaududy
aeiliiSmmmemefigedunailude

Yoiwzid sedad ulusssuef v una
werlufleaziimadsuuasmunuautfvesnii 1y
nsarvauveadenelute newnsvide Adfudeves
doii videunasineuiime TnsniswasunlanSina
worludeluthesil nsavaui ud ueg9dn 9

syggnaluNsaes inlvdmiunanunsaususlmaniu

Unauesluiflenuasuudasluls ssfummududu
vosuonluilofivilvdnine Unfoglurag 0420
ppm Tug U9 NH; (Limsuwan, 2000) Uani og/Tutin
ﬁﬁLL@@JI:MLﬁaqqLLﬁlﬁﬁqsgﬁUﬁﬁﬂﬁmamu 5 LA
hsemsdatsasns o seiusedludghnid ssaitald
AIsHALLAY 0.5 ppm (Asawaketmanee, 2006)
PNMTFANANgAnTILvRsgnUalla wuinan
Uanilafiaesluszdu pH 5 uay 9 7ildsusenludadle
Wl 2 F9las gnuaniaazdmstuidensenunidu
$runn Sn1saosiatummelavinuion wasd
n3ievnAsering daugnuandiafifdusedu pH 7
anUafiaasiimsanevituumelainaig 013
Frenuunsaiiu uilinunistuidenvesgnuan
uonnidmuiwienvesgnuanfafildsunenlade
Tussfuemududugeasiinaudoudiduiamg dou
anvarlunenugu Uanfidedudiiineusussdu pH
wiilsifinslduelinle) wuingnuaneddsdusesu
pH 5 war 9 gnuanaziinstuillensenuuaziinisaes
st unmglaudnaAnd udaglinunismevesgn
UanaensreznamIvnaes daugnuaniaiidedy
58U pH 7 wuth gnuanfinisiedidudnfvagling
M3METBIRNUaINABATEELIANTNARDS
mamzdesdriilutantudunamades
fufumstsesgnuanasd ssludnsammuiuiugs
delsldnandnUiunasnn nadsdusuiuuiineesns
Fuduezdediomnsiutiasnn dwalidnisandns
vosonamidonislute sauvad stunevesdaii
FUUN %Q%LUS'sthaaﬂugﬂ*uamamImLﬁa NN
nsdnmsinagsilsiAnsansenusedeitiinun Ta
Tugssgwinmad ssSinauenludesmdannsn
m’;ﬁmlﬁ”%aq'ﬁ 1.5 ppm Ware13a9d4 3.1 ppm
(Nonwachai and Wanjing, 2016) Usgnaufiudinensng
ildeunuamamiilasangludues pH gl
spiufivnzan axvhlianiisnsnssenmedidana

Tnunsnslanandaialidulusuivne
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d5UNan1sAY

MnnsAnwIAseinuIINsUasuLUawe
56U pH finaneauduivveseuluiile uavdns
nsaevesgnuaiida lauseau pH 9 awvinlv
weuludodanuduiiurognuardanind an
5098931 AD S¥AU pH 5 wag 7 1neA1 24-hr LCs, 989
wenTdlesiognuandafidedlusedu pH 9, 5 uay 7
dAwniu 1.56 (0.72-3.43), 2.35 (1.07-5.21) uaz
10.54 (6.34-18.76) ppm Aua1dy sratulunis
WA ssdaiinarsaunuuTiauuenlaie uwaz
5¥AU pH I‘u‘u'aLﬁymﬁmiﬁﬂﬁa&ﬂumm%ﬁmmza:u
odestululidniinlasusunsie wagiilinis

WL ALIER IULARUSEANS MNwaz AU Y
AnRnssuUsENA

AT vevBUAAMEINALULAE NSINYAS
WATRAAIUNTTUNYAT UNINeIdenalulag 51
WIPRAITIUNN AuGHuAT1 Natuayunisidaunsal

waranIuNlunsvinIdsluasall
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on Tail Regeneration of Siamese Fighting Fish (Betta splendens)
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The objective of this research was to study the optimal concentration of tannin extract from
Terminalia catappa leaves on tail regeneration of Siamese fighting fish (Betta splendens). The
experiment was divided into two experiments. The first experiment was performed the optimal
concentration of the tannin extract from Terminalia catappa \eaves on tail regeneration in the Siamese
fighting fish. The caudal fin of the Siamese fighting fish was cut off and cultured in the tannin extract
from Terminalia catappa \eaves at the concentration of 0, 5, 10, 20 and 40 ppm. Treatment with each
concentration was repeated 3 times over 5 weeks. The results showed that the Siamese fighting fish
soaked in 40 ppm tannin extract had the fastest tail regeneration rate (p<0.05) comparing to the other
experiments. The second experiment was to investigate the optimal concentration of the tannin extract
from Terminalia catappa \eaves at the concentration of 0, 5, 10, 20 and 40 ppm in combination with
1 percent sodium chloride (NaCl). This experiment was repeated 3 times. The results revealed that the
combination of 1 percent sodium chloride and tannin extract from Terminalia catappa \eaves 40 ppm
showed the highest tail regeneration rate of the Siamese fighting fish (p<0.05) comparing to the control
experiments (100 percent within 3 weeks). Therefore, the optimal concentration of the tannin extract
from Terminalia catappa leaves resulting in the fastest tail regeneration of the Siamese fighting fish was
40 ppm. Besides, the tannin extract should be combined with 1 percent sodium chloride for the best

result.

Keywords: tannin, Terminalia catappa, tail regeneration, concentration, Siamese fighting fish
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wnudlu Ao 0, 5, 10, 20 kag 40 ppm AILTUTUAY
361 1Juszezaan 5 Uav nan1sAnINUIn
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Wisuifeufugamunu fadu asdudufivaneas
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UMD FIBTNBIVIANE Y3RDINITUIAEY
gaaailivamesneinisuinduiadu way
ansaldlalagliinatradedlag (Purivirojkul and
Areechon, 2006) #51891un15@n¥1N151Eluyne
(Terminalia catappa L.) Wil a3nwuaunauazlse
Tudaniin (Ko-sing et al,, 2018) \iieatiuayuuAn
wazitynywiesduvesinedidnsliluyndunis
Fosantaunidunaiuy (Ponpornpisit et al., 2006)
fiafinnnnisAnsasdusznaumanivadluyning
nuI1 4101 Cellulose, Lignin, Pentosan, Alkaloid
wawdlUSunauansuvuilu (Tannins) eejiie 12.67 wWesiius
(Puttamat and Suwannasarn, 2007) lag@1shnuiy
flFanlugniailfiseaudt awsagisuiulge
@mmwﬁﬂﬁﬁimmmwﬁﬂmﬂﬁﬁwﬂd'wmmg’mﬂé’um
AAFINIIANINTFIUAINUA LAz I8anUTuw
wuaiseiivudeuluildnunlunely 21 5u Tne
laifinasiogamgd én pH Msazangveseendiauluih
wazUsuavesoanesaluu vausiusuna
wonlutouaslulansvidaianas (Puttamat and
Suwannasarn, 2007; Pimolrat et al., 2018) WuLfennu
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5789183 Ponpornpisit et al. (2006) fidnwn1sld
TupnnaitesnulsaluvanfnuazUanmaunganuin
iharalugniefianudufivdevartauazuaimig
uﬂgqﬁisﬁummm’msﬁu 6,760 ppm Wag 5,281 ppm
pudrfy lnsseduaududui iataluyna
aunsadudwuaiseriaueslsluwua ansuls
peAnd wazlustadumnsiladiun windu 1,000, 4,000
way 2,000 ppm Auasy luureadeaziinnsldly
ynnasmAuindeunsiierududy 0.3-1 wWesidus
\ethuanAATenTeIUa1a NIy N15TIUTIN
AMIRRvLIALaYNITILES Tedlmssndeaiinase
H0OUMNNY IuLﬁamﬁﬁmmﬁwﬁ’zy@iamsmuqmsw
aunalus19nie (Chanratchakool et al., 1988;
Mahasawasde and Limsuwan, 1989) wsiagnalsfinia
ToyaiAsriuamnaduduiivansanvosarsunuiy
ﬁlﬁmﬂﬁﬂmﬂmwaﬁm Wiernsnwenisundu
yosanin WiesnwuinuaiiAnannseediures
Uaniadsfiogion fajuinguszasdvasenidoie
3@ NIAMIT T Ui muzauveaUs I aunL iy
NETaialuynig ot ldsnuuinuraves
Uarimeg1agnis Sniedudunisldarsataann
535UMRNISNI0INSUIAL VTR sUAAALNUAISLE
suarvasaild s0199and1dlulan u3eunas

53TV
guUnsaluazIsns

nsnseudninaaas

wignUaiamwAgIIuIL 15 d7 AN
|28y 4+057 lwufuns umidneds 3+0.34 ndu
NNTUYAIARVDIUIGEUNT WUVIT BNNOVIVUL
farfnasingiond Sumzdsaaninuainwous

Aoty ordveglutoidentu thandsdulanan
3un 10.16x10.16x20.32 Wwufins iu3umsih 1
dns vnisinlsavaniloUSuanimuazinIsumiy
nsouvesdninnassduian 2 §Uanv neunis
naaes neliomadugniududs Yuae 2 ads e
Sunsmeasssndunisianistalaerinnisaa
gMvenIaIfaLAdIuatevenenns (Caudal
peduncle) fsUa1uATUNIN (Homocercal) anUuiin
wassndruiitnenesnunandaisnenns senluli
widoUszana 0.33 lwufiwnes Tunisvnaesdi 1 uway
wiasUszann 0.23 lwuiuns Tunisneassdi 2 (4
Uangalua) adlundaganud uduvesarsade
wuiuezuenidesanialnaay 1§ mnududuay 3
ia Wanlunisnaaesdl 1 nanvewsiifentuede
agluvaieriuwarinisAnuenvuialilnaifesiu
mmﬁ'qm yauzfivarlunismaaesi 2 anifuauaz
AseuAITUNITNAaDIT 1 Fuduanunlininuen

294n159amsbiviniulunmAazn1sneasg)

nsafagsunuiuanlunnang

Aulugneuiainéailiasenuagi
Tuynneilelueuuisludeuiigamgdl 40-45 °C
Uszana 6 92lus witeannaud u (1deanqn 10
Wosidumnasgiuuis) anduirlugnneitldangs
T Iuudnudiludaimin 20 nfu devhavers
USu1ms 1,000 fiaddans drldannnigninuseunia
2871599 Pimolrat et al. (2018) lngnislgniusou
Uszana 80-90 °C Taanlunisadnuiu 30 wift e
ATULIANT MU sdudndeg e asatnd L
USums 1 fiaddns wiethluieszsimusuaniy
Wuduisudy vesansunuiuniuisnisaes AOAC
(1990)
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N3 NUHUNITNIAADY
= = y v o
N1MAARN 1 N AMUTNIUINNZANYDIHT
wiutuanlugneaindesnsnMienvamsuain
nsAnwasadlaseniuunIeaeIwuUdy
naona (Completely Randomize Design; CRD) lae
wian1svaaeseendu 5 ¥an13naass (Treatment)
YANARBIAE 3 U1 9 ar 1 i1 (Replication) fsil
YANITNAae 1 ldanudutuvesansann
wnufiuanluynine 0 ppm (YnAIUAL)
YNNG 2 ldanudutuvesansann
unuiuanlurnang 5 ppm
Y
YAN1INAaRIN 3 ldaududuresansann
unuiuanluyrnang 10 ppm
Y
YNNG 4 ldanudutuvesansann
unuiuanluyrnang 20 ppm
Y
YNNG 5 ldanudutuvesansann

unuiuanluyrnang 40 ppm
Y

a = Yy A ¢ & ¢
n1smeaaei 2 n1sAnwinsidindawns 1 wWasidua
saufvarsanaunuiuanlunnineaududy
AN UABINTINTTIBNVBMIUANA

nsAnwasadlaseniuunIsaaeIwuudy
naon (Completely Randomized Design; CRD) 1ag
wUan1snaasdeendu 5 ¥an15vaass (Treatment)
YANARBIaE 3 U1 9 ar 1 i1 (Replication) fsil
YANIIAae 1 ldanudutuvesansann
a I~ § (3
wiuiuainlunning 0 ppm wazinde 1 1Wasigud
(YnAIUAL)
AN1INAaedn 2 ldanududuresansane
wuduaInluynae 5 ppm uazinde 1 1Wesidud
AN1INAaedn 3 ldanududuresansane
a A § < (3
wuiiuannluynane 10 ppm waginde 1 wWesidud
AN1INAaedn 4 ldanududuresansane

wiuduainluynang 20 ppm wazinde 1 wWesidud

YAN1MAaean 5 ldanududuresansann

wnuduaInluyning 40 ppm wawnde 1 wWesiiug

msiiudeyanaztuiinua

TngluusiaedunniAin 0,1,2, 3,4 waz 5
agMIFulann T inALYeIRTUINALiE MY
Sasnssentuuluivewnaartannanududy
yn1snsaannsuaznndalagld Venire caliper

| Id a
PUILUULYURLNAT

nsAATIEdayanIeEinA

U T9YAAINEIIVBINIY kAEBRNTINTION
oI UaNALAaEdUAALNILATIZAAULANAIS
N19@ AVDIR LU IABTINA8NITILATIZ AL
WUTUTIULUULINLIINIAEY (One-Way Analysis
of Variance: ANOVA) A8 uaI18Lana 9@ Laae
299721Us 10838 Duncan’s Multiple Range Test i
seauAIId e uf 95 Wesidus daelusunsy
ﬁ’]lﬁﬁlg‘d SPSS version 25

NAN15ILLAZ AT

ANSANEIAMUTUTUNAUNZ FNVDIFNTUNULUNN
Tuynneanasiayszansamlunissenvasmslanin

ANE1VRININUAINA

v a

INNITANYINUI ANEIIVDIMUaAT
wiluansataunuiuainlugnaneis 4 mnududud
ANUANFveE e litd1AyNeaia (p<0.05) fungy
PIUANAILAFUAT 2 lUaunseisdunid 4 v
nsmeaes laguandnd wisearsunuiduanly
mmwaﬁ’mﬁmmﬁm%u 40 ppm #N1599NVBINIAS?
fignsautduaniil 2 1Husuly (Table 1) Hadoraiu
wszauanUivesarsunudvluluynaeiamise

FIuann15oniay dgnslunisauiuiug Ja1susus
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panduaud wazinalunmsiudinsisyueuuaiie
L%’ 831 (Chyau et al., 2002, Goun et al., 2003; Ponpompisit
et al., 2006; Ko-sing et al., 2018) §evinlWsvesiidl
N30 nLau (Inflammatory phase %35 ® substrate
phase) anasdanaliuInLHadIgIUILNITIONYYY
(Proliferative 415 ® Fibroplasia) lﬂny’JsﬁTyu (Harari,
1996) waildannsinuilaenndesiunisinuves
Chansue (2006) 10157 nw1Used NS nnaas
ayulnsimgarslasuagluyninauismianiseenued
wsdanmsndunan 3 d&at Insusdarasnesn
W 3 nauie 1dssludusgyn dhwauansade
Wmzanglas LLazﬁéﬂwaﬂumﬂmLLﬁq wuIngulan
prswiiiinsdsduthuglugnmiuinisiensesn
Ihsinidefeutunguaua vadazdiulddinig
ansanaluynieunlddnalunisyiensedunis
‘ﬁuvgLsuaéLﬁaiﬁL%aéﬁﬂﬂisziauLLwﬁL%dﬂ'ﬁﬂmiLgm
Tuseun wiegslsfinuastdludsinammnndudi
fumngauiiedesiuliliAnnansenuwandufivee

Uarimaueraneliiianinudemeniuuile el
Ko-sing et al., (2018) wui1 ansafaluyninevinng
ﬁ'izﬁ"ummL%’msﬁwaﬂummwgum 600-2,400
faansusiedns dulU GUsmamududureunuii
3.80-15.21 Tadnsunedns) duszdnsamlunis
Fudenisiasgivinveadeuuniise Aeromonas
hydrophila finelsaluvaiinld wiasldlusesud
#nIn 1,430 iadnsusiedes Weswnsedumuidudy
vossannluynsvianaiivinlivarinaeaimi
(50 1Wosidus) Tuiian 96 Falus (LC50 96 hrs) §i
Anadswinfu 1,789 fadnsureans (USunmany
Wutuvasunuilueglugig 7.66-15.21 JadnTusie
dn9) Ineflendnaawindu 1,430 fadniusedns uas
ANFIAALVNAY 2,155 1afnTuAefng WANF1991N
nsfnwaaifivantafiusasaianluynne
ANt uYRsuiY 40 ppm fin1ssenveImas?
fanuaghinunamevesatluszninansineidu

a1 5 dUani

Table 1  The length of the Siamese fighting fish tails (cm) soaked in tannin extraction
from Terminalia catappa leaves at different concentrations
Concentration  Initial Time (weeks)
(ppm) (cm) 0 1 2 3 4 5
0 (n=3) 0.83  0.33+0.06° 0.40+0.01*° 0.47+0.06” 0.63+0.06° 0.73x0.06° 0.83+0.06°
5 (n=3) 0.87  0.33+0.06* 0.50+0.00* 0.60+0.00* 0.67+0.06° 0.80+0.00* 0.87+0.06°
10 (n=3) 0.80  0.33+0.06° 0.47+0.06% 0.60+0.00* 0.67+0.06° 0.80+0.00 0.80+0.00°
20 (n=3) 0.83  0.33+0.06° 0.53+0.06° 0.63+0.06° 0.77+0.06° 0.80+0.00® 0.83+0.06°
40 (n=3) 0.83  0.33+0.06 0.53+0.06* 0.67+0.06* 0.80+0.00*° 0.83+0.06 0.83+0.06°

*Means followed by different letters in the same vertical were significantly different, according to Duncan’s multiple range test

at p<0.05.
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sasnssennaunuvesaIumslatfadiugluans
anaunuiuanluynineanudaduuansieiuy
INHANTITANBINUTT TRIINITIBAVBINIG
Uandaiusluesadaumadiuanrluynrets 4 eradady
fpuunnaeeg 19l dedfyn1eaia (p<0.05) fuyn
auaflusEnierdUa i 2-4 gesmavaaed g
Uaniiadi urluansadaunudufi aududu 40 ppm
figms1nnssennaunuvemsariad qefiqa (100
Wosdud) unns1sannyanismaassd uq oyl
Tfeddty (p<0.05) (Table 2) ludUail 4 Fadenndo
AUTEEELIAINITIBNNALNUVBIAT UNNUANTa31N
$1897U09 RUTSRDI (2015) 71 A N9IHAINA1THA
Faonsailuvardaluduvisa3ui uansnsiu Ao

A3 UMY AS UMY wazASUAY & anudasulatusias
Al ST M nVALULA SEEZIANT LANANSY
ﬁfuagﬁ’uﬁmmqﬁﬁm wasUinanilodotilnuhae
Tilsvandesnmsnsenuiuesundadesanmssen
I dululddwseluauysal Tunsdvesnsumedd
Faussusnaildfnlaumatamadandasyldnaly
nssenvawAies 4 §Uasi Jadlefinnsanieudieu
fumsinuiluadsiasdiuldiuatalugnmunuilid
madvansunuiuanluyuasyaiiisa sy
Femududu 520 ppm FENUSHTINTBANALNLTEY
ASUTNIATU 100 Weskiud finandunvidl 5 Jedanin
Uaniinlugaiiwdsemsadaunuiuiarandudu 40

ppm Fdldaniies 4 dUamiminiu

Table 2  Percentage of tail regeneration in Siamese fighting fish (Betta splendens) soaked

in tannin extraction from Terminalia catappa leaves at different concentrations

Concentration

Time (weeks)

(ppm) 1 2 3 a4 5

0 (n=3) 47.7+9.25° 56.0+6.26" 75.9+1.60° 88.0+0.80° 100.0+0.00°
5 (n=3) 57.9+4.01° 69.4+4.81%° 77.3+10.%° 92.6+6.42%° 100.0£0.00°
10 (n=3) 56.5+10.42°  72.2+4.81° 80.6+12.03*  96.3+6.42%®°  100.0+0.00°
20 (n=3) 64.4+9.85° 76.4+10.49° 92.6+12.83%°  96.3+6.42°°  100.0+0.00°
40 (n=3) 64.4+9.85° 80.6+12.03° 96.3+6.42° 100.0+0.00° 100.0+0.00°

*Means followed by different letters in the same vertical were significantly different, according to Duncan’s multiple range test

at p<0.05.

AsANEINS N aaunesunuansanaunuiuain
luynaeanandudusinsiusianissanvasaanin
A2UYIUAZIATINTIDANAUNUVDIRIIUANNA
Nan3Anuninansly Table 3 WUI1ANED
maqmwmﬁ’mﬁLmﬂuaﬁaﬁ’mLmuﬁmmiummw
Fenududusinafusaniundenns 1 Wesdud st 4
ANutNuliiaNuLanaeeglvedAyneans

(p>0.05) AugamuAsluduavif 1-2 vean1snaaes

wiludUnnidi 3 Yandndiuddeansatawnuduain
Iummwﬁmmﬁu%’u 40 ppm SAUAULNABLAY 1
Wosidud firmnuenvesnageiian (0.73£0.06 wal)
waneinseg1eiideddey (p<0.05) NsadiAnuYANIS
NPABIdU q F3a3NAD YAN1TNAaeaT Lasain
unuiufienududu 20 (0.630.06 #1) 10 (0.60£0.06
931.) 5 (0.57+0.15 93.) wag 0 (0.53+0.06 ¥u.) ppm
nuaeu (Table 3 way 4)
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Table 3 The length of the Siamese fighting fish tails (cm) soaked in tannin extract from Terminalia

catappa leaves at the tannin concentration level of 0, 5, 10, 20 and 40 ppm combined with

1 percent sodium chloride (NaCl)

Concentration Initial Time (weeks)
(ppm) (cm) 0 1 2 3 4 5
0 (n=3) 0.73 0.23 0.30+0.10° 0.40+0.10° 0.53+0.06>" 0.67+0.06% 0.73+0.06°
5 (n=3) 0.73 0.23 0.30+0.10° 0.40+0.10° 0.57+0.15%° 0.70+0.10* 0.73+0.06°
10 (n=3) 0.73 0.23 0.33+0.06° 0.43+0.06° 0.60+0.06®° 0.70+0.10* 0.73+0.06
20 (n=3) 0.73 0.23 0.33+0.06° 0.50+0.00% 0.63+0.06®° 0.70+0.00° 0.73+0.06°
40 (n=3) 0.73 0.23 0.37+£0.06° 0.53+£0.06° 0.73£0.06*° 0.73+0.06 0.73+0.06°

*Means followed by different letters in the same vertical were significantly different, according to Duncan’s multiple range test

at p<0.05.

INTINNTIDNNALNUYDIATUNIUANA
I1INNANTIIANBINUTT §RIIN1TBNNALNY
yosnzumaandnfiugdluasataunuiuainluyning
farnududunaneiadu e 4 anududusaudu
ndeung 1 Wesifud Jemnuuanansedeiliedfgmig
afid (p<0.05) Fugamuasludaiil 2 uay 3 vos
nsneaes Ingdardaiutluasunuiduainansadin
Iumquﬁmﬂm%’m%’u 40 ppm HnaviliensInig
sONNALNUTBIMS ST an Tnsaziunald i us
Fuavid 2 18 uduly (Table 4) § saonadoafy
$1897UV09 Ponpornpisit et al. (2006) Wuln 1‘U14m’1<1
viotharalugnisfissduannduduvedduynang
1,000 ppm @1ursatunldlunisauiuinalaiina
wagUameungsifuiaunafiimaiieadndesld
waznslfiadalugnieiissduamududuyesly
11219 50-200 ppm Hrevililaniauaguamisunga
fiRmdawailetulutesftinnsisnsseniuty
uilianansafdnd e flusidamiungsiavan
msltluyrmaiimdstueduynang 10003000 ppm

Safuindounsiinnududu 051 Wedidud e
Snvunasazannisiadendtledun Aifianas
s:mm%ﬂuﬂﬁuL?:EJaﬂmmquﬂgwwamé’mwmi
melaunniinistilinienisldluyninaiissia
e uenanifameiinisléindennsanansatieiy
nssenvewnsUatdin enadlesnainindeunadeiy
aslutheglfiinne Hyperosmolarity 3eiainoan
nfvan aan1suan Frenseaulivaniinistuidien
1naw livanidnauieds aa1eaunIen S
Sranusardauazdudlustadn Wosn Usdn sne 9
(Schaperclaus, 1986; Ponpompisit et al., 2006) Uann f‘i
fs1varuinadndilugniedidanududues
WLty 50-200 ppm @msaanuIuauanluiley
Turiléigadta 56 wWesifud (Pimolrat et al., 2018)
mﬂmamaﬂzwmﬁﬂd’nmﬁqm%dqmaﬁﬂﬁﬂmﬁ’m
filssuasadaunuiuanluynnesauduindouns 1
Woesldud Sszezialunissennaunuyewmiasinii

gansnaaesfililanaundaund
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Table 4

Percentage of tail regeneration in Siamese fighting fish (Betta splendens) soaked in tannin

extract from Terminalia catappa leaves at the tannin concentration level of 0, 5, 10, 20 and

40 ppm combined with 1 percent sodium chloride (NaCl)

Concentration

Time (weeks)

(ppm) 1 2 3 q 5

0 (n=3) 40.5+10.91° 54.2+10.15¢ 72.6+2.06° 91.1+7.78° 100.0+0.00°
5 (n=3) 40.5+£10.91° 54.2+10.15° 76.8+17.03° 95.2+8.25° 100.0+0.00°
10 (n=3) 45.2+4.12° 58.9+3.09%° 81.5+8.81%° 95.2+8.25° 100.0+0.00?
20 (n=3) 45.2+4.12° 68.5+5.15 86.7+12.54% 95.9+7.22° 100.0+0.00?
40 (n=3) 50.0«£7.14° 72.6+2.06° 100.0+0.00° 100.0+0.00° 100.0+0.00°

*Means followed by different letters in the same vertical were significantly different, according to Duncan’s multiple range test

at p<0.05.
A3UNaN133

NNSANIMAMLTUTUT MLz aNT 0
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The objective of this research was to study fundamental information on economic and social
elements, systems and inputs, possibilities and factors influencing the feasibility of raising the level of
Med Fai rice farmers to become organic rice farmers in Khao Ro Subdistrict, Thung Song District, Nakhon
Si Thammarat Province. Data were gathered through interviews with 21 Med Fai rice farmers. Descriptive
and inferential statistics were used to analyze the data. According to the findings, the majority of farmers
(87.50%) were males with an average age of 51 years. Almost half of the farmers (47.60%) completed
primary school. Almost everyone (90.50%) was married, with an average of 4.50 household members
and 1.83 farming members. Farmers possessed an average of 7.13 rai of agricultural holdings. The
average monthly income was 12,646.95 baht, and all farmers (100%) were members of agricultural
institutes. It was found that farmers prepared the soil for the planting system by the plowing method.
The rice was planted by cutting 3-5 seedlings per clump. Fertilizer formula 16-20-0 was employed by
farmers. The disease discovered was dry leaf sheath, and the weeds found were rice grass. Farmers had
chemical fertilizers, herbicides, and plowing as the main factors in production. In terms of the overall
feasibility of raising farmers to become organic farmers, it was found that they were at the highest level
(average 4.58) and that rice seed preparation played a vital role in raising farmers to become organic
farmers. Age, education level, status of household labor members, agricultural holding area, and average
monthly income were the primary elements determining the feasibility of raising farmers to be organic
farmers. The lack of expertise and comprehension of the process of growing Med Fai rice was a challenge

in upgrading farmers.

Keywords: enhancing, Med Fai rice, organic farming
116


mailto:Rattana.rmutsv@gmail.com

Journal of Agri. Research & Extension 40(3): 116-126

UNANEa

v
a a v

n131duafeilingussasdiiefinudaya
fuguduasvguasding szuuuaztateniande
anaunduldld uwazdadeiifinaserudululglunns
pnIrAUNEAINIHUgnT1Iiug i aded nsidu
WNEATNIHRANT1I8UNTE duatuls 81nevead
JrTauasassssusy inudeyameuuudunivalain
wnwasnIy Ugnd1anugdadesiuiu 21 518
AATItoyan At AN TUILALARRLTB YUY
NaN19398 WuInuRInIdlulng (Sevay 87.50)
Jumane ovglade 510 inwninsiieund il
(47.60) aUN13ANBITEAUUTZANANYT InBLA o
Hanun (Segay 90.50) ausauda faudnluafadou
\de 4.50 AU wATAINTNIINISINYATIRAY 1.83 AL
nwasnIinudensomnisinuasiady 7.13 13
Tnswnunsnsnamuadudwesiiau fseldiadose
Wou 12,686.95 UM waslnuasnITavae (Sovay
100) v uanBnnguanitunianisinens d1msu
SEUUNITURN WU nERINTNSENAuAieIslany
Ugni1isegdsnistnedundan 3-5 dusiena 14Uy
gn3 16-20-0 Tsafinufie muluwisuaznumed1aun
Wutwity lnainwasnsddendl arsmdndana was
myisladuladomdnluniandn dwsuaudululed
lunsenszauinunsnsgnisilununsnsgnanwuy
Sunidlunmsiumuiegluszduanniiagn (1de
4.58) waznun1seseumaaiugindudiudidgse
n1senszaunEasnsgnIsidunensnsgndauuy
Sunid Yadendnd fnadoanudululdlunis
pnszAUNYAINTENISTuNYRINIRARLUUBUNSE
Tuamsau laun 01y szAUNISANYT @1unIn
aundnuseiluafaidou fuiidensesnsinnuas
warseldndnaiiou Tnedgmiinulunisensedu
NwAINIAD N13vInaNiAudlalunseuiung
Ugndmiugidadie

AdAEy:  nsenszau diugdnie

WNEATOUNSE

AU

TdusyiiendAydnduiivonnsndday
Ya9lan tngUsEaInsNaUaIUNUAIUAUUS LAAT1?
I3 o = = ) vV I3
Wua1mnsvan tngnnieauaids dn1sustnagniiu
2MMSNANUTTUNA 600 a1UAY F1USTUUSEINAlNe
Uszu19uni1 a3 vt 1ve9Usenad uniuinay
SUUTENMUT NI UDIITNSNUTEINWA wazdlAny

v
[ VI 7 o

HARuAug sy dean Ussined wazdmusssy
wagdndudududianunsavieeldlifulssma
Wudwunn nwdngiunisAunuildendiluiey
wiestuAusrluvquileamdishualuuunm suaenides
FavTaveuunu To1gedaes 5000 T Feiain
DuvdngiuiiddidnuyueingrFendenulnegdy
Fsruausssndn Taednuniudurilneifnisu
nszagluynnguunAiugiendvegluiuuauves
Useindlng (Tongdee, 1995)
AMUNAINAIBURIAIE U T Ul eI

s

Ing wunddmIunInnI1 20,000 @eRUg INHUS

3
v A

Tiidegitalanndn 120,000 aneWus (Samwalla
and NaRanong, 1990) Wugd1fiugnluuszimelne
fidnsifusiusiulilasqudujuanisuas
WAULIEANUE 1WA AETIu 23,903 #2889
Hudfiudes 17,093 fete Tnednissuunie
lighuduiugdnaiiuies 5,928 Foehs (Chunta,
2015) ylvUszmalnednnsugndafugiudes
1710131 11 a1uls (Office of Agricultural Economics,
2006) @ slundazarsiugvestniuiiies fn1s
unsnszanseginlunnaavesyszimelne usdaqgiy
Uszindlnefianewusdfifdes q anaundelyd

9

aneiuglutagiu

117



MIATIVULALAWATLIVINTAEAS 40(3): 116-126

[ [

FJatnunsessssusrvdudaminlulseine
g fsernsuniianiuniald dfuiivaa 6.21
&ls Faflvunefiuiilvgdususu 2 vesmeld (seq
nanegisd) Wuiuilivssleniifonsinues
3.06 1uls Andudosas 49.28 vasiufiviaun 3
n15Ugne13538 700,529 15 (Phatthalung Rice
Research, 2009) dnwauzniussmenuald 3 du fie
1) U oNIRBUNAe LalA UL anLan
UASAI5IIUSY Honanadusneumievesdmnia
aslismeuldan vinauNuiivessunofiogluin
Wienwiseunaie laun 81Lnewiles 81nedva 81Lne
YUDN BUNDNNFIAT DILNDATUANT BUNONTUUAT
sunesouiiya wagsunevzedn Tuwmiienwiil
songeamiuiandn Ae eniwvals dellanuge
Useunad 1,835 LUAS mmzé’uﬁmmaﬂmﬂma 2)
U3nadisumeaunsTusen Tawn usnadaann
Wionwineunarslunisfidns Tuoen e awzia
smlnsorausniiansanldifu 2 neu Ao fwussune
\losunsedsssusvlunild Auiildnvasfudism
fiflaunenuinanfionwineunans ldeneil
vzasyeynaUszana 95 Alawns Swhiarassdiil
futhifnanuinasiieniuineunans Inaasgening
vangany Tuluinudadidmansugiavesimia
Snusnfe seudsnnevimanlumefiemie (u
vSnawmetwau 9 anundidlifu 15 Alawes
snnefiogluviinadsudud Ao sunsvuey
PLNBEYA BLNBYIIAIAT D1LNBee BLnaUInnile
gnnelluslug snewilng Lardnevyean Laz
3) USnaiisusunsTuan Toud usnafsiussning
WIONWIUATASSITNIY Laztiienivigiia SRR
Snuasduduegiduuisy sunefiegluuiinnd
Ao gnnefyu gnevdlng 911noa313 91100

UIVOU WaEaNBY 99 Tuuaayi U ve3dendn

uAsATsTINTITLUIMInnTdaats 3 unds axd
Aneanlunisugniiunnsneiu ﬁﬁzﬂﬂ’]iﬂgﬂ‘ﬁﬂu’}
uazdls Tnefinandniade 461 Alan3usiels
dmunandndndunisidu ussuuns
wandaildlFansiadnismaneasynudadudui
Yol @13MIUANNISATAULR d@13AUALLAEMINAR
Ty a150eeiudnlin wuasazdnidngdnn
naonusAiildsuiietosiuidaunasdnginnlu
Lsufiu Mandadidunsguenanagyililinands
Tnfifinunngaazvasnisanasivuds fady
n1seysnEensneInssssufuaziduntsimuinis
\nAsuUUS iy uenandnsnandidunididu
srUUMIHAIIMBERsTtiud oo Ay
iy Thun n1seydnydvinenssssud nsiluy
AN ANANY T VDITTTUVIA NITTNWIANAS
s3sumAkaznsliUstleviainsssund iienswan
065 38u 1 Uuugsanugananysaivesivlag
nsugnitevyudey n1slddedunidlulsumsen
unasdu aruaulsn uuasazdnidngd1laeis
wennaulildansiad madenldiuginiuengan
AUA1UNIULAETTTUYIA SNYI1AUAAVDIAN]
s33uTA M3damsfis fu wasi Wigndesmnyan
fupnufeantsvesiudn WevhlviEudasaduls
197 davwanysaludausmusssuwd nsdanis
anmuwingexnldliimunsaunenisssuinvesisn
wuauardnfdngdn iudy nsfnuiesed s
Foguszasdiiefosnsonsefuinuasnsggndng
nMadunuasnsgnaawuUINYATBUNSY Yeanunsng
FUaLUIls 9NeYeas JmMTAUATATSIINIY Loy
nauA3ety LieliinwnsnstugninuAnnissaungy
TunsugndiBunIdlud uil vliangay doeld
Wud uainnsednd 128 unid uaninuesnsld

UINTFIUNTNENT1IBUNTE

118



Journal of Agri. Research & Extension 40(3): 116-126

A5AIUN15IY

aouiiAiunside
Tunsinmedsillddidunsluaaituiisiva
wnls Sunovjeas Smiaunsaisssus wesfeidu
wnasugniniugsindefiddauarldsunsdaaiy
NAUGITBV1IUATATITTNTIY AT uaungle
lATINITHUATUNTHANT1IRAIAENIE NBITAUN
wandasidn nsunsin Weideulssnismanauas
afnagnsneamseaaliuinganuasnsidivang
wazHEUNSUssmduius AuAt nanaRIENg L ves

Lﬂwsﬂiﬁwﬁmﬁﬁwﬂﬁlﬁuﬁ WINSVANY

UsevnsuaznguAlagig
Usgmnslumsdnwadatvhnsdudaeisng
dUUULRI2AS (Purposive Sampling) laun 1nwnsng
fugndrusidaineluiiufduamls sunovjas
FamtnuasATsssney anun 21 518 1 eadae
Uszrnslumsinuadaiifidwauldnin §3gedals

o 4 & & v 1 a o
MuualiUsynsianuadunguiiegnslunside

w3asdiefildlunsise

msanwpsadlduuudunsalduniodiely
maususndeyaUssneulusmedemanuuwuulae
TUm (Close-ended Question) waztaraiuvataida
(Open-ended Question) Freazdonsolud

daudl 1 FafauAstudoyaiugiudiu
WTYgN LAz IRNUNUIENITVDUNYAINT InEanuue
manuduwuulsidenney

il 2 YefmauAeItuszuUUgniiug
Winf1gvaanunsns nednwagaranud uwuuls
WenmauuasUalilansnnuAniiy

dwil 3 Femomdetuauduldlsluns
pnszAununInTy Ugnd1amugidad g nisidu

nwmsnEanLUUNYRsaun3e nednuwaaanudu

WUUNASIEIUUSEE AT 5 586U (Rating scale) laun
5 = fanudluldinniige 4 = Tanudululsann 3
= finudululaviunans 2 = Tanudululades
way 1 = fanmdululfdesiian lneazuumadofld
Banuuadugae WeRinsanseduanudululsly
nsenszAunuasnsg Ugndaiugledrednisdu

NUAINSHHARLUUINYATAUNTE Aall

sefupzuuads  seduaudululy
421-500  fenuduldlfinndige
341 -420  fanuduldlaunn
261-340  fpudululaiiunans
1.81-260  Henudululsies
1.00-1.80  Famdululstesiian

dun 4 JamaunnenulgymuazgUassa
voununsnsyugniniugdiadelunisensyaulug
nunsdunid lnednvugianuduuulaliuans

ANUAALTIL

nsiiusausndoya
didunafusunuteyasiidudoya
nAondl Mduuudn noufuassidefiifotesan
WVaasine o) 919 viedalauvTIviedy audidedn way
Toyadidnnseiind \usu diudeyaugugiiannnis
i Reiuanls Sunevisas ToriauasATsIITTY
i ud uaeingUsvasdvedlasaniside udada

duneaingueiiegg

nsAATITtaYaA
Sisevideyadudlagldlusunsuads
duSagunadenumans (Statistical package for the
social science; SPSS) Ingldannnssann loun Aade
(Mean) An¥eeaz (Percentage) A BaluuansgIu
(Standard Deviation; S.D.) wagldad 3991999 town
adfnisanasenviga (Multiple Regression) Lile
AaTweNuduiusveloya

119



MIATIVULALAWATLIVINTAEAS 40(3): 116-126

NAN15738

%’agaﬁugﬁué’ﬁumwgﬁaLLazé'eﬂuUNUsznfﬁﬁuaq
NENADEN9

Han1533enua1 tnwasnsaulugLdu
wiere (Fowag 85.70) fengiade 51.00 T un1sin
TuszauUszaufnw (Sevay 47.60) Janunnausa
($awaz 90.50) SruruandnlupdaiSewads 4.50 Au
YMN5nERsIea s 1.83 AU dH Ui doAseIn1sii
inwasiaas 7.13 15 Tnetmunduvesnues fseld
g/luy39 10,001-20,000 UmsiBLADY wayanuady
AuNNna/an1duNINYAS

szuumsugndnanuddaihevaununsns
HaN13ATENUIT inwnInsienualudngg
Feniuiiugndmiudidinghe udiinisdadenldiiug
dfmnzautuiiuiivgn wisuudeiuginlaonis
dudeiugiiensinaey (Sevay 81.00) In3exfu
lnsnislang wazdiSn1sugntriuuutnandnuiy
AUNAT 3-5 Ausianse Lﬂ@@iﬂiﬁ'ﬂﬂuﬂiﬁﬂﬂqm 16-20-0
Tsafinwunniian léud Tsaniuluwsis (Gesay 75.00)
drudviiedinuaniiga ldun nerdnun (Feway
43.80) wagn1stesiuirdadviy laun n1sldans

v A

ManJuney (Souag 55.90)

msldtasonisudn nandn wazsels (wie/
15/%) wuin wandsade 635.10 Alandusals 517
Srmineiede 45.10 vwsienlaniy AnduyadnasEn
WAy 28,643.01 Vviriels TunuiuuUsiady 2,672.32
UMAaks Uizﬂaulﬂé”mmﬂmﬂﬁmga 1,766.97 U
sols Aransidasuiiuads 355.25 vvsels Ardla
550.10 Usiols wagildununsiiads 3.77 vmsiols
mﬂfﬁa;&aﬁmém’mé’uﬁmmwamuLmuﬁLﬁmmﬂmi
Ugndiugidingne wuin s1eldavdiade 25,970.69
umisiols uazdimlsavdiade 25,966.92 Uniels

anudululdlumsenszauinsasnsgugndianug
< 1 < Y a a ¢
Winfegnsidununsnsgnanuuunynsdunsd

nnsfnwszuumsugndnaiudgdedelu
7 Jupeu wud denudululdlunsenssaunuasns
t% ¥ v o & ' < Y a
Hugnd1aiugdadreg msidunensnsndauuy
nensBuvsdeglussivannfigannduseu laun n1s
Woniuilugn (Aade 4.31) Msidenldiugdna
(Anade 4.19) MIwssnuaniugdna (Anady 4.82)
nMaaTeNRu (Anade 4.69) 35Ugn (Awade 4.71) N1
IANIANNQANANYTNVDIAY (ANadY 4.76) UarnIs
Uasiumdnlsauunuasdnginy (Anade 4.57) Bedwa
sennuduldlalunmswluszduinniian (Aede
4.58) 1uriu (Table 1)

Table 1 The feasibility level of farmers enhancing towards organic rice farmers

Enhancing issue Mean S.D. Feasibility level
Planting area selection 4.31 0.58 Highest
Rice variety selection 4.19 0.48 Hish
Rice seed preparation 4.82 0.36 Highest
Soil preparation 4.69 0.31 Highest
Planting Procedures a.71 0.48 Highest
Soil fertility management 4.76 0.36 Highest
Disease, bug, and pest control 4.57 0.43 Highest

Total 4.58 0.43 Highest
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Table 2 Factors effecting the feasibility of farmers enhancing towards organic rice farmers

Variables

Feasibility of farmers enhancing

towards organic rice farmers

B t-VALUE
Gender 0.047 0.753
Age 0.163 3.948"
Education attainment 0.225 4.653"
Marital status 0.192 4.025"
Household member -0.015 -0.843
Household workforce 0.311 4.967"
Agricultural land area holding 0.493 11.914"
Average income per month 0.488 10.826™
Membership of agricultural institutes -0.076 -1.475

R? = 0.754 F value = 9.913

** statistical significance relationship 0.01
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This study was conducted to investigate: 1) a level of needs for the promotion of non-toxin
vegetable growing of farmers; 2) factors effecting needs for the promotion of non-toxin vegetable
growing of the farmers; and 3) problems encountered and suggestions about non-toxin vegetable
growing of the farmers. The sample group consisted of 163 farmers growing non-toxin vegetable in
Muang Pan district, Lampang province. A set of questionnaires was used for data collection and analyzed
by using descriptive statistics and multiple regression analysis. Results of the study revealed that most
of the respondents had a high level of needs for the promotion of non-toxin vegetable growing (X=3.41).
The following were factors having an effect on the promotion with a positively statistical significance
level at 0.05: age, capital source, inspection of chemical contamination, and knowledge about non-
toxin vegetable growing. However, one factor was found with a negatively statistical significance level
at 0.05: experience in farming. The following were problems encountered: 1) a high amount of pesticide
application; 2) decreased profitability of non-toxin vegetable selling; 3) lack of farmer group forming
support; and 4) lack of water supply for cultivation. For suggestion, the following should be done: 1)
allocation of water supply for cultivation; 2) extension of knowledge about chemicals for pest
prevention and elimination; 3) market creation and expansion for sale agricultural yields; and 4)
promotion of group farming among non-toxin vegetable growers as well as support on seed, chemical

contamination inspection, budgeting and farm visit.

Keywords: needs of farmers, toxin-free agriculture, farmers growing vegetable
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Table 1 Levels of knowledge about non-toxin vegetable growing of the farmers

(n=163)
Level of knowledge No. %
High 123 75.46
Moderate 20 12.27
Low 20 12.27
X =9.66 SD = 2.52 Min-Mix = 1-15

0-5 = Low; 6-11= Moderate; 12-17= High

dayaninudainisnisdaaiuugnidnyuasndeain
A15NYVBUNYATNT
NAUA10E19LNEATNIAAUADINTITOE b
seuann (1ade 3.41) Taswuingunuasnstaiade
seAuANNdenIseglusEaunInduIl 6 AU oy
Fosddumuaadsanuinludes leun funis
WIuuUasUgn (Aiede 3.88) Anunsinioudn
g (Aueds 3.71) Munsugnuaznisgua (Aede

3.68) A1uN1stAsIMeIMSESY (Alede 3.41) A1

nsldusnnmies (dueds 3.46) uazsunisugn
dnlulsadeusfanvngludou (Aiede 3.44) Tudiu
srufifinudesnislussiuliunansiisiuiu 4 du
Tneisssardumuanadsarnuinlddos laud f1u
asldfusnuasia (Aade 3.09) funisldnanan
vien1stanquIUas (AR 3.26) AunismuAy
1089933 (Aads 3.21) aunisldasainaindia
(Aade 3.21) wazsunisldasinditestunazidn
fingile (Aade 3.22) (Table 2)

Table 2 Mean, standard deviation, and levels of needs for the promotion of non-toxin vegetable growing

(n=163)
Needs for the promotion X S.D. Level
of non-toxin vegetable growing
Growing plot preparation 3.88 0.67 High
Seed preparation 371 0.62 High
Growing and care-taking 3.68 0.68 High
Supplementary nutrients 3.41 0.67 High
Glue trap 3.46 0.90 High
Lighting trap 3.09 0.90 Moderate
Using plastic/rice straw to cover growing plots 3.26 0.76 Moderate
Growing vegetables in a nylon net house 3.44 0.90 High
Control by using bio-method 3.21 0.83 Moderate
Using plant extracts 3.21 0.84 Moderate
Using chemicals to prevent and eliminate pets 3.22 0.84 Moderate
Total 3.41 0.78 High

4.21-5.00 = Highest; 3.41-4.20 = High; 2.61-3.40 = Moderate; 1.81-2.60 = Low; 1.00-1.80 = Lowest
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Table 3 An analysis of factors effecting needs for the promotion of non-toxin vegetable growing

Independent variables

Dependent variables

Needs for the promotion

non-toxin vegetable growing

B t Sig

Gender 1.170 1.176 0.241
Age 0.102 2.256 0.026*
Educational attainment 0.417 0.937 0.350
Household members -0.089 -0.468 0.641
Income earns from vegetable growing -6.798E-6 -1.157 0.249
Capital source 4.120E-5 2.420 0.017*
Growing area size 0.041 0.971 0.333
Experience in vegetable growing -0.112 -2.288 0.024*
Training on non-toxin farmers 0.485 1.410 0.161
Source of information about non-toxin farming 0.158 1.482 0.140
Date record on non-toxin vegetable growing -0.171 -0.379 0.705
Checking toxin contamination before selling 1.454 2172 0.031*
Knowledge about non-toxin vegetable growing 0.582 3.107 0.002**

Constant 27.801 7.441 0.000**

R? = 0.543 (54.30%) F=4.414 Sig=0.000"

Statistical significance level at 0.05%, Statistical significance level at 0.01**
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This research aimed to study 1) personal factors, economic factors, social factors, knowledge
and Good Agricultural Practices (GAP) of farmers in the raising of Asian honey bee (Apis cerana F.), 2)
factors related to GAP of farmers, and 3) problems and needs of farmers for the raising of Asian honey
bee. The sample was 161 of Asian Honey Bee famers in Palian District, Trang Province. The sample size
be calculated by using the Taro Yamane. Mean, percentage, standard deviation and multiple regressions
were used for data analysis.

The results found that most of farmers have 4 years in average of experience in raising Asian
honey bee and have gained 5,818.18 baht/year in average as an income from selling honey. Most
farmers, 95.039%), received news and information from agricultural extensionist and their level of
knowledge and practices are at a high level. The analysis of factors related to GAP in raising Asian honey
bee found that there are 6 independent variables affecting the GAP significantly at the 0.01 level and
can be predicted at 37.20% (R? Adjusted=37.20). The variables with positive correlation were
experiences of farmers in raising Asian honey bee, group attending, number of knowledge sources and
number of training they have attended. While the variables with negative correlation were level of
education attained and knowledge on GAP. The most important problems found in their production are
the not entering the hive of bees and marketing channels. Need of farmers for self development are

the techniques for separation of beehives and the transfer of bees into the perches.

Keywords: knowledge, good agricultural practices, Asian honey bee, bee farmer

138



Journal of Agri. Research & Extension 40(3): 138-151

UNANEa

Qe

nMfenssiingUszasdiiiednwn 1) Jade
duyana LAsugna deau ANusLazn1sufuanIe
A19LNBAST R LUNI9LE 897 Slnse 2) Jadei &
auduiusion U TAMINTNuRTAa 3) Yoy
LaTALA DINITVE A BATATIUNITIA B9 TN
Uszrns fio inwnsnsfidssidnadlusuneUsnion
FTINTARTY ATNUATUIAAI1BE19AIUEATVDY Taro
Yamane I# 161 au 13 0ede Ao wuvaeuniud
Tnsea$1e Anszvitoyasie A1aud ffosas
Aade d1ud oauINNTEIL NNTOANBINYUUY
Funou

Han1SANEINUIT 1) tnwasnsdlulug d
Usvaunisaiade 4 O s1eldanninig 5.818.18
vsial $U9178159INUNIYINTTAUATUNITNEAT
Jeua 95.03 fAzkuuAN; kavn1sUURTEAUE
2) theAfanuduiuddensufiansmainensia
Tunsidesialnse wudn fudsdase 6 fuds fina
demsUfURMINTINuAsAATisERuTsdda 0.01
wazannsavihnalaseeay 37.20 (R? Adjusted=37.20)
Hadefifenuduiudidouin Ao Ussaunisal nsidn
g uuundsang wazduauaianisléty
pusIMsdssialngs Jadediflanuduiudifeau Ao
SEAUNTANY LAYAINTNINITNYATAR way 3)
Tymiinu Ao Aelwsei ofo/laiidngs wasdeamia
NIIAANN LNBATATABINITHAILINULDIAUAITUENT
wazdneRalnsadnneu
fddey: Mg MsufURvnansnensiia Aalnsg

NYRINTHALIRIINTS

AN

faduuuanasugfafidanudidnyde
Uszina (esninusmalnedseantidslud w.e,
2563 97U 7,671.89 AU YaA1 562.16 A1UUM
(Customs Department, 2021) i alnsadadui g
Audosidvuadn inumsnsisudesdiifioasy
yeld Aeefindansonuldlunnniavessumelne
winuanndiaeluneald inwnsnsluaalddnilngds
Aesinsaduendnady wilfesssumfvosislng
yaudi 3l deid egnsunIuaINANMLIAA B
(Department of Agricultural Extension, 201 3)

[
Y a

£ o & £ = 14 £ &
WLA EJ\‘i'iNﬁ]']LUUW@QMQ’JW&IELL@%leJ’f[,ﬁ]igﬁUU‘W‘ug’]ﬁ,Jﬂ’]i

Y
v ¥

Aesisifuazmnganiofuininevesis s
miﬂﬁﬂ’muﬂWiLgaqﬁqmwumiﬂﬁﬁamqmimwmﬁﬁ
iieliinandniiuinsgiu USunas uazamnImnsse
AN BIN1389 UTLAA (Chantawankun, 2018)
e naudaaiunsineasldimunulousdaaiy
Tnuasnadosisnsaduednaiy wedivaeld
uennHasnssadiaudumusiodolsauazdng
yilinwasnsaansafiufsmandnldogiedelies
(Department of Agricultural Extension, 2018) 6
Mnenunzdeuhsuisildsuseanasgiundy
nnsuuaded wuinneasnsgiaeidnssdilg
felairunsfuseaasgunsUfiinisnmainensi
A AUNSENUINTFIUAUAINYAT (Department of
Livestock, 2017) fifuuainausinsufoAcausinis
fannsesAUsznoundy 0193 U nsiEss guam

Fwandeu waznstuiindeya wislilindnsiueiain

¥
aa £

Hendaanin gnavanuae wazlasasieseduilam

(National Bureau of Agricultural Commodity and

139



MIATIVULALAWESLIVINSNEHT 40(3): 138-151

Food Standards, 2016) dwsunals n1saaesung
Ao dnsasutulud we. 2560 finwnsnsiinga
lasanisnszawedlu 6 Yamdn Av Wnae asvan
UASATEITNIIY A3 T2U0Y Wazyuns lnedainddl
LNERsNSIETINNNsEBeR s elud we. 2560 11N

[

FUAY 1 AB F9MTAYUNT 79909118 Teninnse
UATATTITUIIY A9UA1 WNQY BAZIBUBY AUFIRY
(Department of Agricultural Extension, 2017) Fa
Haqtunuasnsluiiuiinaldiiunsiusesnasgu
miﬂﬁﬁ’amNmimwmﬁﬁmﬂmmmﬁmiLﬁm 8 918
Amfuosay 2.60 INTuILABATNIIIMNA 307
AU (Department of Livestock, 2017) wazidu
inwasnsfiegludsm ingumsionn vaeidminnss
Faflinunsnaidrinlassnsnisideiidnsannd
gusu 2 ndulaifiinunININILNIITUIBWINIFIUNIS
ﬂﬁﬁamqmsmwmﬁa ﬁqﬁmwmmmamgm{]mm
WA eatueadanuursdulunisdanisnisid og
RlnsdluunmssuseanesunsUfoRmenisinuns
i @onAdesiu Department of Agricultural Extension
(2013) Idnamh madssidnsdliuszaunnudige

\Heafelnune i ungANTTUVedEa N133AN1S

e e

959 wazUszaunisal Wi liaunsasnnissanale

a

1 =)

ag1adluszdnsnin axvieuliiiudnnnuiuasnis

a wa o

UfdRveununsnsilugnislasusesunsgiunis
UFtRmnaninnuasia Snaddemasiouiinauay
AruAMYDIANIansan Balundndu dauaglofed
finaunmanansathluuussudundndasiivisaing
selfiadalunemsnafistudnie
guneUsiviou Santanss 10ud ud i
nunsnsdould o slnsaniian 10w 270
asuFeu wazduuilduvereduiudunnd ud
nwnsnIdaldanunsaren1ssuTemIuNInggIuNIe
nsinunsfidmiurh il §3dedsfianuaula
AnwimnuduasnsURmuuuImsnsineasialy

ASLALIRINTIVBLAYATNT LB LN DULREY 91T

n31 Inesjadramnudnlafentussiuamiuiuaznis
UFUANI9NTINYATTA Avesnuasns Jaded 4
AudAnsan1sUfTAN1INNEATIA naenau
Ugyn LATALE BINNSVBANBAIATIUNSE SR INse
saddoyaildanunsailuldusuuge ufly uay
WAL mmi’uazmsﬂﬁﬁ’ﬁmmmmqmsmwmﬁﬁ
Tunsidssislnssveanunsnsliduszansainain
87 ntansudnaiunisinunsuagnsudadnd
anunsathteyalulddmsuinuuimienisimunmie
FMUALKLILA AT HN151E B alngad FAany
WNgaLLaERTITuAIFDINNITRLNEATNT Lie T
\nunInslafusesnassunsUfURNIsNsIn YA

Tuauan
A5 HUN159Y

UJszung
AelnwasnsfiaedansslusuneUvindoy
Fianss Mdngalasensvesnsuaasunisinens
Toun 1) 1ms9n1s 9101 suseainnenielasunsy
wv15il Wienswannsinensegedaiiy $1uau 105
AU 2) Tnssnsdaasumainensiuuulasing Wladiug)
H9Ins9) $1uau 38 AU uaz 3) Tasennsiasuadng
1lAlALALAYATNIIN8E 08 T1UIU 165 AU 574
fisdu 270 Au Avussuangusiega Tngldgnsves
g1 (Yamane, 1973) fiszaunnudaiu 0.05 ¢

FUIUAIDENG 161 AU

W398 1 TuN153Y

Duwuvgeunuuuuiilasiadefifideasng
P Ineldunfnuasnnuifiendeanbuguaug
Tun1sasrwuvasuau Usenaunle A1a1uln
(Close-ended question) wazA1n1uLd A (Open-
ended question) Usznausig 191073 4 d1U AD

1) Yadudiuunna Jadeduiasugia uasladunu

140



Journal of Agri. Research & Extension 40(3): 138-151

fpuveanunsns anwazAauduwuula wavile
2) mmi"mqmsmwmﬁﬁiumngmﬁyﬂwsq Snwny
Aronudusuudenaaounuugn-An lnaiinun
AMBU HA WINAU 0 AZLWL Lag AoUgn WNAY 1
Avwuy Sunamnzuunwady 3 sedufe s (0.00-
5.00) Y1unans (5.01-10.00) uae g4 (10.01-15.00) 3)
MIMTnERsTinluNsEeRanse dnvazdanuiu
wUULIRSIEIUUTENNUAT (Rating Scale) TnBlusnIg
UFTAu 3 sedu fe URTRNNAS: (2 Avuuw) UTR
u9psa (1 azuwn) WIFUGTR (0 Azuuw) nasins
Tiazuuu wiadu 4 szau Ao TWlEUATR (0.00) dos
(1.00-1.33) Urunans (1.34-1.64) uaz g4 (1.65-2.00)
4) Jgyun wazAuReINIsuLnenIng tnetlaumly
Formanuiifdnuazduwuuaiasdiulssanae 5
svefu wazimumnaeisziudarlunsid eaianss
\Ju 5 5edv fe Yosfian (1.00-1.80) Yoy (1.81-
2.60) Urunang (2.61-3.40) 11n (3.41-4.20) maﬁqm
(4.21-5.00) d@uALFIN1SlUNSIA 8RNIV

WNERINS AU UULTA

nsAATIideya

1 v
(3 v =

n1577eas 9 g 10 un157ToLTeUS U
UszNauniY @nnltanssaiun (Descriptive Statistics)
Idmivimseideyatadediuynna Jadesu
\AswgAa uazdadedudaan Tdun araaud
(Frequency) A 138uaz (Percentage) A 10™ an
(Minimum) Ag e a (Maximum) Aady (Mean)
warA1duLT B ULNIATEIU (Standard Deviation)
waradfLy991999 (Inferential Statistics) 193519
'“;mezﬁamaawmwu%umu (Stepwise Multiple
Regression Analysis) 1l 8v1A &N LS 523196
wUsdaszuaziulsny Fsn1sinsieina 2 dutlay

amg o

IlUsunsuadadnsaguivensidemedsnumansly
A5 TUTAN AN hazhUaNan15IVY

NAN15398

dnniAsegnauazdeny
ﬁuam%’aL'%'aumwmﬂssg’t,gmﬁaIWiaiué’WLﬂa
Uindeu Sawinnse wuanunsnsdwlre D uweene
(Sovay 71.40) mqmwmﬂimﬁa 52 ¥ aun1s@nm
seAuTsouAnuineuvate/Uiaund aa (Feuaz
32.90) Uszaumsaflumsiaesiisinsuade 4 3 andn
Tun¥adoundssiuiu 4 Ay ussnuildlunisides
Ralwsesuau 2 au Saiildtesndn 10 Svesadeu (evay
59.63) 16 l@91nAsNNSiAERsns e 2 S Ao 1)
M3 mieias wae 581818 umset 2) mssming
gunsaluaznAndeinUsgy 1ade 11,000 vnsed
NuRINTaNNY TN UNNNITINEAT (SaEay
81.37) waglaimseimunianisdeny Seeay 75.16
iwnsnsldsusmansdunsdsialnsnn deyeaa
uindian (Yewaz 93.79) wavdrulng/lé$uain
fndvnsdaaiunmsineasinnign (fesay 95.03)
509890170 4 pooulad N1SRNBUSTUAIUNIIIE B

Nelnsade 4.18 ASasany

izﬁUﬂQﬂ&Ij’:Lﬁﬂ?ﬁUﬂﬂiLgﬂﬁﬁQIWSﬂ
Wudenageudiuiu 15 18 Asuuudy 15
AZWU HANITNAABY WU LNWATNIHTEAUAINS
A ertunsuoanienisinunsi e egluseiugs
(10.01-15.0 Avwuw) Andudeuas 85.09 Axuuuady
ﬁLﬂH@iﬂi@:Lgﬂﬂ§QIW§QWBUQﬂLﬁWﬁU 11.99 Aglul

' v
Ya VoA

(Table 1) uAganuau3NAIALRINTMOURALINTIEA

laun Nswseun1snaudeaialngs: NsUAURlngg
Fneu (Mssuwamanisnvaeslunaend o
w3enld Tngldsndudossnsieidnsduderswldly
AouRY) Andiudenay 55.28 Sesaunie nsdansuds
nsuiRes (Msiudslidsiefigmanzdi
Huthits Yanduseiiousznsestensunsaiielile

thitsUSnasnnilan) Andiufesay 32.30 (Table 2)

141



MIATIVULALAWESLIVINSNEHT 40(3): 138-151

Table 1 Knowledge level

(n=161)

Knowledge level Number (person) Percent
0.00-5.00 (Low level knowledge) 1 0.62
5.01-10.00 (Moderate knowledge) 23 14.29
10.01-15.00 (High level knowledge) 137 85.09

Mean (Standard Deviation) 11.99 (1.81)
Minimum-Maximum 4-14
Total 161 100.00

Table 2 Knowledge in the raising of Asian honey bee (Apis cerana F.) of farmers in Palian District,

Trang Province

(n=161)

Knowledge in the raising of Asian honey bee (Apis cerana F.)

Correct (%)

Wrong (%)

Breed characteristics 151 (93.79) 10 (6.21)

Castes of bees 140 (86.96) 21 (13.04)
Physical factors affecting Asian honey bee and raising of Asian honey bee 110 (68.32) 51 (31.68)
Preparation before raising: Buying Asian honey bee to raise 115 (71.43) 46 (28.57)
Preparation before raising: Forcing Asian honey bee cavities into frame 72 (44.72) 89 (55.28)
Environment suitable for the productivity: Climate 126 (78.26) 35 (21.74)
Environment suitable for the productivity: Location 122 (75.78) 39 (24.22)
Environment suitable for the productivity: Food sources 136 (84.47) 25 (15.53)
Environment suitable for the productivity: Source of water 132 (81.99) 29 (18.01)
Honeycomb management 141 (87.58) 20(12.42)
Collecting honey from Asian honey bee: Equipment use 141 (88.82) 18 (11.18)
Collecting honey from Asian honey bee: Methods 148 (91.93) 13 (8.07)

Collecting honey from Asian honey bee: Honey harvest 139 (86.34) 22 (13.66)
Important enemies of Asian honey bee and defenses, elimination 145 (90.06) 16 (9.94)

Post-harvest management 109 (67.70) 52 (32.30)

Average 11.99
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Table 3 Practice in accordance with Good Agricultural Practices (GAP)

(n=161)

Practice in accordance

with Good Agricultural Practice

Number of Practice

Every time Sometimes Non-practical

Score

(%) (%) (%) (Translation)
The composition of the farm: Location 152 (94.41) 7(4.35) 2(1.24)  1.96 (high)
The composition of the farm: Bee box 103 (63.98) 47 (29.19) 11 (6.83)  1.69 (high)
The composition of the farm: Device storage 142 (88.20) 18 (11.18) 1(0.62)  1.89 (high)
The composition of the farm: Equipment 151 (93.79) 9 (5.59) 1(0.62)  1.94 (high)
Food sources 127 (78.88) 30 (18.63) 4(2.48)  1.81 (high)
Water 106 (65.84) 43 (26.71) 12 (7.45) 1.71 (high)
Pre harvest quality management 23(14.29) 56(34.78)  82(50.93) 1.29 (small)
Harvest quality management 98 (60.87) 59 (36.65) 4(2.48)  1.62 (medium)
Post harvest quality management: Equipment 72 (44.72) 75 (46.58) 14 (8.70)  1.49 (medium)
Post harvest quality management: Personal 27 (16.77) 62 (38.51) 72 (44.72)  1.30 (medium)
Personal hygiene: Training 37(22.98) 62(38.51) 62 (38.51) 1.37 (medium)
Personal hygiene: Physical examination 77 (47.83)  48(29.81) 36 (22.36) 1.62 (medium)
Personal hygiene: Dressing 120 (74.53) 36 (22.36) 5(3.11)  1.77 (high)
Personal hygiene: Cleanliness (place/equipment) 146 (90.68) 13 (8.07) 2 (1.24)  1.92 (high)
Animal health: Disease and enemy control 101 (62.73) 44 (27.33) 16 (9.94)  1.70 (high)
Animal health: Residual removal 88 (54.66) 39 (24.22) 34 (21.12) 1.69 (high)
Animal health: therapeutics 1(0.62) 9 (5.59) 151 (93.79) 1.10 (small)
Environmental management: Waste water 130 (80.75) 8 (4.97) 23(14.29) 1.94 (high)
Environmental management: Garbage 116 (72.05) 20(12.42) 25 (15.53) 1.85 (high)
Record keeping and traceability 28 (17.39) 49 (30.43) 84 (52.17) 1.36 (medium)

Average 1.71 (high)

Non-practical (0 points) were not analyzed for mean
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Table 4 Multiple regression analysis Factors Associated with Good Agricultural Practices in the raising

of Asian honey bee

Variable B B t P- Collinearity Statistics
value Tolerance VIF
(Constant) 1.449 - 10.434  0.000 - -
Education level (X3) -0.010  -0.147 -2.116  0.036 0.850 1.177
Experience (X,) 0.024 0.198 2906  0.004 0.883 1.133
Group participation (Xo) 0.121 0.189 2542  0.012 0.741 1.350
Number of sources of knowledge (X;;) 0.033 0.330 4914  0.000 0.910 1.099
Number of training sessions (X;,) 0.023 0.278 3.619  0.000 0.694 1.442
Good agricultural knowledge of farmers (X;3)  -0.031  -0.212  -2.902  0.004 0.766 1.306
F=16.133*** P-Value=0.000, SE.;=1.984, Durbin-Watson=1.497

R%2=0.397,

R?Adjusted=0.372
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nanfu (Fovaz 88.82) (Table 6)

Table 5 Problems of farmers for the raising of Asian honey bee
(n=161)
Problems X S.D. Needs of farmers Person
(%)
Production problems Productivity Management
Funding 262 1.14  Marketing 3.28
Knowledge 281 1.09 product price 2.87
Protective clothing/equipment 241  1.20  Product processing 2.60
Adviser 242 117  Packaging 2.53
Skilled labor 215 1.23  Output exceeds market demand 2.42
Unsuitable environment 328 152 Insufficient market demand 1.84
Leave / move the nest 341 137 Consistency of honey quality 2.42
Forcing Asian honey bee in frame 325 145
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Table 6 Needs of farmers for the raising of Asian honey bee

Needs of farmers

Person (%)

Good Agricultural Practice Training

Forcing Asian honey bee in frame Training

Post-harvest management Training
Product processing Training
Certification Instructions

Marketing

Product development

Funding

Training and study visits

132 (81.99)
144 (89.44)
100 (62.11)
135 (83.85)
118 (73.29)
143 (88.82)
138 (85.71)
118 (73.29)
4 (2.48)
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This research aimed to study 1) implementation of Phatthalung Native Chicken Community
Enterprise group. 2) identifying the operating problems of Phatthalung Native Chicken Farming
Community Enterprise group, and 3) proposing a guideline for developing the operational potential of
Phatthalung Native Chicken Community Enterprise group of Ban Tak Daet Community, village No. 14,
Khuan Maprao Sub-district, Muang Phatthalung District, Phatthalung Province. This study employed a
qualitative approaches which included using a case study approach, collecting data from related documents,
interviewing from a group of 12 key informants and using participatory observation technique. The
operation of Phatthalung Native Chicken Community Enterprise group can be classified into four areas:
1) organizational management 2) production management 3) marketing management, and 4) financial
management. There are some problems in organizational management, production management,
market management and money management that are still inefficient, can't be totally self-reliant,
limitation of product and marketing mechanism that cannot meet the needs of customers. In the future

the group should improve by studying, training, and developing an effective model of operation.

Keywords: the operation, community enterprise, native chickens
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Figure 1 Organization structure of community enterprise group raising Phatthalung native chickens
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The objectives of this research were to study 1) gathering general information of beef farmers
in Chainat province; 2) the rearing conditions of beef cattle and their marketing; 3) problems and
obstacles in rearing beef cattle and 4) promoting, extensions, and support for beef cattle. The samples
were 325 beef cattle farmers in Chainat province. The data were collected using a questionnaire.
Statistical techniques used were frequencies and percentages. The research findings found that the
majority of farmers were male (51.08%), aged 41-60 years old, and have completed primary education.
Most of the farmers had more than 10 years of experience in rearing beef cattle, mainly as a secondary
occupation (71.08%), and used nearly entirely domestic labor (98.15%). The majority of cattle breed
was cross-bred (95.38%) between Brahman and Brazilian Hindu reared in semi-intensive systems
(62.46%). Regarding the marketing data, it was found that most of the cattle were sold in whole after
visual inspection of the cattle (68.31%), by the middleman who bought them in the village (82.77%).
Most encountered problems and obstacles in rearing cattle were nutrition, feeding, and marketing due
to unstable and low prices. Data on the need for extension, promotion, and support indicate that
farmers require additional knowledge and support mainly in the areas of breeds and breeding

improvement, health care of beef cattle, and marketing.

Keywords: rearing conditions, need for extension, beef cattle rearing
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Table 1 Demographic data of beef cattle farmers in Chainat province

Cattle farmers Number Percentage
(n=325) (%)
Gender
Male 166 51.08
Age
Less than 20 years old 1 0.31
20-30 years old 17 5.23
31-40 years old 51 15.70
41-50 years old 90 27.69
51-60 years old 116 35.69
More than 61 years old 50 15.38

Educational level

Lower primary school 19 5.85
Primary school 184 56.62
Secondary school 86 26.46
Diploma 22 6.77
Bachelor’s degree 13 4.00
Upper Bachelor’s degree 1 0.31

Income from cattle
Main income 94 28.92

Secondary income 231 71.08

Number of individuals per household

1-2 people 61 18.77
3-4 people 168 51.69
5-6 people 71 21.85
7-8 people 23 7.08
9-10 people 2 0.62

Number of household labor

1-2 people 294 90.46
3-4 people 28 8.62
More than 5 people 3 0.92
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Table 1 (Continued)

Cattle farmers Number Percentage
(n=325) (%)
Number of hired labor
No labor 319 98.15
Hire 6 1.85
Cattle rearing experience
Less than 1 year old 55 16.92
1-5 years old 93 28.62
6-10 years old 37 11.38
More than 10 years old 140 43.08
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Table 2 Rearing conditions and marketing of beef cattle in Chainat province

Rearing conditions Number Percentage

(n=325) (%)

Rearing systems

Barn 40 12.31

Free-range 78 24.00

Semi-intensive 203 62.46

Other il 1.23

Farm size

Small size (less than 29 animals) 277 85.23

Lange size (more than 30 animals) 48 14.77
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Table 2 (continued)

Rearing conditions Number Percentage
(n=325) (%)
Beef cattle breeds
Pure breed 11 3.39
Crossed-breed 310 95.38
Native breed 4 1.23

Mating systems

Natural mating 166 51.02
Artificial Insemination (Al) 113 34.69
Mixed-natural and Al 46 14.29

Feeding systems

Only forage 302 92.92
Concentrate and forage 14 4.31
Total mixed ration (TMR) 9 2.77

Pasture for beef cattle

Yes 187 57.54

Feed reserve

Yes 277 85.23
Vaccination
Yes 241 74.15

Vaccination against Foot-and-Mouth disease

Yes 235 72.31

Blood test for Brucellosis

No 205 63.08

Deworming programs

Yes 249 76.62

Consultant for cattle health problem

Animal husbandry officer/assistant 240 73.85
Neighbor 15 4.62
Themselves 37 11.38
Other 33 10.15
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Figure 1 Production and marketing of beef cattle in Chainat province
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Table 3 The problems and obstacles to beef cattle in Chainat province

Problems and obstacles Number Percentage
(n=325) (%)
Breeds and breeding 64 19.54
Feed and feeding 90 27.67
Production efficiency 48 14.77
Health care 34 10.46
Marketing 90 27.56
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The objective of this study was to analyze farmers’ willingness to pay (WTP) for natural enemies'
products. A questionnaire was used for collecting data from safe rice producers in Chiang Mai Province.
The WTP’s value for natural enemy products was analyzed by means of the means, while the factors
influencing the WTP’s value were analyzed by the Tobit model. The results indicate that the products
of natural enemies have three types 1) stink bugs, 2) assassin bugs, and 3) trichogramma. farmers were
willing to pay 348.08, 361.10, and 428.70 Bath. per pack, respectively. The factors that affected the
increase in farmer's WTP’s value were the increase in age of the respondent, agricultural income,
knowledge of organic agriculture, perception of natural enemies, ownership of land, and agricultural

news awareness channels through academic journals and online channels.

Keywords: farmer’s willingness to pay, natural enemies products, contingent valuation method
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foy 3 = Uunane 4 =N 5 = 1Iniian

fiauwls ACC Ao seaun1seausumalulad
aunsdesiunagindnuuasdngiy (Likert scale 5
sesu) Tnedt 1 = T lulduduen 2 = mad1aglild
3 = Liwdla 4 = madezdhldly 5 =ihluldegna

LU

fauts HOLD Ao misfionsasiinu (Mufinuos)
(1=14 0=3u9

FauUs LAND Ae s1uuitudl (15) iduduus
RAEFTRY

AU SOUTL Ao Wna dun UN1SVINEAS
(ueaiFog @) (1 =14 0 = Bu )

AUs SOU2 AB UWVAUIUUNTYINAYAT
(ngsunsnsvieavnsal) (1 =14 0 = Bu )

AauUs CHANI Ao ¥09n19n135U3 ¥ 1a03
Manwns (nerzelngviend) (1 =19 0 = du 9)

AIUT CHAN2 AD Yo nssu3919ensng
\nwes (Msansviielenansndivnns) (1 =19 0 = Bu )

AUUs CHAN3 Ao ¥8eM19n155u5¥1ans
s @Eedsnueeulad) (1 =19 0= 3u 9

Tnemulsildlunsfnsazudmmnnn s
fisreasidondolil Joyaduusuinsuudyea
(Nominal Scale) Fvtavian 7 fauus Usznaulude &
wUsine (GEN) fauusnisiiensesdi Aumsnisinens
(HOLD) dauvsuvaaiunuluhmsinumsd 1 (SOU1)
Fauvsuna adunuluviinisinunsi 2 (SOU2) way
799M19N15FUT YA TINNTINEATI S 1 89 3
(CHAN1-3) Tnedauusianunaedaliidudaudsda
U5z (Categorical Variable) visafauusyu (Dummy
Variable) TeawiBeamastausasulaned finunsnsd
Wuwernedudaulug Anduiovay 62.00 Tudu
Y94N"158 0ATOI AUNMTNBATIUIN LNYAINTTD
asosfinudenuendundnidndruri q funisin
Aadusovaz 50.40 daurfAouna uIwTuvunia
nsinwasldRunuaueadundnunissesas 64.60
wazldiTun uannguinensnsazannsalidundn
Yowaw 19.80 Tudnmosomnaiuiiia 3 oams ¥ud 1)
Inguaznsimd 2) 1sanv/dngansnisinunsuas
wnens wae 3) Yomseeulay Sinyasnslddesnasig 9
Andufoaz 4.80, 5.40 waz 29.80 MUFIAU (Table 1)
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Table 1 Descriptive statistic values of independent variables (nominal scale)

Variable No. Percentage Variable No. Percentage

1. GEN 5. CHAN1

Male 310 62.00 Radio or TV 24 4.80

Female 190 38.00 Otherwise a76 95.20

Total 500 100.00 Total 500 100.00
2. HOLD 6. CHAN2

Own 252 50.40 Agricultural joumals 27 5.40

Otherwise 248 49.60 Otherwise 473 94.60

Total 500 100.00 Total 500 100.00
3.50uU1 7. CHAN3

Own or relatives 323 64.60 Social media 149 29.80

Otherwise 177 35.40 Otherwise 351 70.20

Total 500 100.00 Total 500 100.00
4. SOU2

Cooperatives 99 19.80

Otherwise 401 80.20

Total 500 100.00

TayafuUTInT18m31dIu (Ratio Scale) &
siavmn 7 dauls Usenouluiuuseny (AGE) fauys
n15A w1 (EDU) AauUsUseaun1sain1syininens
(EXP) @AuUs3112ULs9971 (LAB) Aaudssielania
N3RS (INCA) AauUss18lAUeNAIANITINYAS
(INCO) azsuusalaane (COST) Tudruvsdiuys
1IMI19UNTAA (Interval Scale) & 1 fauds Ae fa
wsauanudlai eadunisvinensdunid
(KNOW) Tnesfaudsitanunagldanasaainnisdisia
tfuite Wusundeiin FUadunvDIiIMlTaTY
Igered] mqmaqmwmm?{wszmm 59 U 1uraseny

7IN1899¥8NALNISYINIU HANITIUINTAITAN YN

Tnoad owindu 10 3 wievresedudulsoudy
Uszaunisalnisyinisinensusennu 31 U 91uau
ussuildUseana 2 au dlvgduganiingse
Fefuinisiness ludumeldnanisnunsiady
WU 8,944.32 UnmaLiau s1elauannia
ASINERSRABYIAY 17,792.33 Umsawiou §au
Algsrelunsidndmgiviadswindu 554.71 un
sols uazamieaugmiudladsrdunisi
unsBun3S dfnusioaun 15 e eTaaud
inwasnsnguiiegdanufiAsadunisinnuns
Sunsdrautned esnniezuuwadswiiu 12,01

AzLUU (Table 2)

181



MIATIVUALAWAIUIVINTNEAS 40(3): 176-189

Table 2 Descriptive statistic values of independent variables (ratio scale and interval scale)

Variable Max Min Mean Unit
AGE 88.00 16.00 58.55 Years
EDU 21.00 0.00 10.14 Years
EXP 65.00 1.00 30.78 Years
LAB 10.00 1.00 2.08 Peoples
INCA 72,320.00 950.00 8,944.32 Baht/month
INCO 63,000.00 0.00 17,792.33 Baht/month
COST 685.71 500.00 554.71 Baht/rai
KNOW 14.00 5.00 12.01 Scores

feanduiusnmnis s usu (Ordinal Scale)
TaglunisAnelaluiAnuesdimosy (Likert Scale)
Usznaulusie daudsiauniifeatuinensdunss
(ATTA) fudsiirunfiAedfunndnuasaud (ATTP)
AuUsN135U3 (PER) wagduusseaun1seausy
wialulagvnisnisinens (ACC) 210 Table 3 AauUs
WAuARLA B U YRS BUN3 BilA11e8 pvasFauUsd
WU 3.85 LaRsINERSNSIILA e UNMSNSINYAS
wuuBwEe daunudimuadifeiunadnuazdudn
fiAnadsveaudsiwiiiy 4.18 uansinnensnsld

ARy iuAuanyurauA1AauT9Es Tudiuves
fuusmssuitanadevesiusiuiniu 2.71 wang
Junwmsnaiimefuieylussduuunasiuminsaniy
TunwnsnanelagwBamemiunteu sHanasslel
YDILNAIRINGT Wt lalanansauenvinvaeuuasniy
ANANNTOVDILNALY gavinefie AaulsseAunIs
sousumaluladvansinuasiianadsvoswiauusi
Wiy 3.63 uansiinunansaninaztumaluladil
W9 esanmisAnunilnesimanfasiuuasdng
sysurAdumalulagvninisinees (Table 3)

Table 3 Descriptive statistic values of independent variables (ordinal scale)

Variable 1 2 3 4 5 Mean Meaning
ATTA 0 0 65 422 13 3.85 Agree
0y (0) (13.00) (84.40) (2.60) [0.321¥
ATTP 0 0 56 298 146 4.18 Most
(0) (0) (11.20) (59.60) (29.20) [0.49]
PER 102 73 195 130 0 271 Moderately
(20.40) (14.60) (39.00) (26.00) (0) [1.07]
ACC 0 0 190 303 7 3.63 Most
(0) (0) (38.00) (60.60) (1.40) [0.51]

YThe percentages in parentheses () are based on 500 farmers. ?The value in parentheses [ ] is the standard deviation.
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NAN15738

Foyaiugruduyana isugha uazdsauuos
NYATNT
wnunsnsnquilegdulugiduinanie
Aafuenay 62 floryiaduagdl 58 T Hunansin
dllvy Dunmsnsioghuieizdweovendviliisusiold

iememlavinde anvisdanuinuyninsiiienguin

Nanagh 88 U dunansliniuinnisiluneasnsiu

Y

Lidrineetuegiumdusanieiiamisavinlaidu

a A

913w 1uenues M3ANYIvDINGUAI0ES
WwABegUsznal 10 U viedaslsensu Uszaunisal
msviunuasiiAedsegil 30.78 WieUszanal 31 1
FUULTUlUNTTUIUNTUALAE AT ALLAIAR
Trindsegiivszann 2 au Tuduvesnglduvaiy
gesdiu druusnAe 1eldniAnIsinyasHUIl &
sneligeanintu 72,320 vinseiieu uazgaegl
950 UnsBlfiou dufiaesde solduennin
nsinunswud fiseldgaanegi 63,000 uinse
Wou uazshande luflseldludiios dunansin
nwRINsUNTIedsglianaianisinyasiiesed
ety dununisdosiusazidauuasdngii
wuiiiduyuiedeeyil 554.71 vinsels Tnodunu
fanadusiunulasuszanasenieseunisndndn
falgdnsmutuausslumsidndngfiouds doya
Refuimuailusnusing o vesnunInsngusiietng
wiaduimuadsuinunsdunidaadoeyi 3.85
wansinnunsnInaudieg st uivauafiisasu
\nwasBuNIETiuInwoauAs Hruefidun1sdenie
waRAstdndngianuindauadoeyil 4.18 wansin
Fnunzvoandand adus mTadag i vl ul
ANMUAIA YA BN EYATNINAUA18E13 TudIues
mnufiAsIiunsineasdunidandiaiu 15 9e
wuInwAInsiinIiedsysyann 12 azuuy Ao

Jusgduazuuuiiawn e1aflanvsnunaininuasns

ngufegadununsnsiinsinunsuuulasnde
ludaduriinunsuuudunisiailianuiludd
Aaud19ge daundunissusfauasdngsssuvif
wuididuedvegil 2.71 wansiinumsnIngusaoeng
HEnuasdngsssundlussiuiingldduddnnsuis
Uselewd udliflstunenuezaneiiugurismngiugla
luahureinisyansumaluladn1anisinunsiaznis
ihluldwudn feedveyd 3.63 uansinnuasnsdl
n1sgausukaza1nIazmalulagninisinens
Tl 9 lusuldlumsvimsineasuuuid Toyaves
fufiuaznisionsesiiufivmamainunswuii fufing
yhnsineazaioogi 11.64 19 Tnsdensesiiufiseg
nuesAnduiesay 50.02 uardensosiiuiilaenis
wAadusesaz 75 wnaudunulunisiinisinens
windu msldlunuauwesiniduiosas 64 unas
Funuainnauinuasnsvieavnsniufnduiosa
59 WaranvoumMAIIWYUIINEUIASITENNSINYAST
(5na.) nieswiarswidlyd Andudovay 72 foidu
uwaaiuyuitnisldundiaalunuasnsnguil waglu
duaevnede Teyavesuvasdeyafisatunisinuns
wundu IngnIelnsimisosas 82 1158715130
lonansaivnisiesas 5 doosulaviiesas 46 uas
Foannsdu § Sevay 67

yaAanuduladnendadiugivesnuasns
nadwgannsldmananedauuuaninds
(Double bounded close—ended question) (Table 4)
HANISILATIERNUIN Lneasnsaulng din1seusy
muauamm?’?&aam%ﬂ (AMBU AB Yes, Yes) VD4
wﬁmﬁmsﬁuumﬁmgﬁimﬁmﬁﬁq 3 ¥ia (WIUNAIR
wumvasnawazunudouldlnslaunsuun) Anduy
¥ouaz 48.20, 50.60 uay 28.00 MUY uenanil
W ol ldun g 1929511819897 AR NI
freg FalFTnsnudnfennudalategeanlngld

mauUaneile (Open-ended question) NaaNsNLA
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lnlsvauwnvasrsanudulagnelv As 200 A
390 UNsawiiA ﬁm%’wﬁmﬁmsﬁuuaaﬁmgﬁiimﬁﬁ
A7 1 (WIURLIR) 6AN1 210 59 420 UINHBLNA

dwsundndaeiuuasdngsssuyavidon 2 (wu

LNTRIATA) kA 250 §9 500 UM BWNA d1USU
HAnduLuasAngssIUAYdan 3 (unudouly
Tnslaknsusn)

Table 4 The result of asking with the double bounded close-ended question process

Price No. 1 Bid Price 2" Bid %
(Baht/pack) Result No. (Baht/pack)  Result No.

Stink bugs 200 500 Yes 394 300 Yes 241 48.20
No 153 30.60

No 106 100 Yes 99 19.80

No 7 1.40

Assassin bugs 200 500 Yes 391 300 Yes 253 50.60
No 138 27.60

No 109 100 Yes 107 21.40

No 2 0.40

Trichogramma 300 500 Yes 291 400 Yes 140 28.00
No 151 30.20

No 209 200 Yes 156 31.20

No 53 10.60

d1sun1sUseNIum1 Mean WTP Lag
Median WTP @S uNdnd sl dngossuya Tu
AsAnwi 1 Lognormal distribution AuA1 WTP
InglaiimudseSuradnuniiansunnie wseisendn
98191431 Unrestricted Lognormal (Vanit-Anunchai
and Schmidt, 2004) nan15AnwILandna Table 5
NWUIIAT Mean WTP 1915 UHEa A sl uuaadng

555U IATIAN 1 (WIuNe10) HERTUNULAIANT
SITUVNAVTAN 2 (LIUNVUUNG) WALHANN U9 LLUA

Fngsssuaviai 3 woudoulalnslaunsusi) fid
WINAU 348.08, 361.10 WAz 428.70 UNNADLIAA
nudIFU ueNaINi nan1TUsEIIUAT Median WTP
WU nuasnaAnlaTed S unandueiunacdng
s3surnAviad 1 (uiufians) nandusiuuadng
sssuvAvied 2 GRumvANg) WagHANSeILIAS
Angsssumdnind 3 unudoulylaslaunsuaii)
A2831AN5I5831U 347.18, 360.02 Uay 420.56 UM

HOLNA A1uaIsU (Table 5)
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Table 5 Mean WTP and median WTP value of all 3 natural enemy products

Types Mean WTP? Median WTPP
(Baht/pack) (Baht/pack)
Stink bugs 348.08 347.18
Assassin bugs 361.10 360.02
Trichogramma 428.70 420.56

L+
@ Mean WTP calculated from €

‘Uaﬁ'ﬂﬁﬁwam’amwlﬁﬂaah&mﬁmﬁ'msmmmﬁ'mg
sysuvRveanEnInIfuandnuuulaensie
INNIITHAUIHE AT U UIAIA N 5ITUYIR
ielmdundasasiindoulduasiimuazmnlunisly
snnilaeinuiienn sumaens wasunudeould
lalasunsuaing oglundndne S uszeglufannse
i luuiivgndmlfieligenuazengnsldn
¥ty wagldvihnsaevanumnuislafazsnedu
Lﬁa%@mﬁmﬁm%uuaaﬁmgﬁiimﬁLLm'aszjﬁm NAN1T
Uszanmuadulszans vasuuusassiladeiidnase
mwmﬁﬂﬁmﬁawﬁmﬁm%mmﬁmgﬁsimﬁﬂgﬂ 3 5ilp &
anslndiefusnniiunssuuswinduiifianuunneng
Imsﬁj'«J'&j’ﬂﬁﬁwaﬁiammLﬁﬁl'«a'«jwamaqwﬁmﬁwﬁwmﬁmg
sysumvhe 3 wila et 01g (AGE) Tnareraidiala
Sty §sdenedesiunuiseves Erdem et al
(2010) Saundusudsuszaunisal (EXPA) Sxavinle
Anufslagtsanas WinalwR gt uivauI deves
Pokou et al. (2010) Tug U IR IUUTTIUIULTIY
(LAB) fiwaviiliannufinlesnuanas 3 saenad oty
U3 T8U09 Echessah et al. (1997) Faundusduds
eldaTSounAnIsnERs (TINCA) Hnasannuiaile

and ®Median WTP is equal to 6“

Frefiiiudu wesduusdunu (COST) fuavilfa
wialasdwanas deaonndosiuruddaves Gulseven
(2014) MeF AU TANNTA Bt U WA UNT &
(KNOWA) ff wan 0a21aLd ulas e 18 ud u 1
WA UAUIIUIT8UDY Yooyen et al. (2011) A3
Duduusnssudrounasdngsssuy@ (PER) Inane
Al ediug u 3 sdenndastunuiToves
Erdem et al. (2010) Tudruvesiaulsnisioasosiinu
Fremuies (HOLD) finarapnufialagefiiuiu 4
AOAARBINUNUWITBUBY Pratiwi et al. (2019) wazdlu
Y89 UU T AV 18A 9% 8IN19N1TTUS U 11d15N19
MINERTHILENENTITINshazd oeaulay (CHAN -
3) finarondalesned i ud u § wwenad ey
9143 Soves Pinthadit et al. (2018) dausiaudsi i
snsnatuaudnlasnevesndnusiuuRenaies
HARAUILAYY AD AalUsNNSEaNSU (ACC) inananiny
ialageifind uwasiuysiid sviswasannuiale
918v09Ka A gl uauld sulalalasunsuy 1w e
HANTUIGEY AB AuUTAUANYEYDIEUAT (ATTP)

Tnareruiuladnefianas (Table 6)
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Table 6 Parameter estimates of determinants of WTP towards natural enemies products (Tobit model)

Variable Coefficient (B)

Egg natural enemies products

Stink bugs type Assassin bugs type Trichogramma type
Constant 248.861%** 233.296*** 276.104%**
GEN (X1) 0.731 0.755 1.002
AGE (X2) 0.251%% 0.230%** 0.306***
EDU (X3) 0.262 0.420* 0.404
EXPA (X4) -0.151%** -0.161%%* -0.193**
LAB (X5) -0, 735%** -6.389%** -7.934%**
TINCA (X6) 0.002%** 0.003%** 0.004%**
TINCO (X7) 3.91e-05 3.77e-05 4.57e-05
COST (X8) -0.088*** -0.080%** -0.090%**
ATTA (X9) 2.755 4.392* T.A71%
ATTP (X10) -1.148 -2.136 -4.913**
KNOWA (X11) 5.819%* 6.144%** 7.532%*
PER (X12) 14.290*** 18.975%* 20.090***
ACC (X13) 1.851* 1.283 2.286
HOLD (X14) 4.543%x* 6.675%** 10.749%**
LAND (X15) -0.120 -0.178* -0.179
SOU1 (X16) 2.037 3.928** 5.453%*
SOU2 (X17) -3.076 -2.000 -1.665
CHAN1 (X19) 1.645 1.981 -2.597
CHANZ2 (X20) 7.576*** 13.208*** 14.760%**
CHAN3 (X21) 7.040%** 8.445%** 6.729%**
Sigma 146.25 202.65 349.833
No. observations 500 500 500
Log likelihood function -1,301.89 -1,317.75 -1,471.36
Pseudo R2 0.34 0.36 0.31

* ¥ ¥ indicate significant at the P<0.10, P<0.05 and P<0.01, respectively.
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Unit Cost Analysis for Smart Frog (Hoplobatrachus rugulosus) Farm
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The objective of this research was to 1) study the cost per unit of nursing of frog tadpoles,
traditional farm and smart farm 2) analyze the cost per unit of the smart frog farm: a case study of the
Faculty of Fisheries Industry, Department of Aquaculture, Nakhon Si Thammarat College of Agriculture
and Technology. The research was carried out in five steps, as follows: 1) studying general information
of traditional frog farm and smart frog farm, 2) analyzing organization structure for determining unit cost,
3) calculating unit cost of traditional frog farm, 4) calculating unit cost of smart frog farm and 5)
comparing unit cost of traditional frog farm with smart frog farm. The results showed that the cost per
unit of traditional frog farm was 1.98 Baht which was divided into labor cost 1.59 Baht, material cost
0.34 Baht and capital cost 0.05 Baht. The cost per unit of smart frog farm was 1.87 Baht which was
divided into labor was 1.13 Baht, material cost 0.70 Baht and capital cost 0.04 Baht. Moreover, the unit
cost of the traditional frog farm was higher than smart frog farm of 0.11 Baht. The smart frog farm has a
lower labor cost but has a higher material cost than that caused by the electronic equipment used.
Therefore, the equipment should be chosen to have the appropriate of specifications for use, including
the maintenance of the equipment in order to control the cost of materials to be appropriate for

production.

Keywords: unit cost, nursing of frog tadpoles, smart frog farm
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Figure 1 Calculation of the unit cost of nursing of frog tadpoles
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Smart farm frog nursery pond

Figure 2 Physical structure of a frog nursery farm
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Table 1 Cost units of Nakhon Si Thammarat College of Agriculture and Technology

Functional cost centers

Support cost centers

F1: Faculty of Plant Science

F2: Faculty of Animal Science

F3: Faculty of Fisheries Industry

F4: Faculty of Administration

F5: Faculty of Agricultural Mechanic

F6: Faculty of General Educations

S1: Personnel, general administration and
public relations

S2: Finance and accounting

S3: Infrastucture, vehicles and maintenance

S4: Parcel work

S5: Information center, plan and budget and

internal control

N3AUIUAUYUABNLIBYBINSHBYUIAGANUUD
wuusady udseendu 3 dau fedl
1) Fumumenssianan (Total direct cost; TDC)
FUNLYNIA T INATa S B R UYL TUMEN
(Functional cost center) 9847 NE1A YLNEYATHAL
welulafunsaisssusviunniigadevtisaunis
\SHUNITARUUINITEINA (F4) 97U7U 6,543,704.38
U T998917AD MUIBINVITULAZIIUNITEIIUNT
FOULNUNIYINYANERT (F1) Mg uanlydunus
(F6) RUIIUNITURAZITUAITTOUNTHOULHUNIY
Us8399namn I3y (F3) Mheaunsiseun1sauyns
NALN©YAS (F5) WarRUIBIUNITULAZIIUNITITBUNT
aouwNunIMdnIA1ans (F2) 9119 5,412,372.59,

4,414,260.51, 4,414,260.51, 3,513,308.51 way
3,206,601.09 U ANUA1IAU

FuNUN1IRTIR LAY 8 F N UL
aduau (Support cost center) YBIINUITULNYAT
wazmaluladunsaisssusviunfiandenisauy
91A1TANIURA HIUNINUTLAYIIUT DUUITS (S3)
U 3,999,741.09 UM F8489UIADNUILIU
N3RULAENSUYT (S2) MIIBUYARINT VIS4
yhlduazudssmndunius (51) nieauguddoya
ANTAUNA IUNULAZIUUTEUI dUaSUNEANS
n1sAazauAIuANA1ElY (S5) Wagniigaunan
(S4) 917U 1,414,205.35, 1,368,639.76, 855,111.97
WAy 729,414.57 v Mmua U (Table 2)

Table 2 Total direct cost (TDC) of Nakhon Si Thammarat College of Agriculture and Technology

Cost Units LC MC CC TDC
(Baht/year) (Baht/year) (Baht/year) (Baht/year)
Functional cost centers

F1: Faculty of Plant Science 2,199,922.75 3,171,885.18 40,564.67  5,412,372.59
F2: Faculty of Animal Science 1,466,615.16 804,530.18  935,455.75  3,206,601.09
F3: Faculty of Fisheries Industry 3,299,884.12 839,530.18  143,942.00 4,283,356.30
Fa: Faculty of Administration 5,499,806.87 494 530.18  549,367.33  6,543,704.38
F5: Faculty of Agricultural Mechanic  2,933,230.33 494,530.18 85,548.00 3,513,308.51
F6: Faculty of General Educations 2,933,230.33 504,530.18  976,500.00  4,414,260.51
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Table 2 (Continued)
Cost Units LC MC CcC TDC
(Baht/year) (Baht/year) (Baht/year) (Baht/year)
Support cost centers
S1: Personnel, general administration 733,307.58 590,280.18 45,052.00 1,368,639.76
and public relations
S2: Finance and accounting 1,099,961.37  298,280.18 15,963.80  1,414,205.35
S3: Infrastucture, vehicles and 3,666,537.91 325,280.18 7,923.00 3,999,741.09
maintenance
S4: Parcel work 366,653.79  350,280.18 12,480.60 729,414.57
S5: Information center, plan and 366,653.79 378,280.18 110,178.00 855,111.97

budget, promote trade productivity

and internal control

97N Table 2 Lﬁ'aﬁmim%awwwmaﬁunu
QUNEN MIBNUITULAZIUNITTHUNTABULNUN
JUszasgaavingsy (F3) dadumbesuyuaumdn
A edesiunsoyuiagnuuInyINddun s
Hanuawiniu 4,283,356.30 U9 AUNUAMIININY
3,299,884.12 UM ﬁ?fwizﬂaulﬂﬁwmLLiaﬁuamﬂa’m
$1uau 9 AU FunuAtTagviity 839,530.18 UM B
Usenauluaienldinglunsaniulasinig frdan
dtine Ararsrsaulne Adsfudomduardn
FOULYUFN BATAUUANGIUVAY 143,942.00
U FeUsznevlufeadousinvesngSnmiuas
darioas
2) funusauviausa (Total full cost; TFC)

AUNUTINVIVUAYBINUILAUY UMD LAA

INEBF UM UN1IN T UATB N B F U UITY
anvayulududasmieduunura naunMI ke
anstudusuyy NansAnwnUIInendennshay
walulaguasessssuTy Imiieaunsiseunisaou
Usgana (F4) Wumbesuyuanumdniidduus
Favmngaaafa 9,623,395.55 UM 989D Wi
NUYNTULAZUNITTEUNTADURNUNIVINYAANT
(F1) nU3891UN5LF suN1saouy19nanens (F5)
MUILNUNSURAZIUNTF UM TADUUNUN I UTEI
9AaIMNTTN (F3) Mileuadyduius (F6) uas
MU UNITULAZIIUNITIT HUNITABURKUNT U
&menans (F2) ﬁﬁﬁunuaauﬁammﬁﬁu 6,655,380.48,
5,349,991.80, 5,248,078.84, 4,562,679.36 uay
4,301,190.12 U asa ey (Table 3)
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Table 3 Total Full cost (TFC) of Nakhon Si Thammarat College of Agriculture and Technology

Functional cost centers MC CcC TFC

(Baht/year) (Baht/year) (Baht/year) (Baht/year)
F1: Faculty of Plant Science 3,125,906.49 3,460,445.85 69,028.14 6,655,380.48
F2: Faculty of Animal Science 2,282,033.68 1,058,635.84¢ 960,520.60  4,301,190.12
F3: Faculty of Fisheries Industry 4,018,558.07 1,063,487.71 166,033.05  5,248,078.84
Fa: Faculty of Administration 7,794,035.24 1,209,471.54  619,888.77  9,623,395.55
F5: Faculty of Agricultural Mechanic 4,301,474.96 920,910.87 127,605.97 5,349,991.80
F6: Faculty of General Educations 3,043,795.55 538,985.19 979,898.62  4,562,679.36

91N Table 3 Liaﬁmim%awwmwﬁunu
AUNEN MUIBIUNITULAZIIUNITIT BUATADU
uwundvUseasgaamnssa (F3) dadunedumy
$undni LA adesiuniseyuIagANUUINUIY
ddunusautanuaviafy 5,248,078.84 v 49
Usgnovlualeduyuaiusuingu 4,018,558.07
Wisdu 718,673.95 UIN AINFUNUALTIVOIMIE
AunuIUETUaYY AuuAITainaY 1,063,487.71
W ud U 223,957.53 uam 9w aed U Uy
AtluayY LagAunuAIanwiiu 166,033.05 i

22,091.05 U NMLILAUUILATUaYY

Table 4 Unit cost of traditional frog farm

3) Auyusianae (Unit cost; UC) n1sayuiagn
nuUWhSILUUAIRL

Junsiwaienzduyuseiieremiiy
FUYUUMEN MUIBNUNISURAZIUNITSBUNITHOUY
WHUNIYUTTUIRAAINNTTU (F3) Fadunissay
fifendestumssyuiagnauin Tnsfiuseyuiasuiu
10 Uo s0UN3i89 4 s0UsieT ayUIRgNAUL 3,000
F5aUD 9R31N15507 1,500 fasaus Antdusasas
50 HaNSANYINUINAUN UsDNYIBNITOYUIRYNNY
uhsuLUUA AR IRy 1.98 vinseda udady
FUVUANLTIIINAU 1.59 Umsef AuyuAnianyiniu
0.34 UMAaAT LagAUYUAIRM U 0.05 UMsesa
(Table 4)

No. Cost type TFC TFC per cycle ucC Percentage
(Baht/year) (Baht/pond) (Baht/unit)
1 Labor cost 95,113.80 2,377.85 1.59 80.3
2 Material cost 20,330.67 508.27 0.34 17.1
3 Capital cost 3,174.05 79.35 0.05 2.6
Total 118,618.52 2,965.47 1.98 100.0
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910 Table 4 uansliiuinfunumenyse
YDINTOYUIAGNNUUIINII LU AL TTTAIn
fandefunueusafosay 80.3 Feusznavlldae
WULABUTI51YN15 WuUIeIeunUs (Anegiue)
Wuaugndnelsedn A191amEnaIusIInIs A1979
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ANNBULNUINATINNEDY Andeadeaiinlussnis
warlIuaNNUUTEAUdIAL J09a3U1ADAUNUAIIAR
Yoway 17.1 FsUsznaulusmoaildanglunisfuiu
lasams andandinanu Aasisudlana (@l f
Tnsétwst Alusudld Ahussun uagAdunosidn)
Anhifud oA suazedonnaumigeg WATAUIUAT
aanuievay 2.6 Teusznauludioenidousian
Asfusiuazdenioadn
4) N13ATUIMAUUABNLIY (Unit cost; UC) N5
ayuIagNNUUINISHSaRTYE

N1SANUIUAU UADVUIBVBINITEUUIAGN
nuuuuLThisseiendunsiundunuiiingu

31NA15UABULUAITURUUNITOYUIANAULIRIN

Table 5 Unit cost of smart frog farm

wsunvunafuduniseyuiagnnuuuusaases
TngnseyuiagnnuukuunsugInsezinisoyuIa
anAuW1 3,000 MreUe 8MTIN1558A 2,100 MfeUe
Anviusesas 70 10 unaaIndnwMEnI9L4 B3
S A a & oA a a
Mudsulvaniudude In1saiuaugumgiiennia
gamgdvinarluvsiazauiuduinsanely
Ua mensnunien 4 e suasnludfdmiu
n1sidadInn 3 Wi wazlann 5 WA AuALIA7
11.00-16.00 4. wazdn13AIUANAIAINYUSALUIIA
tﬂl ¥ A ! ! 1 ¥ =
Wandaseua1nnuyuluvameliuansaniue 3 &
N a A a a =~ ¥
Ae AlIuAnIAn ULUNG AVNADIUARIEDIUZLI
& =~ i a o w a
e wardunuansaniugliund dwsunisivdeu
i 5 o oA v =~ = aa
s luleriuiinanuziisioulnduns Faunisinis
Waguaeumn 3 Ju aTae 300 dng
HANTISANYINUIIAUNUADMUILNITOYUA

annuusugInsesintu 1.87 umseda wialuy
AUNUATLTUVINAY 1.13 YUMo Aunue13an
WU 0.70 vnsiasalaz AU uAIAmuUWIAY 0.04
Umnedn (Table 5)

No. Cost type TFC TFC per cycle uc Percentage
(Baht/year) (Baht/pond) (Baht/unit)
1 Labor Cost 95,113.80 2,377.85 1.13 60.4
2 Material Cost 23,856.96 1,478.00 0.70 37.5
3 Capital Cost 3,174.05 79.35 0.04 2.1
Total 122,144.81 3,935.20 1.87 100.0

5) nMsiUSEuiguRuURavIeYaINTaYUIagN
nuuIMYSIMUURRLA USRS

N15US U B UNAREAYDIN1TOYUIAGNNY
UIUUA LANFUNTEL VAR NNUUIMUUS 0T B
wuilunisUdesgnauunizuduminiusau 3,000
fraue V\Iﬁmaquﬂﬂ‘umLLUU@%&Lﬁuﬁﬁmwmﬁam

1,500 fivsiovs luvgivnsuouuIgnAuuILuY

[ 1Y

992582 18M51N15599 2,100 FIRUD NANAMLNNTY

600 FraUs Anusosas 20 waziiloSaufieu

£ | I |

G]‘LIWLJGIE]‘MH’JEJWU"JW(?’TWQHG]IE]WJ’JEJﬂTﬁEJ‘LgU’IﬁQﬂﬂUu’]

q
o

Ya1sUAUAUYINAY 1.98 UInsiafLazN1TOYUIA
Ya35udIRTuLAY 1.87 Umdes anas 0.11

vmsai andudasas 5.56 (Table 6)
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Table 6 Unit cost of traditional and smart frog farm

No. Farm type LC MC cC uc
(Baht/unit) (Baht/unit) (Baht/unit) (Baht/unit)

1 Traditinal frog farm 1.59 0.34 0.05 1.98

2 Smart frog farm 1.13 0.70 0.04 1.87

Differance 0.46 0.36 0.01 0.11

v

6) NMFAATIZRAUNUADNUIBNITHIYUIAINNUUN
GRPERH

910 Table 5 uag Table 6 wuiwsuayua
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130INaN153TY
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N1ANBIAUNUABNLIEWITUBYUIAGNAUUILUY

AaLANKATISUDINS Y
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The objective of this research is to develop strategies for agro tourism development of Na Khao
Sia, Na Yong, Trang, to become a sustainable agro tourism. The research tools included 1) participatory
observation, 2) data collection from a questionnaire of 214 tourists, and 3) focus group discussion among
13 key performances including government and community sectors for SWOT analysis. Data from all
evaluations were integrated and established the strategy. The study's findings revealed that the
prominent features of the Na Khao Sia tourism site included beautiful scenery, good weather, and an
abundance of natural resources for the community's benefit. The use of natural resources creates
favorable conditions for sustainable agro tourism. According to the tourist opinions, the value potential
of the agro tourism site of Na Khao Sia was at a high level, whereas its potential as an agro tourism
attraction was at a moderate level. The strategies for sustainable agrotourism development in Na Khao
Sia should prioritize marketing promotion through social media storytelling about the tourism site's
identity and scenery. Furthermore, all sectors should be involved in the development of farmer skills
in creating and improving products, as well as the management of natural resources, infrastructure, and
other tourist facilities for the creation of tourist attractions. These strategies will result in long-term

agricultural tourism.

Keywords: sustainable tourism, agricultural tourism, tourism strategy, Na Khao Sia, Trang province
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(3.30£0.92) (Table 1) IngsgAuAINUAALAUYDY
nyvioufigasenmAmesnIen muazanm o
AueAANS winnssy gidaye wazdneninnis

Aspalanenisvisaiignagluseaugs luvasinig

Y

Anviuresinvienfisisednen1mn1susnIsannis
Yosuvavioniisndununs wazdnenmnisliusnns
yesuvawiensndunuasegluszfuuunas lag
FEAUAIIUAALAUR DOIAUTTNOUATUA AN
neanuazdinmilaadsgefian (3.83+0.12)
denndosiunsaNTIsiuTiLazan wIndeL Fmu
Nuitdvaundudeiivadenmuazusseniaves
fuiifianulansiu @ 1usssued fsgala
tnvieaiten ninenssssuvdluiiuiivssneulude
yisunfiulug) guon ward1tsTsuIR uenands
Huuvdawienilenfiazvieuntiynywiosiu TAanss
wavndnsasiivannvangliusnsinviesdien sy
fansfidssuneauazaindie 9 liiasdu ouu
Yrauennie wwud visai e 1iudu ad19nnu
Fawelaliiudnvieadienldinn uwdsmesiieadanuns
yaeuau1t1nde Sedmdunnaavio i oaii s
aalanusiu S8ndnuniaySanussauiesdu g
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Table 1 The opinion level of tourists to the potential of agrotourism site of Na Khao Sia, Na yong, Trang

Openion Mean#S.D. Level of

opinion
1. Value potential of the agrotourism site 3.66+0.07 High
1.1 Physical and biological values 3.831£0.12 High
1) Having beautiful scenery, and plentiful natural resources 3.93+1.13 High
2) Having good weather 3.93+0.93 High
3) Having more than one product 3.63+0.93 High
1.2 Value of knowledge, innovation, wisdom 3.50+0.02 High
1) Reflecting local wisdom 3.77+£1.01 High
2) Having unique agricultural innovation 3.49+1.00 High

3) Using modern technology 3.23+£0.97 Moderate
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Table 1 (Continued)

Openion Meanz+S.D. Level of

opinion

2. Potential as agrotourism attraction 3.40+0.08 Moderate

2.1 Potential in agrotourism management 3.40+0.04 Moderate
1) Having tourism map 3.41+0.99 High

2) Having security systems 3.39+0.92 Moderate
3) Having available infrastructure 3.44+1.01 High

4) Having promoting media 3.37+0.98 Moderate

2.2 Service potential 3.37+0.04 Moderate
1) Having a clear sign and convenient transportation 3.43+0.90 High

2) Having enough restroom and resting place 3.33+0.96 Moderate

3) Having the receptionist 3.35+0.98 Moderate
4) Having accommodation and food shop nearby 3.51+0.97 High

5) Having souvenir shop 3.22+1.01 Moderate
2.3 Potential for tourism attractiveness 3.45+0.07 High
1) Having activities for tourist 3.41+0.87 High
2) Having demonstration and practice for tourist 3.50+0.96 High

Overall 3.30+0.92 Moderate
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01y 23-36 U luvaugiisnnuiinvieafienmmneuasine

a A

neg sl Tuulatd unu (wAng 9 55.14% LwArIy

44.86%) M9 UIUNNTIIIHUN AIUILAG YT 81T 89015
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TinduumiwdorRansauiaulald dnvieadleanguil
Hufevhau uasduteifinslidessulaiiuogn
wnsviany Mavieadieuazuustiuusvaunisalinde
ooulavasteussrduiusuaraiunnudedelsiiy
e wang uil Id 18 ueg 197 (Permchewit and
Cheyjunya, 2010) wanstauifiviannvaneuaziidndnuel
Hudadsddarensdndulavieaiiodlutisiungs
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andunsiLagTuney an ol ssveanuTeriey
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This research aimed to synthesize characteristics of para-rubber research under collaborative
projects aiming to improve Ubon Ratchathani University’s roles in supporting provincial development
drive by constructing research, and to synthesize the school of knowledge resulted from the nine
collaborative rubber projects under the projects for improving the Ubon Ratchathani University’s. The
research method was qualitative one by synthesizing the study reports and collecting data with in-
depth interview to 9 project heads and with focus group discussion among 11 people from related
organizations and 6 para-rubber farmers.

The research revealed characteristics of the projects employing theories of social sciences,
health sciences, and sciences with mixed method. Also, the results of experiment research on social
sciences showed possibility to establish a factory of intense para-rubber latex. In addition, in terms of
the provincial strategic plan, the health sciences study found a guideline for preventing and reducing
negative impacts and improving quality of life to those concerned. Besides, the science project found
technology to process Para-rubber products for the elderly. The school of knowledge could be applied
to develop Ubon Ratchathani provincial para-rubber implementation with 3 aspects: quality of life,
security, and sustainability. For quality of life, the quality of life of para-rubber workers and communities
surrounding the factory could be developed. The products could be developed to be appropriate and

safe for the elderly. For economy, possibility for establishing a factory of intense para-rubber latex and
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reduction of manufacturing cost might be evaluated. Also, water pollution from wastewater from

coagulation of raw rubber sheet to produce cup lump rubber could be decreased. For the government

administration, the provincial para-rubber strategic plan could be developed for better economy and

the para-rubber farmers’ quality of life. Related organizations in the province should applied the policy

implications and make use of the findings for their commercial, academic, and public policies.

Keywords: research synthesis in para-rubber, para-rubber, Ubon Ratchathani provincial development

Ubon Ratchathani university
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The school of knowledge applicable for developing para-rubber implementation in Ubon Ratchathani: quality of life, economy, and government administration

P\

PN

>

-District para-rubber cooperation
-Para-rubber farmer groups

-Para tree areas in every district
-Organizations in charge of para-rubber

-Projects for para-rubber development and

A guideline for preventing and reducing
health impacts in communities surrounding
the para-rubber factory and for developing

quality of life in terms of safety and

>

Appropriate areas to locate the factory of intense
para-rubber latex, production techniques, marketing
demand of the latex, project investment fund, quality
and intense of the acid obtained from para-rubber

sheet processing to produce cup lump rubber, and

Products for the elderly: Fluorescent products helping
the elderly vision, shoe insoles, para-rubber flooring
blocks, and all-purpose water-based organic para-rubber

glue

establishment

-Projects for para-rubber support and price
intervention

-Relief for para-rubber farmers

-Funding support (Para-rubber farming fund)

health g '
solutions para-rubber strategic plan
|| 1 | =
-Promoting quality of para-rubber production, ) _ Mixed method research
) q et - Mixed Method Research Experimental research
processing, and marketing - Qualitative and experimental research
-Promoting para-rubber farmer group 1 | 1

-3 dimensional Evaluation of health impacts
-Development quality of life in terms of security

and health

-A study of possibility, evaluation for investigating,
and the analysis of the project sensitivity

-The intensity of acid processed of acid obtained

from rubber coagulation in the production of raw
rubber sheet

-Public policy/strategic planning

-Studying and experimenting mechanical properties of para-
rubber flooring blocks

-Formulating para-rubber, foaming, fluorescent product forming
and show soles

-Analysis of glue viscosity, fixing mechanism, and the dynamic
property of glue

-Experimenting the glue properties

- Low para-rubber price and low price of para-rubber
products

- Farmers’ lacking of processing knowledge

- Lack of Ubon Ratchathani provincial para-rubber
strategic plan

-Para-rubber factory’s impacts to environments and

communities

1. projects on quality of life:

1) Developing quality of life in terms of
safety and health for para-rubber workers,
2) Evaluating health impacts from sense of

smell in the community

2. projects on value adding and policy

1) Possibility for establishing the factory of intense para-
rubber latex

2) Using wastewater from coagulation of raw rubber sheet
to produce cup lump rubber

3) Developing Ubon Ratchathani provincial para-rubber

strategic plan

3. projects on developing products for the elderly:
1) Developing fluorescent para-rubber products for the
elderly

2) shoe soles

3) all-purpose water-based organic para-rubber glue

Before 2016

Problems/ Research projects principles and theories/Solutions methodology findings/ Implications

Research

in 2016

Research in 2017

Figure 1

Synthesis of para-rubber research under collaborative projects to develop the roles of Ubon Ratchathani university to work on research

to support and drive provincial development in terms of principles, theories, methodology, findings, and implications

Source: Bunyod (2016); Chakamrun (2016); Chakasilpa and Porncharoen (2016); Thippila (2016); Radaabutr (2017); Khamdeekerd and Liengjindathaworn (2017); Srichan (2017);

Wat Chang (2017); Wongkhan (2017)
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Para-rubber research under collaborative projects to develop the roles of Ubon Ratchathani University to work on research to support and drive provincial development

Study issues

Para-rubber research project

Suggestions and benefits from research

v

Secured / Sustainable quality of life

v

Economy

v

v

Public administration

prevent health

impacts

of life in terms
of safety and
health with a

guideline book

s o

Figure 2 The analysis of para-rubber research under collaborative projects to develop the roles of Ubon Ratchathani university to work on research

products
supporting the
elderly’s night
vision as well as
boosting para-
rubber latex

price

para-rubber
products
answering
demands
with low
producing

costs

the elderly
and
decreasing
non-
biodegradable
para-rubber
wastes with

low costs

and agricultural
wastes as well
as decreasing
water pollution
which is
healthy for the

users

purchases and
sales of para-
rubber latex to
increase para-
rubber farmers’
income and more
investigation
possibly leads to
continued

industry

the para-rubber
farmers and
increasing quality of
the cup lump
rubber; also,
decreasing
wastewater and
costs of wastewater
treatment and
upgrading farmers in
the Northeast to be
quality rubber

producers

Empowering
development of

para-rubber

\ v . Y
Health and safety Products for the elderly [ > Value adding Policy
I | [ —
v v v v v v | v v v
1
The project of Project for The project of The project The project The project of ! The project to study The project of The project to
health impact improvement of fluorescent of para- of para- all-purpose i possibility to using wastewater develop Ubon
) o roducts ! establish a factory )
assessment quality of life in P rubber shoe rubber water-based | of intense para from coagulation Ratchathani
improvin » ! i
project from safety and health nigit visiin for soles for the flooring organic para- ' rubber latex for of raw rubber provincial para-
1
smell exposure for employees the elderly elderly’s blocks for rubber glue ! adding value of the sheet to rubber strategic
to communities touching rubber quality of life the elderly for the | para-rubber among produce cup plan
1 f .
living around in Phu Jong elderly | armersroups In lump rubber
1 Ubon Ratchathani,
the block cooperation, i Sri Saket, Yasothorn,
. ; i N+ i i L ! and Amnat Jareon
........................................................... Y H
I v v v
A guideline to A guideline to Creating variety Creating Preventing Adding value of :
. " D i ts f .
decrease and develop quality of para-rubber variety of accidents for para-rubber | Stimulating ccreasing costs for Strategy 1:
1
1
1
1
1
1
1
1

economy
Strategy 2:
Empowering
competition of para-
rubber and para-

rubber industry

to support and drive provincial development for school of knowledge applicable to Ubon Ratchathani para-rubber development
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