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Micropropagation of Champedak (Artocarpus integer (Thunb.) Merr.)

and Acclimatization of Plantlets in the Greenhouse Conditions
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Champedak (Artocarpus integer (Thunb.) Merr.) is a native fruit tree in the South that holds
economic significance, prompting farmers to increase its cultivation. There is a growing market for this
fruit among both domestic and international consumers. However, the propagation of champedak
through cleft grafting from branches is often hindered by disease infestations. Therefore, the seeds were
propagated through tissue culture by surface-sterilizing them in a 25% of sodium hypochlorite solution
for 25 minutes. They were then cultured on MS medium supplemented with 0-2 meg/L of
Benzylaminopurine (BA), with or without 0.2% activated charcoal (AC), for 3 months. The results revealed
that culture medium supplemented with 2 mg/L of BA and 0.2% activated charcoal (AC) gave the
highest plant regeneration (80%), whereas culture medium without AC gave the highest number of
shoots (6.25 shoots/explant). Shoot proliferation from shoot explants cultured on semi-solid MS
medium supplemented with 2 meg/L of BA gave the highest number of multiple shoot formations (4.70
shoots/explant) after 3 months of culturing. Root induction from shoot explants was cultured on MS
medium supplemented with 1 mg/L NAA with wounding, and 3 mg/L of NAA without wounding gave
the highest percentage of root formation, up to 100%, while culture medium with 2 mg/L NAA gave the

highest number of roots (6.80 roots/explant). After 3 months, the plantlets, measuring 10 cm in height,


mailto:sakulrat.s@rmutsv.ac.th

P5ANTIVYLATANASUIVINITINYAT 42(3): 1-17

were acclimatized in a mixture of soil, burnt husk and chicken manure at a ratio of 2:1:1. This

combination resulted in the highest survival rate of 70%, which was recorded one month after the

transfer to the soil.

Keywords: Artocarpus integer (Thunb.) Merr., embryo culture, auxin, cytokinin
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Figure 1 Development of Champedak embryo explant (A) when cultured on solid MS medium

supplemented with BA for different durations: initial stage (B), after 1 week (C), and after

1 month (D)
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Table 1 Effects of BA concentration combined with activated charcoal (AC) in solid MS medium

on shoot initiation of Champedak embryo explants after 3 months of culture

BA concentrations

Plant regeneration (%)

A
Average BA concentration

(mg/L)

With AC Without AC
0 70+25.82° 40+21.08° 55+21.21C
1 80+25.82° 70+25.82° 75+7.07A
2 80+25.82° 40+31.62° 60+28.28B
Average® i or without AC 76.66+5.7TA 50+17.328B
A "
5 o
A*B o
CV (%) 23.59

** Significant differences at P<0.01

Means values followed by the same letter within each column are not significantly different according to DMRT.

Tugnuswausenlng nuiiduseuiinsidiv
TNNULEN MIATYHULR LLazﬁﬂmuamyjiajLﬁmﬁimm
Woudl 3 Tnserwsiliiu BA Anududy 2 un/ans
finsiAngonlvidiadouniian 4.44 van/Tudin
wanA1anadfesafitedfyde (P<0.01) funis
WFin BA aadudu 1 waz 0 un/dns dafinsiiie
venlmilade 2.69 way 1.73 ven/Audru auadu
dleRersannmsduwazldunsau wuinnaslaida
nagruluenmsinigiaes finnsiineenlminde

n

UINNEN 2.97 YOA/TUFIU LANAIIN DR Y19

an
HodAgda (P<0.01) Aunisiiunsniuasluo1unis

e Feiinnsiineenlniiads 1.94 son/udn
deRersandadesiuseninsanududuves BA
saufumsiinLazlilAunea U wulin1siAn BA
aududu 2 un./ans Ailddunsdu $91uaueen
fuinlmiinnilan 6.25 von/dudiu sosawnfo 3
WA BA aadudu 1 un/Ans fildifunsenu a8
SmuduTiiell 4.00 oa/Tudu wansaneadn
g9l Tedndnyds (P<0.01) AunssiiFau « (Table 2)
anwaznsinuentrdluusazansenmsidnuiugen
FunnsrefuluTufusesunnududuves BA $aufu

NITLANNINULANIAT Figure 2
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Table 2 Effects of BA concentration combined with activated charcoal (AC) in solid MS medium

on number of new shoots regenerated from Champedak embryo explants after 3 months

of culture

BA concentrations

No. plant regeneration (shoots/explant)

A
Average BA concentration

(mg/L)

With AC Without AC

0 1.80% 1.67¢ 1.73C

1 1.38¢ 4.00° 2.69B

2 2.63 6.25° 4.44A
Average® i or without AC 1.948 3.97A

A xx

B xx

A*B xx
CV (%) 21.13

** Significant differences at P<0.01

Means values followed by the same letter within each column are not significantly different according to DMRT.

Figure 2 Plant regeneration from Champedak embryo cultured on solid MS medium supplemented

with BA at 0 (A and D), 1 (B and E), and 2 (C and F) mg/L, with (above) and without (below)

activated charcoal, after 3 months of culture

HAYBIE YA NMEN YR NSRBI BN SLRY
Usuueansiu
ANNISINITLABITUAIUEDATIUIAZRE
91WN3gNT MS fiiiin BA anuidudu 2 un./Ans i 3
Snvay Ao 01msuds omsiuds wazermsman
wuifinsiinusunaeensiuliunnesiunisada

(P>0.05) Tngauisuisuazernisinaaiinasiiiy
U%mmaaquﬁqm 90+21.08% $9IA4N1AD
grmstaudalinisinysunaeonsiy 80+25.82%
PnNsEEudmgensngluemsudway
mms?ﬁuﬁnﬁaﬁ’wmusamqqqﬂ 4.7+0.71 uay
0.6+0.84 von/Audu Tiluansrefuegraditodi Aty
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N1980@ (P>0.05) WALANAIIAUBINISTIRA 88198
JodfeyBan19adf (P<0.01) Fefid1usuvon
3.1+0.76 80A/Tudu (Table 3) Snwazooaiily
nzidwarmsinseasuluisazainetms wui
ANMULANFAAULEAIAT Figure 3 Weilannnsdang

PULT NITNELALITUAIUYDATUDINISIUATNNS

Wiulafisanss d1du As wazduludvunele
wazdanuanysaiudsuswesiuiiian Tnsanansa
wingAuladugoniauysalléinnelu 2 Weu Tuvas
flormsuiauazemsiwiasuiinisnovausse
oMIMEIINMIIEALT 2 Uav uaziSaiunig

a51980n5 W UAUAITN 6 NEINITINILLAL

Table 3 The effect of MS medium types on shoot proliferation and number of multiple shoots

of Champedak shoot explants after 3 months of culture

Media types Shoot proliferation (%) No. shoot (shoot/explant)
Solid medium 90+21.08 4.6+0.84°
Semi-solid medium 80+25.82 4.7+0.71°

Liquid medium 90+21.08 3.1+0.74°

F-test o

CV (%)

19.86 19.43

ns = Not significant differences at P>0.05, ** = Significant differences at P<0.01

Means values followed by the same letter within each column are not significantly different according to DMRT.

Figure 3 The shoot proliferation of Champedak shoot explants (A) cultured in different statuses of

MS medium supplemented with 2 mg/L BA for 3 months: solid medium (B), semi-solid

medium (C), and liquid medium (D)
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HAYaY NAA Faufiumsaieuinunasanistniisn

Mnnshdudusenfignadiauarliaig
vaumafivinalauiy smeidssuuomsudgns
MS Fiin NAA A1adududig 9 Wunan 3 e
WU WNIAAY NAA Asdiudy 1-3 un/Ans Tnng
\Ansiniadegaaainfu Ae 80% uand1anisada
agafitlodfnyds (P<0.01) Auownsfilalifis NAA &
LifinisiAasin dlefiansannisnszduiudiusen

TAENITASIIUIABEE WUIININISES 1Az bilasna

o w

viakraiinisiiasinldunnaneiusgreidednfey
198 (P>0.05) TnefinisiAnsiniadeindu e
60% ioRsandadesiussnitemnududuses
NAA saufunsastanagliadrsunnung wuinems
Fuiu NAA Aadudy 1 un./ans Saufunisadng
VIAWHA WazasTiiia NAA aududu 3 un./Aas
Tnglia$rauiauna fnsiinsnanniigawinfu Ao

100% wansinansaineg1siitsd1Agse (P<0.01) fu

n331353U 9 (Table 4)

Table 4 The effects of NAA concentrations in MS medium combined with wounding on the rooting

of Champedak shoot explants after 3 months of culture

NAA concentration

Root formation (%)

A
Average NAA concentration

(mg/L) With wounding  Without wounding
0 0° 0¢ 0B
1 100° 60° 80A
2 80° 80" 80A
3 60° 100° 80A

Average® i or without wounding 60 60
A *%
B ns
A*B *%
CV (%) 16.14

ns = Not significant differences at P>0.05, ** = Significant differences at P<0.01

Means values followed by the same letter within each column are not significantly different according to DMRT.
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Tugnuswausniialvl wuirermsiikiu
NAA Adudu 2 un./ans f51uausindiialml
wniigaiads 5.10 $In/Budau uansansadinesng
fifadndde (P<0.01) AUBIMIsTiiia NAA A1
Wudu 1, 3 uay 0 un/ans Felsrurusindiinlng
\ade 3.10, 2.80 uay 0 51n/Tudiu Audy 1ile
finnsannianszduiudiusenlnenisaiisuinueg
WwuIn1saduIaunaisiviusiniinludnde
1nilgn 3.25 $1/Fudn wandasafog el o
ddayda (P<0.01) Aumsliiadrsunaung Faldmuausn
ARalmiade 2.25 sn/Audu Welinrsantladusa

FEMINAMUTNTUIBY NAA stuiunsas1uaylal
A519UIALHE NUTD1ITTIAY NAA Avadudy 2
un./Ans Safunisadauinunaiisnuusniiiislag
1 NTign 6.80 $In/Fudu LA 1aRAegNe
fodayds (P<0.01) funssuizdu ¢ (Table 5) 13
a5199nvesdrvingluemisans MS L NAA
ity 0-3 un./Ans dnuasniiislusazgns
91%15 wAAIFI Figure 4 waziilowdusonainean
WmfﬁmﬁLﬁmimwiasqmmmiﬁLWWzL?ﬁymﬁmm

unnAeiuegaiulatn uanams Figure 5

Table 5 The effects of NAA concentrations in MS medium combined with wounding on number

of roots of Champedak shoot explants after 3 months of culture

NAA concentrations

No. root (root/explant)

A
Average NAA concentration

(mg/L) With wounding Without wounding
0 0.00° 0.00° 0.00C
1 3.00° 3.20° 3.10B
2 6.80° 3.40° 5.10A
3 3.20° 2.40° 2.80B

Average® i or without wounding 3.25A 2.258
A -
B %
A*B -
CV (%) 16.76

** = Significant differences at P<0.01

Means values followed by the same letter within each column are not significantly different according to DMRT.
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Figure 4 Root formation in Champedak shoot explants cultured on MS medium with varying
concentrations of NAA: 0 (A and E), 1 (B and F), 2 (C and G), and 3 (D and H) mg/L,

with wounding (above) and without wounding (below), after 3 months of culture

Figure 5 Root characteristics of Champedak shoot explants cultured on MS medium with varying
concentrations of NAA: 0 (A and E), 1 (B and F), 2 (C and G), and 3 (D and H) mg/L, with

wounding (A-D) and without wounding (E-H), after 3 months of culture

11
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n1sayuadundlulsaseu
n1seyuradundrdiUinzdiliannnis
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= &, = | s & ¢
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Figure 6 Champedak plants that survived after being transplanted into the planting materials for one

month, initially induced to root on MS medium with varying concentrations of NAA: 0 (A and

E), 1 (Band F), 2 (Cand G), and 3 (D and H) mg/L, with wounding (A-D) and without wounding

(E-H)

32150iNaN15998

Mnmswizdsnsuvilevesiivinzuy
o1msudegns MS ifiu BA aaandudu 2 un./ans
THesidudniswaunduiivdulndgeian
80+25.82% warn1siinfiwdulvigeds 6.25 van/
Fudau FeuenanesdlsenauveseImIzLADs
Adutafeidmansznudemsveneiusuda e
nMalfuasauaunsieidula 39 BA uasngu
lalaladudienseiunisuusgadlazing1vasad
deandeafiu Mangena (2020) fina13311unas
wedsaiadedednilfAssesluanwasnde
Jndudeslinisfinalsaiuaunisiasaiulangy
lalnladu Fuduarsifiquanddlunisnsedunis
WUSLEAE Y8N8VUIAVBILAR NITLIIYVBINTIN Uy
pon Snitaseiumnududuildsdmadeuiinaeen
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gefign 80.33+11.68% §1uIY 4.33:0.56 van/
%yua'au (Cui et al., 2020) LLaSﬂ’l’iLWWLgENUa’]EJEJaﬂ
YyuUUeMIsuTegns MS 7ty BA anududu 2
un./ans lunisnsedulviingen (Karishma and
Meera, 2024) Tusaufimaneifsswenvomsiouuy
o1msudegns MS iy BA anaduduiiios 15
un./ans Wnaffigalunisifindiuiugen (Taha
et al., 2020) AI91UAY Azam et al. (20) A%1A13
iinUTuusoavesuyuluemisudsgns MS Ais
BAP Anaidudu 3.5 un./dns dn15iingengaia
9230% WALAINNLIIVDIBOAFITAN 3.81 By,
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Khai Nao Nan 1 and Khai Nao Nan 2 pumpkin varieties are varieties that are currently being
registered as local native plant varieties according to the Plant Variety Protection Act of 1999. The
objective of this experiment was, therefore, to evaluate two varieties of Khai Nao Nan, Khai Nao Nan 1
and 2, along with one Khai Nao and two standard varieties. A randomized complete block (RCB) trial
was planned for 3 replicates, 2 crops, in the same experimental plot. The combined analysis in RCB
was used to analyze the combined variance of 2 growing seasons: the rainy season from July to October
2022 and the dry season from December 2022 to April 2023 at Nan Province, in the original experimental
plot. Homogeneous analysis of variance indicated that all characteristics studied were homogeneous,
except for the diameter of the fruit, total solid content, total soluble solids of cooked flesh firmness of
fresh flesh and color values L*, a* and b* of fresh and cooked flesh. Yield per rai in the dry season
tended to be higher than that of the rainy season, equal to 1.6 and 1.1 tons, due to the outbreak of
viral diseases. The Khai Nao Nan 1 and Khai Nao Nan 2 varieties gave higher yields per rai in the rainy
season than other varieties, more than or equal to 1.1 tons, and more than or equal to 2.1 tons in the
dry season. The components of yield and quality in all traits showed that the dry season gave higher
values than the rainy season, except for the color traits L* and a* of raw and cooked flesh. The Khai
Nao Nan 2 and Khai Nao Nan varieties gave the total solid content values in the rainy and dry seasons
more than or equal to 18.9 and 20.0 percent, respectively. The Khai Nao Nan 1 and Khai Nao Nan 2

varieties had the total soluble solids of raw flesh in the dry season more than or equal to 16.0 percent.
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The varieties Khai Nao Nan 1, Khai Nao Nan 2 and Khai Nao had lower raw flesh color brightness L* than

other varieties. The a* color value showed that the varieties Khai Nao Nan 1, Khai Nao Nan 2 and Khai

Nao had higher red color than other varieties. The b* color value showed that in the rainy season, the

varieties Khai Nao Nan 1 and Khai Nao Nan 2 tended to have less yellow color than other varieties,

while in the dry season, the values were similar.
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Table 1 Yield and yield components of 2 “Khai Nao Nan” pumpkin varieties evaluated 2 crops during July 2022 to April 2023 in Nan province

Varieties Yield/rai Fruit weight Fruit size (cm) Thickness of flesh
(ton) (kg) Diameter Length (cm)
1* 2*  Average 1 2 Average 1 2 1 2 Average 1 2 Average

KhaiNaoNan1 1.3 2.1 1.7 22 7 18 b 2.0 a 20.7 a 194 a 10.3 9.7 10.0 38 ab 33 bc 35
Khai NaoNan2 1.1 22 1.6 15 ¢ 14 cd 1.5 d 169 cd 172 12.1 9.9 11.0 28 cod 27 2.7
Khai Nao - 11 1.1 23 a 1.5 c 1.9 ab 205 a 181  bc 116 9.9 10.8 38 ab 29 34
Check 1 - 1.9 1.9 23 a 1.2 d 1.7 bc 203 a 16.2 de 10.1 7.4 8.8 43 a 32  bc 3.8
Check 2 0.9 0.9 0.9 2.1 a 09 e 1.5 cd 209 a 153 e 9.1 7.2 8.1 42 a 26 d 34
Average 1.1 1.6 1.4 2.1 1.4 1.7 19.9 17.2 10.6 8.8 9.7 3.8 3.0 34
F-test

Seasons *¥* ¥ ¥
Varieties ns ns ** o ** ** **
VxS *¥* ns *
CV. (%) 165 115 7.9 45 44 7.0 9.4

*Crop 1 = July to October 2021; Crop 2 = December 2022 to April 2023

1/

ns, * and ** : Non significant and significant at the level 0.05 and 0.01, respectively

Means with different letters in the same column are significantly different at P<0.05 by DMRT.
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Table 2 Annual temperature and precipitation for Nan province during July 2022 to April 2023

Crop Temperature Rainfall
Maximum Minimum

0 0 (mm)
Crop 1
July 2022 34.2 25.0 8.7
August 2022 32.6 24.5 7.9
September 2022 32.8 24.3 6.7
October 2022 324 223 4.0
Average 33.0 24.1
Total 27.3
Crop 2
December 2022 30.7 17.8 0.0
January 2023 30.8 15.0 0.0
February 2023 34.2 17.3 0.0
March 2023 36.4 19.8 0.2
April 2023 39.8 24.1 13
Average 34.4 18.8

Total 1.5
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Table 3 Phytochemical nutrients of 2 “Khai Nao Nan” pumpkin varieties evaluated 2 crops during July 2022 to April 2023 in Nan province.

Varieties Solid content Total soluble solid (%) Texture (kg) Flesh color: Fresh Flesh color: Cooked
(%) Fresh Cooked Fresh Cooked L* a* b* L* a* b*

1* 2% Average 1 2 Average 1 2 1 2 1 2 Average 1 2 1 2 1 2 1 2 1 2 1 2
Khai NaoNan 1 134 c¢*  20.1d 16.7 10.2d 16.7 a 134 a 10.5ab  16.7 a 8.8 16.7 a 0.3 bc 0.2c 03b 74.0 c 700c 117 76b 365a 26.7d 539 545b 35 20a 179 126
Khai Nao Nan 2 18.9 a 227c 20.8 11.0 cd 16.0 a 135a 109 a 149 a 9.9 149 a 0.3 bc 0.2 ¢ 03b 76.0 b 743b 79 53b 388a 294cd 506 568b 22 1.7a 154 109
Khai Nao 19.6 a 176 e 18.6 119 c 119 c 119 b 118 a 11.7b 10.1 11.7b 03 bc 0.2c 03b 735c 81.3a 129 T7b 367a 31.0bc 536 56.7b 5.1 08b 206 135
Check 1 155 b 26.1b 20.8 9.1e 133 b 11.2b 9.1b 91b 10.2 91b 0.5 ab 0.5 ab 05a 82.6a 826a 9.2 11.2a 40.7b 336ab  60.7 600a 43 25a 270 120
Check 2 155 b 271a 213 11.1 cd 11.7¢c 114 b 11.1a 91b 9.6 91b 03c 0.6 a 0.4 ab 720b 80.0a 7.7 11.9a 430b 342a 50.6 602a 62 34a 208 111
Average 16.6 22.7 19.6 10.7 13.9 12.3 10.7 12.3 9.7 12.3 0.34 0.35 0.34 75.6 77.6 9.9 8.8 39.1 31.0 539 576 43 21 20.3 12,0
F-test
Seasons ** ns
Varieties *x *x *x * * *x *x *x *x *x * *x *x *
VxS *x *
CV. (%) 5.9 0.9 4.3 7.3 11.3 5.6 11.8 34.5 2.8 22 340 200 289 4.8 395 23 340 341 416 117

*Crop 1 = July to October 2021 Crop 2 = December 2022 to April 2023
Vs #x . Significant at the level 0.05 and 0.01, respectively
Means with different letters in the same column are significantly different at P<0.05 by DMRT.
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Influence of Organic Chemical Fertilizer on Growth, Physiology, Yield

and Total Lactone Content of Andrographis paniculata in Pot Conditions

2 Y 4

yAZUNS Ygyidin

q

USeuaynaf Asaufing’” I ASaufing! anass 9dAs t

a ¢ s o s (4 a
NUWTUAN d1375y’ wazutlad Selveida’

Parinyawadee Sritontip®”, Chiti Sritontip!, Seksan Wongsiri?, Butsarin Boontem'
Pimrumpa Samran®’ and Manassawee Wangchailerd!
laotuidewmaluladinumns snninetaowaluladsisuspadiuul a1 52000
Zaugingrraniuazinaluladnisinens sningrdswaluladsvusnadiuun a1 52000
!Agricultural Technology Research Institute, Rajamangala University of Technology Lanna, Lampang, Thailand 52000

%Faculty of Science and Agricultural Technology, Rajamangala University of Technology Lanna Lampang, Thailand 52000

*Corresponding author: Parinyawadee@rmutl.ac.th

Received: June 16, 2024
Abstract Revised: March 10, 2025
Accepted: March 27, 2025

The purpose of this study was to determine how much organic chemical fertilizer was needed for
growth, physiology, yield, and total lactone content in potted Andrographis paniculata. The Agricultural
Technology Research Institute, Rajamangala University of Technology Lanna, Lampang province served as the
site of the experiment. The organic chemical fertilizers were applied at the following rates: 0 (control treatment),
1.4, 2.8, 4.2, and 5.6 grams per pot. The experiment was a randomized complete block design (RCBD) with 5
treatments and 8 replications. The 6-3-3 OM10% compound type fertilizer was utilized in the experiment. The
experiment was carried out in 2023, from August to October. According to the findings, A. paniculata exhibited
greater stem growth in terms of plant height, stem diameter, number of leaves, leaf width, and leaf length
when the chemical organic fertilizer was applied at a rate of 2.8-4.2 grams per pot. This, in turn, led to a higher
dry weight than when other fertilizer rates were used. In comparison to other fertilizer rates, the application of
chemical organic fertilizer at a rate of 2.8-5.6 grams per pot helped to increase the fresh weight, transpiration
rate, stomata conductance rate, CO, assimilation rate, and leaf efficiency of chlorophyll fluorescence. The
amount of chlorophyll and total lactone in the leaves were measured with each fertilizer rate. The organic

chemical fertilizer rate suggested by this experiment was 75 kilograms per rai, or 4.2 grams per pot.

Keywords: Organic chemical fertilizer, Andrographis paniculata (Burm.f.) Nees, Total lactone
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Table 1 Physiochemical properties of soil before planting of A. paniculata affect by different rates

of compound organic chemical fertilizer

Fertilizer rate pH Organic matter Nitrogen Available phosphorus
(g/pot) (%) (%) (mg/kg)
0 (control) 7.72+0.02 a 1.49+0.03 b 0.056+0.00 d 291+0.65 d
1.4 7.57+0.04 b 1.51+0.10 b 0.071+0.00 ¢ 3.95+0.43 d
2.8 7.48+0.02 bc 1.75+0.07 a 0.086+0.00 a 6.40+0.85 ¢
4.2 7.45+0.05 cd 1.80+0.09 a 0.081+0.01 ab 13.31+0.41 b
5.6 7.37+0.04 d 1.90+0.02 a 0.075+0.00 bc 18.21+0.79 a
F-test *x * *x *x
CV (%) 0.94 8.38 9.19 15.39

The results are expressed as the means + standard error (SE). *,** denote significant levels (P-value) at 0.05 and 0.01, respectively

Data with the same letters within a column do not differ significantly by DMRT at 0.05 level.
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Table 2 Physiochemical properties of soil after harvesting of A. paniculata affect by different rates

of compound organic chemical fertilizer

Fertilizer rate pH Organic matter Nitrogen Available phosphorus
(g/pot) (%) (%) (mg/kg)
0 (control) 789+0.03 ab 1.26+0.08 c 0.063+0.00 2.01+0.03 c
14 7.91+0.02 a 1.36+0.05 bc 0.073+0.00 3.58+0.44 ¢
2.8 781+0.04 bc 1.49+0.05 ab 0.077+0.00 595+1.48 b
4.2 7.74+0.03 c 1.58+0.10 a 0.075+0.01 7.82+0.93 ab
5.6 7.79+0.05 c 1.62+0.05 a 0.070+0.00 9.17+0.43 a
F-test ** * ns **
CV (%) 0.57 8.65 13.00 10.11

The results are expressed as the means + standard error (SE).

ns = no significant difference; *** denote significant levels (P-value) at 0.05, and 0.01, respectively

Data with the same letters within a column do not differ significantly by DMRT at 0.05 level.
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fiAade 8.03 faduns NMslddedunidnidions 4.2
nSusensEa1 iU Mmsnugengaiia1aie
50.62 wwufuns diunisldledunsdniidng 2.8

wag 4.2 nfusenszana hlvidanunhslugenign us

LifianuunnssegnelidedAgynadanunislade

BUNITILATONSI 5.6 NTUABNTEANY TALREAY 4.30

LAY 4.37 LWUGUAS aNua1eau (Table 3)

Table 3 Effects of different rate of compound organic chemical fertilizer on growth of A. paniculata

at 56 days after transplantin

Fertilizer Plant Stem
rate height diameter
(¢/pot) (cm) (mm) (cm)

Canopy
width

0 (control) 27.60+1.64 ¢
1.4 39.63+2.63 ¢
2.8 67.90+2.28 a
4.2 74.78+3.10 a

5.6 53.03+3.96 b

3.92+0.43 ¢ 18.29+1.86 ¢
592+0.24 b 34.88+3.16 b 118.75+13.07 bc 3.17+0.20 bc 8.97+0.54 b
6.95+0.46 at 41.67+1.76 b
8.03+0.77 a 50.62+4.06 a
6.30+0.18 b 39.97+1.84 b 159.00+5.52 b

Number of leaf Leaf Leaf
per plant width length
(cm) (cm)

70.00+£21.56 ¢ 2.88+0.22 ¢ 8.38+0.61 b

259.00+29.40 a 4.30+0.25a 12.77+0.74 a
2415043297 a 4.37+0.24 a 11.77+0.61 a

3.67+0.19 ab 9.67+0.65 b

F_test *% *% *%

CV (%) 9.77 16.33

13.02

*% *% *%

13.93 12.35 10.47

The results are expressed as the means + standard error (SE). ** denote significant levels (P-value) at 0.01

Data with the same letters within a column do not differ significantly by DMRT at 0.05 level

AR EUMUATNIER SIMNUAT S TN S AT IE LA

AULTE981U WUILANULANAIAUNI
atfeeeildydAy lnenislddedunidiniyndns
vl nganelasiinnulerveduunnnitnislald
o lnoifid1iady 44.33-47.47 SPAD unit d2u
UsrAninnnisriiaueessyuunasfiassvesly
wuflanuwansnstunisadfegaifuddyds n1s
lddedunidmiidnsn 2.8 nfudoanszais vinlu
Us2AN3n1mn157191ueessUURasiaesnasly
gefign fAede 0.773 udlsfinnuunnsianieadi
Aunslddedunidiniidnsn 4.2 uaz 5.6 nSusie

N304 (Table 4)

Aseneth wudauuanes U@t a
ogailtfuddyds nslatedunidiaiidng 2.8 niu
sonsynns vhlvinisetiiidngeiian feads 0.580
fadluanon1519unsAIu1d waldfinuunnang
meadRtunslddedunidniisns 4.2 uag 5.6 N3y
AoNTEa1s NMseauliiwEIun1sUInly WUl
wanaAeiunIadfed1afituddgy nsldledunsg
WM 2.8 nSuRansza19 inlvAn1seeulrnie
WunsUnlugedian daade 0.020 Jadluase
A11UUATABIUNT waldlAuLanAanIsd@dAnu
nsladeduvsdaiienst 4.2 niusonszana d1dns

dl 24 s (3 ! a
nsuaniaguiigaisuaulaeanlan nuindiaiu
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W aa 1 Aw o v a «:1' |
waneafunsadAegslitud Ay ds laeninisldde
dun3diainndnsn i lvumeatelasidnsinig

wanidsuingansueulaeented gandinisluldade

Tneilaadssening 1.968-2.580 lulasluanensng
WRSHRIUNN (Table 4)

Table 4 Change of chlorophyll content, chlorophyll fluorescence, leaf photosynthesis in A. paniculata

at 56 days after transplanting by different rate of compound organic chemical fertilizer

Fertilizer Chlorophyll  Chlorophyll Photosynthesis rate
Rates Content Fluorescence Transpiration Stomata CO,-assimilation
rate conductance rate rate
(g/pot)  (SPAD unit) (FV/FM) (mmolm3s?) (mmolm3s™) (umolm3s™)
0 (control) 33.10+2.85b  0.744+0.01 ¢ 0.348+0.02 c 0.010+0.00 b 1.025+0.13 b
1.4 4523+3.73a  0.757+0.01 bc 0.453+0.03 b 0.013+0.00 b 1.968+0.18 a
2.8 a7.47+2.66a  0.773x0.00 a  0.580+0.02 a 0.020+0.00 a 2.000+0.26 a
4.2 47.43+3.61a  0.770+0.00 ab  0.500+0.03 ab 0.015+0.00 ab 2.580+0.18 a
5.6 44.33+2.92a  0.762+0.00 ab  0.520+0.05 ab 0.013+0.00 b 2.420+0.03 a
F-test * *x *x * *x
CV (%) 15.92 1.14 13.18 5.13 6.19

The results are expressed as the means + standard error (SE). *,** denote significant levels (P-value) at 0.05, and 0.01, respectively

Data with the same letters within a column do not differ significantly by DMRT at 0.05 level.

nananuazUsNIMLanlausIN

dwinansedu wuindanuuaneneiunig
adfegaitydAy n1slaleBuvidniionsn 2.8 uay
4.2 nfusenszans vhldimzanelasitminan
gefign denade 102,50 wag 113.42 nfu awddy
wildfauunndnamsadadunisladedunsdiadl
§51 5.6 n3usiansEane dauthminus wuddlaang
wansnafunsadfegnadidoddnyds nsldiedunid
WAilens 4.2 nSusenszans i lvNnzatelas

=

Tunminureasian daeas 34.13 Ny wabidladnw

Y 9

aa v

wanseneadanunsladedunsdnidns 2.8 Ny
Mans¥and (Table 5)

USunauaalausid wudndiannuuwansieiu
nsadRogiitudifyds lasfinsldedunidiad
Nndns1 Ml mganglasiviinauanlausiugand
nslaildte Tnolenadeszmning 27.84-29.98 n3u/
100 ¥y tniinusis (Table 5)
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Table 5 Effects of different rate of compound organic chemical fertilizer on fresh weight, dry weight

and total lactone of A. paniculata

Fertilizer rates Fresh weight Dry weight Total lactone
(kg/rai) (9) (9) (g/100 g dry weight)
0 (control) 58.36+14.02 b 18.38+1.58 cd 24.98+0.51 b
14 61.76+7.76 b 13.17+1.28d 28.14+0.49 a
2.8 102.50+18.08 a 27.79+1.55 ab 28.10+0.81 a
4.2 113.42+11.75 a 34.13+2.54 a 27.84+0.30 a
5.6 81.86+14.54 ab 20.99+3.76 bc 29.98+1.08 a
F-test * *x *x
CV (%) 13.42 19.51 4.85

The results are expressed as the means + standard error (SE). *,** Denote significant levels (P-value) at 0.05, and 0.01, respectively

Data with the same letters within a column do not differ significantly by DMRT at 0.05 level.
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YoeyaRu ANUTUNIAR1N USinadunseing was
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The Effect of Halopriming with KNO,; and CaCl, Solutions

on Seed Germination and Vigor of Chinese Mustard

#3n9 ufadau’* To¥ol PBused? uasdndng aSudni®
Pichittra Kaewsorn'*, Piyarat Ruchinarong® and Raksak Sermsak?
LAY AZINYAT NN TINEIRBINYATAIERS NFUMNY 10900
2neadduiannudniugity nsuirN1sNERs NJIMN 10900
3N1AIYUNYATNAITIU ALNYAT UNNINFENUATANENT NTUNN 10900
1Depar‘tmen’t of Horticulture, Faculty of Agriculture, Kasetsart University, Bangkok, Thailand 10900
2Seed Research and Development Division, Department of Agriculture, Bangkok, Thailand 10900
*Department of Farm Mechanics, Faculty of Agriculture, Kasetsart University, Bangkok, Thailand 10900

*Corresponding author: pichittra.k@ku.th
Received: May 15, 2025

Revised: August 14, 2025
Accepted: August 27, 2025

Abstract

Imported Chinese mustard seeds may exhibit secondary seed dormancy due to unsuitable
environmental conditions during transportation or storage, such as high temperatures, leading to high
seed dormancy (64.00%) and low germination (32.50%). Therefore, this research investigated seed
enhancement through seed priming using KNO; and CaCl, solutions. A completely randomized design
was used, comprising six treatments: non-primed seeds (control), seed priming with reverse osmosis
water (hydropriming), and priming with 0.5 and 1.0% KNO; or CaCl, solution. Seeds were soaked for 6
hours at 20+2°C, after which the moisture content of the seeds was reduced to approximately 7%,
which approximated the initial moisture content. The results showed that seed priming of Chinese
mustard with 1.0% KNO; solution resulted in the highest percentages of radicle emergence and
germination of 95.50 and 93.50%, respectively, when compared with non-primed seeds (32.50 and
31.00%, respectively). Moreover, the primed seeds with 1.0% KNO; solution were highly vigorous, which
had the time to reach 50% radicle emergence (0.60 days), days to emergence (1.21 days), time to reach
50% germination (2.78 days) and mean germination time (3.62 days). These times were faster than those
of non-primed seeds (1.84, 2.76, 4.08 and 4.76 days, respectively). In conclusion, priming Chinese
mustard seeds with 1.0% KNO; solution for 6 hours at 20+ 2°C is the best method as it resulted in the

highest radicle emergence, germination and speed of germination.

Keywords: seed enhancement, seed dormancy, low germination, speed of germination, seed vigor
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laisiunisindsunfouudniiug (1.84, 2.76, 4.08
ua .76 Yu srudiy) feu Masdeameusdaiug
HANIALEIAI8a15aLa18 KNO; Anuuay 1.0%
e 6 vu. igamndl 20+2°0 1HUIBNsAFTIge
weAadsnienuazansengiian Snviedasen

o & v v A
inuaziuduiugauln@laisingn

AdIARY:  N1INTTAUNMSION WAATNGY ANLRBNAT
AuEluMsen AULTILTIeS

[ v
bANNUT
o o
AU

HKnn1aLY g3 (Chinese mustard) % ®
Wenenansdn Brassica juncea (L) Czernjaew agflu
19 Brassicaceae (Opennia, 1993) aulnefiauuilna

[

Ann1aden wazUszmalnedinisindnudanug
mnnaelut w.e. 2567 Usunu 1.66 uauilansu
Andugan 21.09 d1uum (Agricultural Regulatory
Office, 2024a) Taedrulugdndudaiuginnin
Wennnnusemaiduauausunm 1.53 uaunlansu
ﬁmﬂugaﬂ'ﬂ 15.51 @1uum (Agricultural Regulatory
Office, 2024b) wanadnn1alerTaiduindniug

va o 6 A

AIUANAUNTET1UU el AT UgNY Lagdasdinnugen

o Bl

a

lshnd1 70% wagdauuIaninisnieaimldini
98% ynAmWEATuginIAngrineivualal
awnsadnudiele (The Secretariat of the Cabinet,
2013) Tusgninesnisvudaudanudinnindieain
AUsEImAIUDUTEIMAYa18N1981RAANTNAT
YoLudnLULYABLE (secondary dormancy) Faiudn
fnnaideafivuadnuasiesduszneuifuringy
Uszunad 35% (Thomas et al., 2004) 1agL1u8n019
§3uanimuandeniliivanganluszninsnisuuds
vsemsifiusnw 1wy gamgiigadunaiu Jasde
WugNuluaed Brassicaceae drulwngliiinnsing
wuuUgunil (primary dormancy) Wi®1anuN59HNGY
Wesandosluiugun (wild species) #38Ludn19
Ransiinduuuniogil iesanlsduaninwindes
flalwanzau (Awan et al., 2018) Feify wawugie

Tu33d Brassicaceae A1siiuSnwIigunll 4-5%

WALANUTUFUNNSHT (Baskin and Baskin, 2020)
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NNINIZAUNITONVDLLAANUGTMaETTS Wy
nmsuwtwdnludvieasiailussevaniuias
(McDonald, 2000) §938n15senanisndudosin
wanluinzugniiud limsfvinvudesanudn
I§umnutuanniiisanesuunsedaudaiisnnusing
wdd agrelsianu nsdenldinisnsedunissen
Tnevilhudauaiiofiusnuladussosnadu
frumnzanlumagsia Wesmnagmnlumsusss
waalunguy N1svUEs N152°19919U kaEIONS
ihlugneialy fefu niawdesmiouiudniug (seed
priming) ?NLﬂuiﬁmwﬁqﬁﬁaﬂumiU%"UUqa
Uszansanveamdaiusiiielfiudnsenldsaniia
wazasiiaue (Verma and Mathur, 2022) Taeidu
naviliudagaihegesuiusandisaelusses
7i 2 Wioszeziu (lag phase) HialiAnnszUIUNTNNg
wwuedTuiifefestunszuiumssen uidslsivinli
51nU51nF8A158AAINT LY LNEAD LYY
mm*‘??uﬁuéfu (MacDonald and Mohan, 2025)

N3 BN ouudaiugiivaneds wu
1) ﬂﬁL@]’%&me%’auLmﬁmﬁué:ﬁ’amfw (hydropriming) 10w
mauadeuave S oiniavdlusesnniivensa
2) N33 uns ouud e ugfauansazateLng o
(halopriming) \lun1sudiuanluansazaieinie
pdun3d Wwu Inunal@euluinse (KNO,) uwaalge
aaslsd (Cacl) FuduasaduaSunsenuazansazane
fiangadndsn Luﬁmﬁqamﬁwaéw%’] 9| (MacDonald
and Mohan, 2025) Ta s KNO, 1 uansiafifigae
anensindvenudnfidenldfustiaunsmane
Tudszwmelng (Na nakom and Kaewsorn, 2021) Tag
dloazanethazuandald K waz NO, @9 NO, ¥
whifuddneseuwmueendnulunssuiunsmela 39
¥ldudaiinismieladiindu (Mdntyre et al.,
1996; Lara et al., 2014) s3udedelun1saady
pondaulunszuiunisnielanaznizuiun1seen

aangansennisnneluludn (Hilton and Thomas,

1986) d7u CaCl, \uansdnaduniseen Tasiile
azaneihazuandadu Ca?* fannsauivaugaa
Ausadlu@n (osmotic pressure) vi1lWinase
nszUauNIsgALh Bnitall Ca Wuasdusznaundn da
ddyoiafiosnmueadovnead uazidu co-factor
vanaubeyl Oamylase fifldrugrelunisgoaui
favauegluoulnadsuanluanalngliduluana
v&n (Reina and Pascual, 2001; Reina et al., 2001;
Kirosassefa et al., 2010) U51891UASLATEUNS DY
waniuginnnden ‘Sangam’ sea1savaly KNOs
AMUUTY 0.5% tJutnan 12 ¥y, (Kumar and Rai,
2021) waznisiaseundeuiudaiudinninden
‘Sangam’ A18@1588a18 KNO; AL UNTY 1.0%
Huvian 4 v, inbiwdaiinnusenluanmudasgandi

NSRS UNSDULUAANUSII8U WAz AR LK

]

o w

n1swssunseuuaaRug Aud1au (Suresh et al

§ a

2025) wansliiuinudaiugydaeriunaziug

a
=

Weaiu winisnevaueredIsnIsmssuniouuin
stusuaneaiy veldsduegfuvanetiads 1w Uss 3
wansiug A wiSudureandaiug (MacDonald
and Mohan, 2025)

ueN9INt fresumanisundeusdaiug
HANaLeY ‘TM-2’ Tuansavate CaCl, AUy
100 lalasluans WWunan 18 vy, fgaumail 25° s
Tudafesidudsinsanguazsansintaisa
(Srivastava et al., 2010) wanaugInn1ATeId0n
fldlunuifeiiuadaiuiindininuszine
Thfuauduazvudsnaewlo wa. 2567 lngiudngn
ussylunszasunaradnuazldludaauinuiues
flaildruauanngd nuddinsindadunaiu
Uszanas 1 Jounseiisdedlagdu ey ewided
Jsilfnguszasdiilofnuinavesisnisniounion
WanwugaIvasazans KNO; waz CaCl, Aaany
sonuazAnaLdanssvesndaiug tevilrudacen

Ifasegansuazaiane
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guUnsaluazdsnIg

wanwuginnades
I3 1y & o a 1y I3

waniugAnnmdeaiug NO. 2 gnsausiu
waz 191N UsenalFuaudlanagounnnIn
& o & A & p= I3 o
waniugillowouliunay w.a. 2567 Ineludamin
0.26 N531/1,000 WAA AIUTY 7% AI1UIDN 65%
\WARER 34% wazdusouAnUNA 1% winiuggndy
fregnuaziiusnulugadunaafnuuiUnain
Ngaungivies 30+2° 1Wuan 1 U windiaausen
ANaI91N 65% vUU 31% wasiwananLAuIUIN
34% \Ju 64% Tdusaulnung 4% waviudnnie 1%

(NedaULlBLBUIUIAY W.A. 2568)

Bmaeseuniauuannug

Pnudniusinn s leiueSaunsauLLae

3
13

uglagnisugiudalutn Reverse Osmosis (RO)
a1988a18 KNO; (2110305 99.00-100.50%
twidnlanana 101.10 U3 HIMEDIA $1if Uszine
Sulfe) Annuidudu 0.5 uay 1.0% arsazane
CaCl, (M11uUTans »93.0 timtdnluiana 11098
USEN Sigma-Aldrich 3117@ Uszimauingln) finnu
Wty 05 uaz 1.0% 1Jutian 6 v, figaiuay
gaungfl 2042°% 2 ntudraudaniuii RO lna
Tarenn duludalviuieionszaudu arntuan
auturessdnadlndifssiuautududussana
79% luggaaa1udulii (fu Dry-60, Be Weifo)
flgaumgfl 30£2°% ATIIuENIS 4025% 1Huinan

[

48 %3, naaesfivesufinnisimaluladiudniug

q

AAIVINVEIU AUSLNYAT UAINYIABNEATAIENT

N3N UNITNARDY
TNUHUM VARBILUUANANY50d (Completely
Randomized Design: CRD) i1 6 g laun 1wén

v 6

Mldw3undondniug (gaaruay) Nswseunseu

3

WwinWugeUn a1sazaly KNO, iaududu 0.5
wag 1.0% wagarsazaiy CaCl, NAULUNTY 0.5

waz 1.0% 31U 4 91 91ag 50 LWan

nstuiindaya

vhdaiuginnadeiilsinuuazeiuns
W3EUNFRUNAATUTUINAAOUAIINIBNNINTFIY
Tuan el jURns Tnomizudauunszane
dAmTuMIAaRUANENTEALIY JU K-1 Y83UTEW
WAeunau (Usznelng) 318 @msu) §1835 Top
of Paper (TP) lugaiuaugumiiadu 2030
Tnofigamail 20° Tuanmila Wuan 16 va. waw
aaumnndl 30°9 Tuanmduas WWuan 8 vy WWuaan
7 TUnaunIgLuan (International Seed Testing
Association, 2025) UsgiiuA 190N kaZAILLIIT
YouUAATS Leun

1) Wwanilsnneen (Radicle Emergence; RE)
fuldaiisnsengnuszana 2 wy. iy Wuna
7 TUVEANIZIAR AUINRINGRS

wénilsnaen (%) = (Furuwdaiisnen
x 100) =+ 1uaniEnTiug

2) AN31990 (germination) UsgliluA1nugan
vosudninniadealastuafausn (first count) uaz
ﬁm%qmﬁw (final count) 7 5 way 7 Jundame
Wan aauanau laun dugeudnd AugouRaunf
\WAnER wariudnnie (International Seed Testing
Association, 2025)

3) anildlunissonsanda 50% (time to
reach 50% radicle emergence; Tsgwe) WU LU E AT
Fneng1IUszanas 2 uu. Mty dunan 7 Tunds
mzludn AUININgATAFALYAI9IN Coolbear
et al. (1984)

Toore (FU) = t+ [N + 1) +2) - n) + (n;-
Al x (4 - )]
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et Ap naineufiwansensinlensaunie
t Ao nanfidnanniian ti, ni e S1uauéEe

a
NUINNBDAN 8 134N ti:

= o

n; fie Sunumdandsinen el t,

N o Sruiudafitsinseniiavun
4) Srunuiuiidisinsen (Days to Emergence;
DTE) Yusurwadafifisinsensnaussuia 2 uu.
nndu unan 7 Junduniswdn Auineingns
(Dhillon, 1995)
DTE (3u) = ¥nd + 3n
e n Ao Sunusdeddsnenutuil 1,2, .. n
(n=7)
d fo Jurdumzwdaluiud 1,2, . n
(n=7)
5) nafldlunisseniis 50% (time to reach
50% germination; Tsp) tusiugauuninniu {uran
7 FUNdUNZLUAR AUIUNAINgAs (Coolbear et al.,
1984)
Tso (W) =+ [N+ 1)+ 2) - n) + (- n)]
x (t; - )]

gt A9 naneunwdnseniduduseuund

[ELERVOR

t Ao Ladnnna t

n A9 IIusUgauUUNR Bl 1Ian t;

n, Ao IIWINAUTOUUNF Bl 1381

N fe Saufuseuunfivenun way

5) nanadslunisien (mean germination
time; MGT) udruauduseuun@vniu 1unan 7
Funduniziuin A1uIuengns (Elis and Robert,
1980)

MGT (3u) = $nd =+ n
Ao SNl 1,2 ., n(h=7)

9

o n
d @

[ [ [

Juaarnesdaluiui 1, 2, .., n (n=7)

NFAATIEVdaYaNI19En
TAT1giaduLlIUTINdeyani1eaia
(analysis of variance) WazlUSyULIBUAINULANATS
A11ad8#7833 Duncan’s Multiple Range Test
(DMRT) Taglalusunsuadd R Jompuk, 2012)

NAN15eLaz T

nInszRuAIBNLAnTUEInNIATEIRe

BnsmSsundeuwdniugaisuinazansazaiy

Ane 9 Snavhliudaiisinsenuaziannusenunnmig

'
v a

n1vadfeg1adved1dyd (Table 1) Inoiudad
wigunSeuudaiudieaisazaly KNO; A1y
Wutu 0.5 uaz 1.0% f5nsengafigauarluunnsing
pg19lldedrAgyn19aif Ao 88.50 Way 95.50%
AINEIAU 309893 AiB NSiaSBUNSauLLANTUTA Y
@15agane CaCl, A3 9UTY 0.5% (83.00%) @2
winiliwIoundenudaiusiisnendiiign Ae
32.50% LYuAgIUAIAIIN9eN AgNITinTeUnTey
waniuginnInlledfieasazals KNO; A1y
Wutu 0.5 uaz 1.0% dsnaliudaiiniusengsiian
uazldumnanseensiidodAgyvisaia Ao 88.00 waz
93.50% AN (Table 1) Fanuiudnansiign
wazliunna1segdlidudAyneada Ao 9.50 waz
0.00% AuEU (Figure 1) druudndiliiwIounseu
wdavusiiaausendiiian Ao 31.00% (Table 1)
uAnuAnangaign Ao 64.00% (Figure 1) wanain
wandn1sine
nnantsaaesiuansliiiuiingg
wissunSeuaniudinnalisaiuasazaty KNO;
fiaududu 05 wag 1.0% vilnudaiiaausen

WLAUUSEUN 57.00-62.50% LiloUSeuLieuny
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waailivSounoumdaiiug (Table 1) Jeaonados
flu Suresh et al. (2025) $1891UNSASUNS DULLAR
HuginNIAlEImEasazate KNO; Auidudu 1%
Junan 4 v, iliudasianusenluanimuuasas
niudedildunisedsundeusidaiug (92.40 uaz
82.49% A1UAFU) 1NS12 KNO; tuansdaasunng
990 (International Seed Testing Association, 2025)
idleazaneinazuandild K waz NOs Ine K* azang
atlulalimanFuuaziaflea Yieshwrndndesaluda
(osmotic potential) kagnszAun1IvINUvaeUlY
1N 40 vila Aldlunisdanseiuilsnazusiu
Sniadansedunisirnuresouluifiiertedy
nszuIUnN1IMIEla (Wang and Wu, 2013; Anschutz
et al., 2014) @1y NOs 8138lanudunusuteulyy
lumsasanina (nitrate reductase) Tun1sas1a
Tulesd (nitrite; NO,) 3alunsneenlan (nitric oxide;
NO) uazld NH,* gn3ddilunsnoziilumeoules
ngMIuUTUWINE (glutamine synthetase) ©3BNGAN
WwaguLna (glutamate synthase) (Lin et al., 2020)
F9 NO, avdaslunszurunisdansisilusaunisly
wan inlFwEadvsinalusiufiviy wiaseen
1a asﬁu (Hendricks and Taylorson, 1974; Mcintyre et
al., 1996; Alboresi et al., 2005; Lara et al., 2014)
Snwa NO, Wusisudidnesoulunszurunismela
TuAtimuleanaaine (pentose phosphate pathway)
Fadunsmelaluseiuad
N151989NTLAUVDINTEUIUNTITMITALUY
UnAarAnfuiiniadendu (altemnative pathway) 7
fIN1500NTLAUUAUY WansIn1srglawuuuni
wanendaul 3avnadenisliiAn umdlonismela
wuuUnAignduss (block) Feanssudsnismela Ly
lounlua (cyanide) wagunlaium (malonate) vl
gendumdeifisamediastuindeuidmadondu 9
Fatmulnaneawanduidnadendiddyiionald

29NTLAULNDDDNT AT NADPH @9UDNANDONTLIU

Wa7 NADPH dagneandladlaniesfisudianaseu
g 9wy lumse lulesd delidndudeddeondiau
wiodtnadenvesinalalada (slycolysis) vawiid
unueenauluniseandlad NADPH Tunszulunis
melawuuldldeandiau Jeduasunisenveaudale
(Chanprasert, 2010) wonand NO;~ Fevinlans
Fudinssenvidensauauledn (abscisic acid) nely
Wananas (Matakiadis et al., 2009) wagduasuns
duasesinsndvivelsaduiiienssduniseen
(Hilhorst and Karssen, 1988)

uanINil NMswIeundeuudaiuiinnin
Wedeasazaly CaCl, inududu 0.5% vinlw

s

wénflanusenganinudailsinIeumoumdniug
(Table 1) vaanAdasfiu Bhat et al. (2023) 51891U
MawseunSeumaniug Honesty (Lunaria annua L.)
wARgItuInn el Tngududaluaisavany
CaCl, AaLdudu 3% 1Huiian 48 vu. vinlduén
f3nsengeniinisniounemuiaiugio
(61.10 waz 40.00% A ug16U) wszLile Cacl,
avaeiiazuandali Ca? way CU Seunaidoui
wihidulauninmes (cofacton) fiddnyvosoulesl
vangvfiafidunuimdrdglunisindeudieudann
wrase v savauludidindu o wazditedesuts
Tueuleailsuvesdnliiiluanadnasdmsuldly
N32UIUN1399N (Hanson, 1984) wenNtl Ca2t &l
unumdrAglunisaiuaulasiaiiwarn1svingu
voudoruimad (cell membrane) TagiAetasiunis
M19ruvesnoalnafia (phospholipid) 4285091
wefosnmvondeviuivad aanssiluaresanseng g
panuIABuenad (Hepler, 2005) Snviadsdaasy
nsvieuveseulsinean g (phosphatase) ag
oulesilaa (kinase) Afldruiisadeslunisds
dyanalunszurunissenvesuan (Trewavas and
Malho, 1997)
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agalsinny nMswseundeuuaniuginnie
Jeaseansazans CaCl, innududu 1.0% finavh
Thudadsnsenuariianusensiniinismieundon
wanwusfsansazats CaCl, indududu 0.5%
(Table 1) aradumszansazanefissiuannududu
geasiAwadndsniansazaneiisyfuaududy
i1 ﬁﬂﬁmﬁm@mﬁﬁwdmammslﬁmﬂ'ﬁzmumsqaﬂ
#1 Fanuindaaandeiudaindags (36.50%) iile
Wisuiiisuiuiiszauanududu 0.5% Tudndn
LWe Y 14.50% (Figure D usnand iefiansmun
WisuisuauLsleaau (ionic strength) 531319
a15azany KNO; wag CaCl, denasordndooaluds

s

(osmotic potential) ¥eda1sazatsutluldnius
Fnnimden Aszduanududu 0.5% a1sazans
KNO, fia11uuselooausind CaCl, (0.0495 wag
0.1353 Tuasiedns muddu) wwdeatufisssuay
gy 1.0% ansazane KNO, Sanuusdlosausing
CaCl, (0.099 wag 0.2703 luanadns MUAIAU) 138
uinseiiansazans KNO, fimnududu 1.0% daanu
wsslesausninansazans CaCl, firnududu 0.5%
(0.099 wag 0.1353 luamedns MUAIAU) LAAIIN
a1savarefisziuanutuduiiazUasndediniu
wanuinnndes mnldseduanududugeens

]

dunadesialgoviead

Table 1 Percentages of radicle emergence and germination of non-primed and primed seeds

of Chinese mustard with different solutions

Treatment Radicle emergence Improvement Germination Improvement
(%) % (%) %

Non-primed seeds 32.50+4.12d - 31.00+4.76d -

(control)

Hydropriming 55.50+7.72¢ 23.00 57.00+£10.89¢ 26.00

Seed priming with 0.5% 88.50+5.97ab 56.00 88.00+3.65ab 57.00
KNO; solution

Seed priming with 1.0% 95.50+£1.91a 63.00 93.50+3.42a 62.50
KNO; solution

Seed priming with 0.5% 83.00+9.31b 50.50 80.50+8.85b 49.50
CaCl, solution

Seed priming with 1.0% 60.50+6.40c 28.00 60.50+5.26¢ 29.50
CaCl, solution

F-test o *x

CV (%) 9.20 9.85

** Means+SD followed by the same alphabet are not significantly different when Duncan’s Multiple Range Test (DMRT) method

of mean comparison at 99% confidence.
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100 -
80 41 6400a
S T
& 4150 b
3 - T
$ T 36.50 b
wv
£ 40 - J_ T
4 14.50 ¢ T
[T
20 9.50 d I
|_=_| 0.00 d l
O T T T T T 1
Non-primed seeds  Hydroprimi
onprimed seecs - Rydropriming 0.5% KNO; 1.0% KNO, 0.5% CaCl, 1.0% CaCl,

(control)

SUWULIVLNE

SOULULIVILNI SOULULIVnNI SUWILIVL

Seed priming treatment

Figure 1 Fresh seed of non-primed and primed seeds of Chinese mustard with different solutions

Different lowercase letters represent significant difference (p<0.05).

n1smssunSeuudniusinnintdeayn
F3n1svinluanldianlunissensinde 50% waxil

° o A

FunuTunisnseniiiniuaaildwseunsouan

v ¢

Wug (Table 2) wangInudniinuudausadasonle
Fauazadiane seidlewdaiiunsedeamson
winiuigairazdidezesi 2 uieszesiu (lag
phase)maqgﬂLLUUﬂWigmﬁ:ﬂiﬁL%aﬁﬁu REREREFHY
IUNUaATus1e 9 euleifiAsrdeatunszuiunis
gl uasfinisduasesiouledisuduy
dmsunistesaanvanseisainluanavglidu
Imaqmﬁﬂ L% hydrolytic enzyme, OL-, B—
amylase, proteinase kay lipase %dfjaaaaw
Astulanse Tushu ot Imawsamwméﬁ%gﬂ
waeuelusuduuslefiensuiseaduaynsvens
UIAVBUYad winTwnisnldisininudniily
wwisunsauiudnwug (McDonald, 2000) N3
wissunSouuaniuginninlieaieansazale KNO;
AMILTLdY 0.5 wag 1.0% ilmudnldiiarluns
3NN 50% lgauarliunandnseeedidoddny

N19@0R A 0.71 wag 0.60 U MNAITU Fu5In70

ATLESEUNSDULNAARUSAI8UN (1.09 Y1) Tuvmed

]

waafiliwIeundouudaiugldiailunissonsings
50% G7idn fo 1.84 Tu (Table 2) uaneinLuani
al % @ o & v gj
WTEUNSBULAANUGAI8E1TaZAY KNO, TI9d8 9
ANUTNTUANLN5D99NIIN LA DIATINTNSININUEAT
wisunSouwdniudmellaziudanlinseunsey
Wanug mudIRu deaadastuaisiuuiuiisn

390 (Table 2) IngwanEnnIALReIMHSHUNS oULUAR

9 i

WugAgasazaty KNO; aadiudy 0.5 uay 1.0%
fidunuiuidsinsenisinganazldunnsdisagiedl
Hod1An19adf (1.35 way 1.43 Tu aua1au) @9

(% ¥

< ! d o < ¢ S o )
Li')ﬂ')']ﬂ']ﬁLmiEJllWﬁallLlla@‘W‘Llﬁq YUN (160 'JU) d3U

o s o o a

wanluwSeundeuudanusisiuiuiunisinien

]

G9gn Ao 2.76 Tu denAdadiy Bhat et al. (2023)
F1891UNSAsEUNSouNEnR UG Honesty (Lunaria

annua L.) mga1savale CaCl, Ansidudy 3% (Ju

a7 48 vy, ilmudaisuiutuniisingeande 50%

[
[ °

<@ 1 al v <@ s vV
5INIINseTenTauaniuseiedn (11.6 wag
14.6 3 NUA19AY)
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Table 2 Time to reach 50% radicle emergence (Tsoe) and days to emergence (DTE) of non-primed

and primed seeds of Chinese mustard with different solutions

Treatment Tsore (days) DTE (days)
Non-primed seeds (control) 1.84+0.47a 2.76+0.16a
Hydropriming 1.09+0.30b 1.60+0.26b
Seed priming with 0.5% KNO; solution 0.71+0.05c¢ 1.35+0.02cd
Seed priming with 1.0% KNO; solution 0.60+0.05¢ 1.21+0.10d
Seed priming with 0.5% CaCl, solution 0.76+0.06bc 1.43+0.10bcd
Seed priming with 1.0% CaCl, solution 0.85+0.06bc 1.57+0.13bc
F-test ** **

CV (%) 23.86 8.97

** MeansSD followed by the same alphabet are not significantly different when Duncan’s Multiple Range Test (DMRT) method

of mean comparison at 99% confidence.

Wnswssundouudaiuginniadeavinli
winldiailuniseentia 50% waziiviaadslunis
senisnIdailiwsouniauiudniug (Table 3)
wanIInuAnTiwmIsunsouuaniugaiunsatensin

o & Yo av v g ' & av
wagHaruluduseuunalaiandnudnnly

s

wisnSeuaniug msizn1snIsundouuaniug
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Table 3 Time to reach 50% germination (Ts,) and mean germination time (MGT) of non-primed and

primed seeds of Chinese mustard with different solutions

Treatment Tso (days) MGT (days)
Non-primed seeds (control) 4.08+0.18a 4.76+0.07a
Hydropriming 3.51+0.07b 3.99+0.12c
Seed priming with 0.5% KNO; solution 3.22+0.08c 3.62+0.06d
Seed priming with 1.0% KNO; solution 2.78+0.08d 3.37+0.09¢e
Seed priming with 0.5% CaCl, solution 3.57+0.10b 4.14+0.15b
Seed priming with 1.0% CaCl, solution 3.63+0.08b 4.20+0.07b
F-test ** **

CV (%) 3.02 2.36

**  Means+SD followed by the same alphabet are not significantly different when Duncan’s Multiple Range Test (DMRT) method

of mean comparison at 99% confidence.
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Influencing of Some Environmental Factors Affected on Vegetation
Characteristics in Phu Pra Bhat, Phu Hin Jom Tad - Phu Pra Bhat National Park

Udon Thani Province
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The study of some environmental factors that influence plant community characteristics can
help emphasize conservation of the forest. This study aimed to study the relationship between plant
community characteristics and species composition that appeared along some of environmental factor’s
gradient in Phu Pra Bhat, Phu Hin Jom Tad - Phu Pra Bhat National Park (preparatory area), Udon Thani
Province. Twenty-seven plots of 20 x 20 m were established on study sites. Tree species composition
and some physical environmental factors were collected and used for analyzing plant community
characteristics and ordering forest stands that related to environmental factors. Results found that 81
species 63 genera and 33 families with the diversity index of 3.62 in the area. The plant community can
be divided into four sub-communities. First, the deciduous dipterocarp forest with Dipterocarpus
obtusifolius community was determined by elevation and aspect. Second, the deciduous dipterocarp
forest with Gluta usitata community was determined by slope. Third, the mixed deciduous forest with
Cananga latifolia commmunity, and fourth, the rock outcrop forest with Peltophorum dasyrrhachis. Both
communities were determined by temperature and rainfall. The results indicated that physical
environmental factors had an influence on the appearance of plant community characteristics.

Therefore, in the management of forest resources in Phu Hin Chom That - Phu Phra Bhat National Park,

55



5ANTIVYLALANFSUIVINTNEAT 42(3): 55-73

physical factors of the area should be considered along with the different plant community

characteristics in order to find appropriate management approaches in terms of natural resource

conservation, forest and ecosystem restoration, research, tourism, and recreation, etc.

Keywords: species composition of tree, physical environmental factors, limiting factors conservation

forest management
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Location sampling plot of Phu Pra Bhat forest

Udon Thani province
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Figure 1 Boundary and location of study area in Phu Pra Bhat, Phu Hin Jom Tad - Phu Pra Bhat

National Park, Udon Thani province
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Figure 2 The dendrogram of forest stand clustering in Phu Pra Bhat, Phu Hin Jom Tad - Phu Pra Bhat

National Park, Udon Thani province

Remark: DDF-DIOB = deciduous dipterocarp forest with Dipterocarpus obtusifolius community, DDF-GLSU = deciduous dipterocarp

forest with Gluta usitata community, MDF-CALA = mixed deciduous forest with Cananga latifolia cornmunity, and LHN-PEDA rock

outcrop forest with Peltophorum dasyrrhachis community
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Table 1 Plant community characteristics of sub-community in Phu Pra Bhat, Phu Hin Jom Tad -

Phu Pra Bhat National Park (preparatory area), Udon Thani province

Community characters Total DDF-DIOB DDF-GLUS MDF-CALA LHN-PEDA
Tree

Number of species 81 a1 10 32 31
Shannon-Weiner index 3.62 3.33 1.57 3.06 2.81
Basal area (m” ha™) 17.09 9.42 1.39 3.28 3.34
Stem density (stems ha™) 687.069 771.875 506.25 631.25 690
Sapling

Number of species 123 23 11 0 27
Shannon-Weiner index 3.01 2.986 1.66 - 1.55
Stem density (stems ha) 1,696.6 1,650 4,700 0 2,700
Seedling

Number of species 365 7 7 19 22
Shannon-Weiner index 2.75 292 1.23 1.9 1.58
Stem density (stems ha) 5,034.483 625 5,300 31,600 4,400

DDF-DIOB = deciduous dipterocarp forest with Dipterocarpus obtusifolius community, DDF-GLSU = deciduous dipterocarp forest

with Gluta usitata community, MDF-CALA = mixed deciduous forest with Cananga (atifolia community, and LHN-PEDA rock

outcrop forest with Peltophorum dasyrrhachis community

Table 2 Top five ranking based on IVl ordered of tree in each sub-community in Phu Pra Bhat,

Phu Hin Jom Tad - Phu Pra Bhat National Park, Udon Thani province

Plant community Staged Species RD (%) RF (%) Rdo (%) VI (%)
DDF-DIOB Tree Dipterocarpus obtusifolius 12.551 4.523 14.830 31.903
Shorea obtusa 13.563 6.030 10.150 29.743
Pentacme siamensis 11.538 6.030 6.672 24.240
Xylia xylocarpa 8.704 6.533 6.329 21.566
Pterocarpus macrocarpus 4.453 6.030 7.178 17.662
Others
Total 100.00  100.00 100.00  300.00

63



5ANTIVYLALANFSUIVINTNEAT 42(3): 55-73

Table 2 (Continued)

Plant community Staged  Species RD (%) RF (%) Rdo (%) IVI (%)
DDF-DIOB Sapling  Pterocarpus macrocarpus 9.091 10.000 0 19.091
Cratoxylum cochinchinense 7.576 7.500 0 15.076
Cratoxylum formosum 7576 7.500 0 15.076
Garcinia cowa 7576 5.000 0 12.576
Xylia xylocarpa 7576 5.000 0 12.576
Others
Total 100.00  100.00 100.00  300.00
Seedling  Rothmannia wittii 12.000  12.500 0 24.500
Sindora siamensis 8.000 a.167 0 12.167
Lagerstroemia floribunda 8.000 8.333 0 16.333
Xylia xylocarpa 8.000 8.333 0 16.333
Vitex peduncularis 4.000 4.167 0 8.167
Others
Total 100.00  100.00 100.00  300.00
DDF-GLUS Tree Gluta usitata 48.148  18.182 29.439 95.769
Dipterocarpus obtusifolius 24.691  18.182 47.121 89.994
Pterocarpus macrocarpus 6.173 13.636 4.884 24.693
Cratoxylum formosum 6.173 13.636 2.794 22.603
Irvingia malayana 4.938 9.091 3.716 17.745
Others
Total 100.00  100.00 100.00  300.00
Sapling  Sterculia guttata 53.191 8.333 0 61.525
Pterocarpus macrocarpus 6.383 16.667 0 23.050
Cratoxylum formosum 12.766 8.333 0 21.099
Gardenia sootepensis 6.383 8.333 0 14.716
Xylia xylocarpa 6.383 8.333 0 14.716
Others
Total 100.00  100.00 100.00  300.00
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Table 2 (Continued)

Plant community Staged  Species RD (%) RF (%) Rdo (%) IVI (%)
DDF-GLUS Seedling  Lannea coromandelica 62.264  14.286 0 76.550
Cratoxylum formosum 15.094  14.286 0 29.380
Dipterocarpus obtusifolius 9.434 14.286 0 23.720
Vitex peduncularis 5.660 14.286 0 19.946
Gluta usitata 3774 14.286 0 18.059
Others
Total 100.00  100.00 100.00 300.00
MDF-CALA Tree Cananga latifolia 9.901 4.651 13.435 27.988
Millettia leucantha 8.911 4.651 11.840 25.402
Sindora siamensis 5.941 4.651 10.056 20.647
Symplocos racemosa 11.881 2.326 5.045 19.252
Microcos tomentosa 7.921 4.651 4.246 16.818
Others
Total 100.00  100.00 100.00 300.00
Sapling - - - - -
Seedling  Sindora siamensis 50.000 9.524 - 59.524
Microcos tomentosa 7.595 9.524 - 17.119
Rothmannia wittii 10.759 4.762 - 15.521
Mammea siamensis 5.063 4.762 - 9.825
Wrightia arborea 5.063 4.762 - 9.825
Others
Total 100.00  100.00 100.00 300.00
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Table 2 (Continued)

Plant community ~ Staged  Species RD (%) RF (%) Rdo (%) IVI (%)
LHN-PEDA Tree Peltophorum dasyrrhachis 14.493 7317 59.156 80.966
Cratoxylum formosum 21.739 7.317 5.172 34.228
Lannea coromandelica 6.522 7.317 3.104 16.943
Xylia xylocarpa 4.348 4.878 4.680 13.906
Dillenia ovata 7971 2.439 3.220 13.630

Others
Total 100.00  100.00 100.00 300.00
Sapling  Wrightia arborea 37.037  11.111 - 48.148
Cratoxylum formosum 25926  22.222 - 48.148
Microcos tomentosa 14.815 22222 - 37.037
Tadehagi godefroyanum 11111 22.222 - 33.333
Memecylon edule 7.407 11.111 - 18.519

Others
Total 100.00  100.00 100.00 300.00
Seedling Lannea coromandelica 36.364  18.182 - 54.545
Cratoxylum formosum 25.000 18.182 - 43.182
Peltophorum dasyrrhachis 18.182  18.182 - 36.364
Tadehagi godefroyanum 4.545 18.182 - 22.727
Pterocarpus macrocarpus 11.364 9.091 - 20.455

Others
Total 100.00  100.00 100.00 300.00

DDF-DIOB = deciduous dipterocarp forest with Dipterocarpus obtusifolius community, DDF-GLSU = deciduous dipterocarp forest

with Gluta usitata community, MDF-CALA = mixed deciduous forest with Cananga latifolia community, and LHN-PEDA rock

outcrop forest with Peltophorum dasyrrhachis community
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Figure 3 The CCA ordination diagram representing the relationship between the vegetation of tree

species and some environmental factors; elevation (ELEV), rainfall (RAFL), temperature

(TEMP), slope (SLPE) and aspect (ASPT)

Table 3 Correlation matrix (Pearson correlation coefficients) of the relationship between CCA Axis 1,

Axis 2 and Axis 3 and some of environmental factors; elevation (ELEV), rainfall (RAFL),

temperature (TEMP), slope (SLPE) and aspect (ASPT)

Factors CCA1 CCA2 CCA3
Aspect -0.675 -0.468 0.042
Temperature 0.694 0.246 0.454
Rainfall 0.000 0.669 -0.545
Elevation -0.651 0.064 -0.457
Slope 0.624 -0.468 0.043

DDF-DIOB = deciduous dipterocarp forest with Dipterocarpus obtusifolius community, DDF-GLSU = deciduous dipterocarp forest

with Gluta usitata community, MDF-CALA = mixed deciduous forest with Cananga latifolia community, and LHN-PEDA rock

outcrop forest with Peltophorum dasyrrhachis community
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urdadluiud 1wy azunuas (CAUM) wifnndle
(ROTI) 85149 (PEIS) wazeaya (MOIA) tJudu
dlesnnUSunaiwWutes dwad dawaldduldd
dnwasuaszunuddianuaddndifissiu (Watthana
et al., 2020)
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The aims of this study were to investigate antimicrobial activities against Xanthomonas oryzae
pv. oryzae the bacterium responsible for rice bacterial leaf bligsht and Pyricularia oryzae, major rice
pathogens, and biosurfactant production of Bacillus velezensis. B. velezensis isolated from lichen were
used in this study. All isolates of B. velezensis showed antimicrobial activities against Xoo and P. oryzae
according to spot on lawn assay, agar well assay and dual cultures method. The biosurfactant
production of B. velezensis was screened by cell hydrophobicity, emulsification activity (E24) and
specific genes for cyclic lipopeptides (cLPs). The results of bacterial cell adherence with hexadecane
and emulsion by olive oil confirmed that the seven isolates of B. velezensis were able to produce
biosurfactant. Furthermore, the PCR products of six cLPs synthesis-related genes comprising of SUR3,
sifA, ituD, ituC, fenD and bmyB that regulated antibiotic biosurfactants production including surfactin,
iturin, fengycin and bacillomycin, were detected. The safety of B. velezensis isolates were evaluated

using antibiotic susceptibility test. It was found that all B. velezensis isolates were susceptible to
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penicillin, ciprofloxacin, tetracyclin, Tigecyclin and vancomycin. B. velezensis are also not be listed in

Pathogens and Animal Toxins Act 2015. These results can potentially make B. velezensis useful and safe

as agricultural biocontrol agents.
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naasgrendeqdunidnalsady 3) adraans

75



5ANTIVYLALANFSUITINSNEAT 42(3): 74-88

lipopeptide LU bacillomycin, fengycin, iturin A R
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(Shafi et al., 2017)
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2016; Mouafi et al., 2016) S24H 9015 nw1G U
Aedasfunsadeansanusiieimeanmmant
LY W ituA, ituD, bmyB, bmyC, sifAA, fenB, fenD,
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W afNwIAINAINTI00 B, velezensis 7 uenle

a6 1

ntaau lun1sdudegaunsdnelsadanazaiunse

< A o v Y [
W UNLABNAINIULNYATAS LWE]IGﬁuﬂ’]ﬁf\]ﬂﬂ’ﬁiﬁﬂ
S o 4

YNIUBNALDIINATITANSIATINTINYAT WALTINUN

llvngauviownaintutagiu
L4 ad
uUNIRULAZIENT

NISNAFBUAINNAINITOVBUYDUATILSE Bacillus
velezensis Tun1sgud Ly auuan s gavn lsa
vauluwits Xanthomonas oryzae pv. oryzae

nadgaunewaila spot on lawn lagvinns

v
&

MAELE s d ouuATLS e X onyzae pv. oryzae
Tus1119t1ma2 Nutrient Glucose Broth (NGB)
figaumgiivies lwehilaui3asey 120 rom uw 2 Ju
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L%al,wﬁﬁﬁa B. velezensis (Klayraung et al., 2017)
ﬁwagLé‘ym‘Lummimm Tryptone Soya Broth
(TSB) (Himedia, India) u1u 24 $2lus Usuns 2 ul
NUARIRINEN01MS SelvivesmaIfuaiivtn Iy
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nagsulszdnsarnlunisdud adie X
oryzae pv. oryzae laga1sAgniaegld agar well
diffusion Tagina1suvIUaRBlLUATILSY B. velezensis
Fiwdenliudeatuinu tanduwissfianu
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N1INTOETUUNUTUINGY 0.2 pm Routhlunaasy
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B. velezensis lumstiusadion Pyricularia oryzae

NARDUAINAINITOVOILE BUUATLTE
B. velezensis s[,um'iéjugdl,“??aﬂ P. oryzae 918738
dual culture 1411 8 B. velezensis 7 1n1z1a vl
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Potato Dextrose Agar (PDA) ntuth glass pasteur
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VU815 PDA 8ndau T szugrnaseninaie
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\uszos 3 wu. Uuilgamgiivies uw 7 $u fan
s3ailvestalatifesaaeu (fungal growth) ey
fudosaruaud e guuaueIm i lugnide
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thumandesidudnssudninasyuendule
‘W%@@JﬂwmmLU@%L%um"luﬂﬁé’Uézqmﬂqm
Mycelium growth inhibition (%) =

(fungal control growth — fungal growth) X 100

fungal control growth

It us s lUnageudszans nwlunis
duda P oryzae lagansnAund 61835 agar well
diffusion A 2811591291115 MPDA A 18 glass
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v09.% 07 1z s eluenmsivas TSB iy 3 Su
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agar well diffusion Iﬂaam supernatant Usunng 25
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1) nsnedeuaulivoutinveusad (cell
hydrophobicity) @ 7875 Bacterial Adhesion to
Hydrocarbons (BATH) assay

UJSuAuguvemenauad 8. velezensis
1a8N15L139919A28@19a¥a18 50 mM phosphate
buffer pH7.4 5’®ﬂ’nmjuﬁa‘am§a\1 spectrophotometer
(SP-830, Metertech, Taiwan) fiA211817AA W A610
nm Tilaussanas 0.5 + 0.05 (A) wazaaldvaen
NAaeIuIuIng 1.2 ml i@y hydrocarbon Taald
hexadecane (Sigma, Germany) U115 2 ml ﬁgdﬁyﬂ
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€

1AS 89 vortex mixer Jutduiaan 2 undi o o3
puvniviendunat 15 wift thdhiiegduans
waealuIaAn A610 nm (A) Tufinnannuldseuti
vosuaiisy Awlnlagldgns

A
% cell hydrophobicity = (1 + E) x 100

2) nsnagauaNaINIsalunisiia
emulsion U8 ILE BUUAT L5 8/ 8N15WIAN
emulsification index (E24)

n15MIA N E26 99919 ouunALSe B
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IuﬂﬁiMCydic lipopeptide 1 0.5% Sodium Dodecyl
sulfate (5DS) 10 u positive control wazldurndu
WaEDI11S TSB LU negative control AN14IUMA

ARl £24 1nwans

height of emulsion layer

E24 (%) = x 100

height of liquid column

3) m3230UT i et eatun1sadeans
UiThuy uazBuiiieadestunisaiasaniseiai
¥99 Bacillus bawn surfactin, fengycin, iturin wag
bacillomycin Tngd1384 primers wazan1izdi 1oy
N15v11U 581 polymerase chain reaction (PCR)

N8BS Mora et al. (2015); Nanjundan et al.

(2019); Plaza et al. (2015) lngainnLduLawUATILSY
Bacillus 199371150529 Ingyaardn DNA 11525y
PureDirex Genomic DNA Isolation Kit (BIO-HELIX,
Taiwan) vmsifisdSunadiduevesuiiifendesiu
cyclic lipopeptide (Table 1) A28 1vAdn
Polymerase Chain Reaction (PCR) feia3esfigens
Major cycler (Major science, Taiwan) N15M 573
HanAnALdweanUfATe1 PCR 1neds agarose gel
electrophoresis Tu 1.5% Agarose gel FHaweia SYBR®
Safe DNA gel stain (Invitrogen, Canada) Sutaalng
P304 Electrophoresis (Majorscience, Taiwan) L#l
1XTAE buffer (Invitrogen, Canada) 81uraseweses

UltraStim® LED illuminator (Mastrogen, Taiwan)

Table 1 Specific primers for cyclic lipopeptides (cLPs) production

cLPs Genes Primers Base sequces (5 —>3 ) Ta (°0)
Surfactin SUR3 SUR3F ACAGTATGGAGGCATGGTC
SUR3R TTCCGCCACTTTTTCAGTTT >0
SrfAA SRFAF TCGGGACAGGAAGACATCAT
SRFAR CCACTCAAACGGATAATCCTGA 004
[turin ituD ITUD1F GATGCGATCTCCTTGGATGT
ITUD1R ATCGTCATGTGCTGCTTGAG >
ituC ITUCF GGCTGCTGCAGATGCTTTAT
ITUCR TCGCAGATAATCGCAGTGAG °01
Bacillomycin bymB BMYBF GAATCCCGTTGTTCTCCAAA
BMYBR GCGGGTATTGAATGCTTGTT >
Fengicin fenD FENDF GGCCCGTTCTCTAAATCCAT
FENDR GTCATGCTGACGAGAGCAAA °01

78



Journal of Agri. Research & Extension 42(3): 74-88

mMsvadausTLANUUABAAEYE YD B. velezensis

Anwiguuutlunishesesiufdaug dae
disc diffusion method (CLSI, 2010) Tagnsal vo
Bacillus 1%’ @15 Penicillin (10 pg/disc), Ciprofloxacin
(5 pg/disc), Tetracyclin (30 pg/disc), Tigecyclin (15
ug/disc), wag Vancomycin (30 pg/disc) (Himedia,
India) ¥INN15VAERUUUBIMT Blood agar (Biomedia,
Thailand) YuHugILAazsidn 1MIUURINL181AS
fivinamadey 3 41 Unfigamndl 37 ssmiwaidoa
Wy 24-48 Flus Fuanudnadudadeuuaiitouay
Sovunadusinugudnarsvenda thumeindouas
\WigufuAsnasgIu Weaguin Susceptible (S) Ao
Tasiensdudawesen Intermediate () Ao Tasionns
fFudwesenusaan wae Resistant (R) Aefumusesn
(Weber et al., 1988) uaﬂmﬂﬁmamﬁamzﬁumm
Uaanden1adan mainseauaiudes (1-4) vaq
Wouundiise AUUTENIANTENTNANSITNGY 304
51901918 olsafi Uszasd mruaumIuLIngT 18
.7, 2561 (Royal Thai Government Gazette, 2018)

ASAATIZINSEDR

Tuusiazn1smaaedsii 3 91 Tias1eRAIY
LANF1909ALRA BF 28 Duncan’s Multiple Range
Test laglusuasy IBM SPSS Statistics version 29.0

NAN1599¢

nan1magauqns sudwdeuuaiiseanalsn
vauluusta X. oryzae pv. oryzae vaeauuniie
B. velezensis

PMNNTNAABUANUAUTOVDN B. velezensis
Tun1sgudad ouuaiise X onzae pv. oryzae
annnlsaveuluuisludnn Tnslamzngudinenld
nlairu (Klayraung et al,, 2017) WUi’]L%’ 9 B. velezensis
Alsnavanlunistudauuaitidelgwannismadey
1agle35 spot on lawn way agar well diffusion R
gannsmadaulag spot on lawn fifwdnsduds
(;?ﬂl,m' 1.86-8.12 (Table 2, Figure 1 A) %&L%’E)B velezensis
LC130 aunsadusud e X. oryzae pv. oryzae 1§
Fitan Tnedidviinissuds fe 8.12

wdntuideuvaiiGeilinauinlunis
nedeuwad I mageuUsyansnwlunsdudde
X oryzae pv. oryzae Wgansvienil lngly superatant
voudefiwzidsdusmsmva TSB uu 3 Yu Tne
15 agar well diffusion WU supernatant “UENL%EJ
B. velezensis va 7 lelwian uansusnaduduiniy
soUNAY 71 1A Y supematant (Figure 1B) fiALade
AU eI NUS 17.13-43.87 wu. Tnaide
B. velezensis Tolgtan LC1, LC2, LC19, LCT0 wag

o w

LC130 dengandn LC33 uag LC33.1 ageditaddgy

o

v @ o W

nananseauledifey 0.05 nIoNszAUANUTDLY
95% (Table 2)
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Table 2 Antibacterial activity of B. velezensis against X. oryzae pv. oryzae

B. velezensis Accession no.

Antibacterial activity against Xoo

Spot on lawn (ABI)* Agar well assay (DCZ)**
LC1 KY084550 3.73° 41.40°
LC2 KY084550 6.65° 43.87°
LC19 CP014990 2.55° 43.87°
LC33 CP014990 6.93° 24.80°
LC33.1 MT649755 7.01° 17.13°
LC70 KX673635 1.86° 42.80°
LC130 KY084550 8.12° 39.03°

* ABI means antibacterial activity index. ** DCZ means diameter of clear zone in mm.

Figure 1 Clear zone of antibacterial activity against X. oryzae pv. oryzae of B. velezensis LC130

by spot on lawn (A) and agar well diffusion assays

HANTNASEUANE SUSWT a1 P. oryzae veuTe
WUANLSe B. velezensis
a"wﬁ’umimmaauqmﬁga”uagaLsﬁyam
Pyricularia oryzae anvnlsalniludia e
nadaun oAl A dual cultures wWuIn L%a
B. velezensis v 1 7 lalwian 7 @a1u1saduds
X. oryzae pv. oryzae annsadiud P oryzae 9
wuitu TneAndudesidusdudansiasey 24.67-
58.79%
wonandladnsmagoudszansamlunis

Fuds P, oryzae tnganinaeni neld supernatant
voud o iwizid selue misinas TSB uu 3 Ju
Wuieafuiinageu X. oryzae pv. oryzae dlold33
agar well diffusion wu3191n 7 Telwiandilinauan
Tudunounsmadeu dual culture fiites 4 loluan
i supernatant mmsas‘]’usﬂ% P. oryzae 191 (Figure 2)
Téun LC2, LC19, LC33 way LC33.1 lnudAnLtdu
Wesiduidudinisiadaiios 11.89-31.64%
(Table 3) Ing) supernatant ¥e4 B. velezensis LC19
ﬁ‘uszﬁw%ﬂwwqqqmiumimaau%umauﬁ
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Figure 2 Mycelial growth inhibition on P. oryzae by B. velezensis LC1 (A) and supernatant

of B. velezensis LC19 (B)

Table 3 Mycelial growth inhibition of Pythium oryzae by Bacillus velezensis using dual culture

and agar well diffusion methods

B. velezensis

Dual culture

Percentage of mycelial growth inhibition

Agar well assay

LC1 58.79+4.5a -
LC2 57.68+1.34a 11.89+£1.47b
LC19 28.41+2.61c 31.64+0.22a
LC33 56.19+1.29ab 12.96+1.37b
LC33.1 49.38+6.39b 16.63+6.78b
LC70 52.97+0.93ab -
LC130 19.31+1.56d -

NANTSANEINITHANENTAALITIAIRINITINTNUDS
L‘ls;I 8 B. velezensis an1inngau cell hydrophobicity
#2875 BATH assay
wamimaaummwmauﬁwmLévaé (cell
hydrophobicity) f1&) BATH assay 16 gl% hexadecane
W o UTUNIIHE PN TAALTIR IRIMNT 10N WU
B. velezensis Wosidudmnuldvoudivosisad
4.10-46.86 (Figure 4) Inglolaiandilva1aulyl
%auﬁwamaéqqﬁ'qm A B. velezensis LC1 éﬁﬂﬂ’li

Tdveutvewwadaiuisalddudeousdnisuanans

= a = a a ¥
AALIIAIRINNTININVRILUATLS LA

ran159n1%iAn emulsion vasde B. velezensis
fanssunisiAa emulsion Taeld iy
uznan vas B. velezensis #a 7 lolatan uansdaod
E24 wu3n B. velezensis 31w 6 lolaian firade
E24 9071 negative control gnL3u B. velezensis
LC2 AdlAndndn Ao 37.30% luvaiian 6 Telaamiu
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fAnegluyae 38.97-51.92% muandlu Figure 5 ugi
0t19l5f7 superatant vaa B. velezensis i anun
fiewade E24 sndn positive control Ae 0.5% SDS
fififnda 62.02% anuan1IMARBs B. velezensis
lelwaniluanarniade £24 geninlolelanduoeiadl
Toddymeadnfiseduiioddy 0.05 Ao LCL, LC19
waz LC70 Geanvseyleinde 8. velezensis fin1s

UanUaswanstungu cyclic lipopeptides 8NN

HAN1SNTIBUTITETsTUNIES e TanWSIR AT

¥ nlungy cyclic lipopeptide
Mnnansnadeudnuazidosduluniswan

asanussieiatinndaduansyAegiffunum

drfglunsdugarerduvsdnelsaiy Tudunauilis

Iinsnsraduiliiendosfidosiuansanusafisiia
Fanmidsiesunisasranulunuaiiie Bacillus
lagianizna uued cyclic lipopeptides Lawn sifA
way SUR3 Fadedeafiunisadna surfactin 8u fenD
W gt eatun1sadie fengycin 8 ituD wag ituC
Aeadotunisadng iturin waz bmyB 7iduiusiu
38379 bacillomycin sandu 6 8u Aldlunsinen
WU 1@ B. velenzensis wa 7 lelman nsranuiu
5 8u lawn srfA, SUR3, ituD, fenD wag bmyB (Figure
5A-C, E-F) Tnadlauinues PCR product winfiu 201,
441, 647, 201 way 370 bp MIUANY du BU ituC
dunsranuiiies 3 lelawan laun B velenzensis
LC1, LC2 wag LC130 dvu1nva9 PCR product 423
bp (Figure 5D)

50.00 - T
g 40.00 A
>
9 3000
O
ey
s
£ 2000 -
>
e
T 1000 A e de
- I
0.00
LC1 LC2 LC19

LC33 LC33.1 LC70 LC130

Bacillus velezensis

Figure 3 Cell hydrophobicity of B. velezensis by BATH assay
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Figure 4 Emulsion index of B. velezensis supernatant

Kan1sAnwIAUAaARBYaALTD B. velezensis
If3suiisuiodeuuaiifofuuszne
N3ENs19EI513aY 130 Mensdelsaiivszacd
AIUALAILNIATT 18 .M. 2561 Wudud alungu
B. velezensis liusnglunsifusedoidonielsaly

Aukazdnd wazlunisneaeuninulisee ujiue
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A28 disc diffusion method ¥89 Bacillus MUNANNTS
Y943 Celandroni et al (2016) 1% @15 Penicillin
(10 pg/disc), Ciprofloxacin (5 pg/disc), Tetracyclin
(30 pg/disc), Tigecyclin (15 pg/disc), kaz Vancomycin
(30 pg/disc) liwuinide B. velezensis AlFlunsAnw
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Figure 5 PCR products of specific primers for srfA (A), SUR3 (B), ituD (C), ituC (D), fenD (E) and bmyB (F) genes
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32150iNAaN1598

v

a v ‘:s‘/ § 0o w 14
1N IeldTnguszasddAglunisly
wuATilSe Bacillus velezensis tioauAslsavaululitg
= = & N

F 9@ mnIINYouUATILS 8 Xanthomonas oryzae

pv. oryzae way lsalnillud1a §aAnand 957

v
a v aa

Pyricularia oryzae Yagluauidaiil B. velezensis
Fuau 7 lelwian 39 B. velezensis Wuwuafiefdl
oMUt lenimensnuassludinvews
n13AuAulsANY wavduasunisasayiaulnvesity
saudsludnaaqe lay B velezensis .0 uaddd
7 g aTuunlvy ves B methylotrophicus, B
amyloliqueciens subsp. plantarum wae B. oryzicola (Ye
etal., 2018)
dmdugrilunisdududodunidnolsa
WYv84 B. velezensis 4351847UILANIINNTTAT
a1snfend Feaonndesturuidoluaded do
supernatant 984 B. velezensis 8¢, 72 7 2lu4
fifiqussuds X. oryzae pv. oryzae waz P. oryzae
1neg Lim et al. (2017) wag Chen et al. (2020) 1#
3784741 supernatant U84 B. velezensis @131190
Fudadesnelsafivsinits Magnaporthe oryzae
awglsalnifludin iWefansananuduiusan
ﬂiﬁWﬂﬂiLﬂ%@LLaxqm§ﬂ1ﬁUsj”’ﬂ wanslifuingns
é’ug\ﬂfﬁwmwmﬂa’]maaﬂuﬁ INMTUATIEANUT
mjmmsazmaﬁ;ﬂé’ﬁa bacillomycin L waz fengycin
A Bnainaddees Yu et al. (2022) Seeaui
B. velezensis YA215 GeusnldanntUmeiauinisudn
a1373luanalunguuss lipopeptides W4 surfactin,
iturin Wae fengycin sf'fqmﬂuﬂdmm lipopeptides
fpuantilunnduaseaussiiomedanm fafy
nuATeiRslaTinsAnwaaliveuth (BATH assay)
warauaIui1salunisii e E24 (emulsification
index, E24) & awavn BATH assay B. velezensis 7

Waswudrnuldveuiivaawasd 4.10-46.86% d7u

A1 E24 fieeglurag 38.97-51.92% §991na1u3de
U84 Syahriansyah and Hamzah (2016) wag Mouafi
et al. (2016) Fsnsradeupuauisalunisiin £24
U84 B. subtilis way B. brevis Lﬁaszqmwmmm
Tunsuana1sanusIislanIsdinnin wuandan E24
LWed 17 Ay 46.60% Muasiu

Yena1ni 91nn15A52adeUd U
FAefesiunsdauaseit cyclic lipopeptides T
SUR3, srfA, ituD, ituC, fenD way bmyB ﬁﬂ?ﬂﬂu
A3MEAR surfactin, iturin, fengycin tag bacillomycin
Wu31 B. velezensis 7l iigns §ud’s X. oryzae pv.
oryzae ua P. oryzae ATANUBUTA 6 4 1wuiientiu
MUY Zhou et al. (2022) 1a51891UN15A NWA
aruannsnlunssusgauniddelsaluim lnewde
B. velezensis dauenl@ansin Boldostemmatis lu
fm‘s“f‘uéga'qauw‘%sj‘daiﬁﬂiuﬁﬁnﬁﬁﬁm Magnaporthe
oryzae Wag X. oryzae pv. oryzae &4053anuu
fiieadaatiunisasns lipopeptides Léun itua, itub,
bmyB, bmyC, srfAA, fenB, fenD, bacA wag bacD
ﬁﬂlfu B. velezensis 3991280158519 lipopeptides
171,;@ 3 ﬂﬁjuﬁa surfactin, iturin L8 fengycin uaﬂmﬂﬁ
Niemhom and Kittiwongwattana (2023) le 51891
NISUENIDONUDITULUATILS Y B. velezensis 2211
feannsadudinsesauendilevendon Pyricularia
oryzae Lﬁ‘aLWWLﬁyqumwﬁ potato dextrose
broth n15UaA@NURIEU bmyA, fenB wag dhbE
%Qﬂ?U@Mﬂﬁa%ﬂﬂﬂiau Bacillomycin D synthetase
ey Fengycin

Tun1siuUATEENIUTEYNANIANITNYAT
ludrendunisudaionsodndfniu & sddey
flagdassnilei Ao meuwantuasdosnendu
Frumusesfdaue feorauninszarsludude

SN a 1% v ' Y a
wuailisunelsaludsindeonls enaneliAatgm

o
YK

Tunsshwlunywdvsedaiseeufdiueiu dadl

'
=

o < b aAaa 1 aa
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A5 UsTEUTEAUNTAUNUA B U T IUE RN

A

Wwanuatisenazinlulgaula (Agerso et al., 2018)

v
av A

Tngluanuiseilavinimageuainulsios Uty
voud ouuniiSe B velezensis Ing33 disc agar
diffusion A ve1UTIue 5 ¥da A8 Penicilin,
Ciprofloxacin, Tetracyclin, Tigecyclin Lag Vancomycin
wuinde B velezensis i1 7 lelwian lasoeUfiaug
W1 5 wilafinadeu WulieafuIise Celandron
et al. (2016) ua Luna et al. 2007) Tagluan3 Fertsaoq
F1&virud suuaiise Bacllus nanead T4 19y
B. anthrads, B. cereus, B mycoides, B. pseudomycoides
WAz B. thuringiensis $Muauaa wannn3 75 lelaan
WU e Bacillus i maaudauﬂlmﬁ 261981 penicillin
wa' lae @ Ciprofloxacin, Tetracyclin, Tigecyclin Lag
Vancomydn & sn5§nenisand suuadise Bacillus
Tulsswerunald’sn Tetracyclin kag Vancomycin
Fafule B. velezensis Tusuisoasaiidosduied
Aanulasndelunisin Ul egrelsinaginedinng

ilunsraaevduiinertosiunishosufiuesely
#3UNan153Y

Tun1sAneinisdud quuav 13y
Xanthomonas oryzae pv. oryzae Wagtd 951
Pyricularia oryzae 484 B. velezensis 31U 7 loluian
wuansadududenelsaludaia 2 vila 16
TAUEINISaRERa15anwI IR IR IM19T 1 W ]e
Mnmsaeaeuriliiveut weusad Aanssumsiin
53atu wavduii i vat et unisas1eans cyclic
lipopeptides Fausznoume SUR3, srfA, ituD, itug,
fenD wag bmyB ﬁ.ﬂﬁUﬂMﬂﬂiwﬁmﬁ’liaﬂLLSQﬁ\‘iﬁ’J
n19Frn i SudanAunis 1dun surfactin, iturin,

fengycin Wa g bacillomycin ag B. velezensis

1 AUUADAA BN 10 INAINN1SA Nw1ALLIR D
81U ¥ 3ue penicillin, ciprofloxacin, tetracyclin,
tigecyclin Waig vancomycin LarNIIATIvERUNELU UU
5107 01d enolsnluauuazdn 1i o B velezensis
FelueglutndmeniadenelsaUszniansenng
a5150a% 15 09 918n19d olsndl Uszasd aauau
AIUNINTT 18 W.A. 2561 mﬂuWi%i’]‘Uﬂ@iﬁﬁL%@Iiﬂ

o

LATNYIINGRNT W.A. 2558
AnRNSSUUIZAA

el suaudszainalunsideanu
aduay uIUY agIuveIan T U ANANYT AU
Ingm1ans ITuuaruinnssy Useinleudsvunm
W.A. 2565 (13.1-65-012) Lagy U ANYUNITY
nanssudLatlagaiuayunsIBuaruiInnssy 0
d1dnaunsITeunua Yseand w.a. 2564
(uitauddinAne U w.e. 2564)
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Sangyod rice is the most popular native rice variety in Phatthalung province. However, its low
productivity is due to soil quality. Farmers often use chemical fertilizers to increase productivity, which can
negatively affect soil quality and leave chemical residues. This research aimed to isolate and evaluate the
plant erowth-promoting ability of bacteria isolated from the rhizosphere soil of Sangyod rice. The result
showed that 18 isolated bacteria had the ability to produce indole acetic acid (IAA) at 5.04+0.26 - 89.58+
0.26 pg/ml. The 11 isolates, which produce IAA more than 50 pg/ml were selected for screening of nitrogen
fixation activities. It was found that 4 isolates which were SS10, SS19, SS36 and SS41 showed nitrogen fixing
ability. These isolates were later evaluated for their phosphate solubilizing activities on Pikovskaya’s (PVK)
agar and growth inhibition of Alternaria sp. The result showed all 4 isolates were able to solubilize phosphate
on PVK, with the highest phosphate solubilization index of 2.46 was obtained from SS10. While the ability to
inhibit the erowth of Alternaria sp. was observed in SS10 and SS36 with a percentage inhibition of 33.63 and
36.60%, respectively. Finally, SS10, SS36 and SS41 were selected for evaluation in their stimulation of
Sangyod rice seed germination. The results showed that all selected bacteria did not significantly affect seed
germination percentage compared to the control, while strain 5536 exhibited the highest significant ability to
promote root growth, with a root length of 13.21+1.34 mm. This study found that isolated bacteria have

potential for promoting plant growth and could be developed into a bio-fertilizer for enhancing rice growth.

Keywords: plant srowth promoting bacteria, soil, rhizosphere, Sangyod rice
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Table 1 Physical and chemical properties of soil from organic Sang Yod rice field

Total Organic Organic  Available  Potassium pH Electrical Clay Silt Sand
Nitrogen matter carbon phosphorus conductivity
(%) (%) (%) (mg/kg) (mg/kg) (uS/cm) (%) (%) (%)
0.10 1.84 1.07 10.41 18.26 5.00 24.04 39.66 3332 27.03
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Figure 1 Salkowski’s reagent test of bacteria isolated from rhizosphere of Sangyod rice

Table 2 The amount of IAA that the eleven selected bacteria produced

Isolates SS1 SS2 SS10 SS18 SS19 SS21
IAA 57.00+0.78 68.17+1.00 59.19+0.94 50.19+0.94 72.76+0.45 67.21+0.52
(pug/ml)
Isolates S522 SS26 SS36 SS41 SS45
IAA 74.55+0.39 53.16+0.04 89.58+0.26 62.70+0.26 56.12+1.13
(pg/ml)
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Figure 2 Nitrogen fixation test of selected bacteria; positive test (A) and control: NFM medium (B)
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Figure 3 Phosphate solubilizing test of SS10 on Pikovskaya’s agar
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Figure 4 The efficiency of selected bacteria SS10 and SS36 to inhibiting Alternaria sp.
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Table 3 Seed germination percentage and root length of Sangyod rice treated with filtrate culture

of bacteria
Isolates Seed germination (%) Everage root length (mm)*
Control 91.66+10.41 11.09+1.31 @
SS10 91.66+5.77 11.33+1.44°
SS36 93.33+5.77 13.21+1.34°
SS41 91.66+5.77 11.94+1.09 ®

* Data with different letters within the same column are significantly different (p<0.05).
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Figure 5 Seed germination of Sangyod rice: immersion in distilled water (A), filtrate culture of SS10 (B),
filtrate culture of SS36 (C) and filtrate culture of SS41 (D)
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Abstract

Bio-innovative production of soil amendment from spent oyster mushroom substrates co-
fermented with agricultural organic waste using endophytic bacteria as inoculants helped to shorten
the time it takes for soil amendments to occur and to produce an effective soil amendment formula.
Bio-innovative production of soil amendment materials from spent oyster mushroom substrates
co-fermented with agricultural organic waste, using two endophytic nitrogen-fixing bacterial strains:
Pseudoxanthomonas spadix MJUP08 and Novosphingobium sp. MJUP r9. Five levels of spent oyster
mushroom substrates (50, 60, 70, 80, and 90%) were tested over a fermentation period of 35 days.
The optimal formulation contained 80% spent mushroom substrate, 6% coffee husks, 6% corn fodder
dust, 7% cow manure and 7% molasses diluted with water at a 1:20 ratio, totaling 10 liters with 60%
moisture content. A 10% inoculum of both bacterial strains was applied. This formula resulted in the
chemical of the soil amendment, with nitrogen (N,), phosphorus (P,0s), and potassium (K,O) contents

of 0.34, 0.15, and 0.84%, respectively.

Keywords: bio-innovative, soil amendments, spent oyster mushroom, endophytic bacteria

fodder corn dust
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Table 1 Mixing ratios of different formulas of organic fertilizers used to study soil amendment

formulations from leftover oyster mushroom lumps

Formula Oyster Coffee Corn Cow Novosphingobium Pseudoxanthomonas Molasses

mushroom  shell  dust dung sp. MUUP_r9 spadix MJUPO8
(kg) (kg) (kg) (kg) (mU) (ml) (kg)
1 0.5 0.16 0.16 0.18 100 100 1
2 0.6 0.13 0.13 0.14 100 100 1
3 0.7 0.10 0.10  0.10 100 100 1
4 0.8 0.06 0.06  0.07 100 100 1
5 0.9 0.03 0.03  0.04 100 100 1

Adapted from Thongpradistha et al. (2023)

NAN133Y NnMsAnwIUiInas g vnsieglufeu

diaunrsilundedisdouiunfnuinisuintag

NAN1TANEANUANIBATIATNINIEATNYBI DU Usuugsiu nuindviinalulasauismn wiafy
Wiaunsiluudedie Souay 0.39

Table 2 Chemical properties and physical properties of organic raw materials.

Chemical properties Organic matter
and Mushroom  Coffee Cow Corn

Physical properties spawn shell dung dust
1) Organic matter content (OM) 54.73% 61.54% 39.81% 87.00%
2) Organic carbon content (OC) 31.74% 35.70% 23.09% 50.46%
3) Carbon to nitrogen ratio (C/N ratio) 81 36 15 51
4) Total nitrogen content 0.39% 1.00% 1.49% 0.98%
5) Total phosphorus (as P,Os) 0.16% 0.15% 0.34% 0.14%
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Table 2 Continued

Chemical properties

Organic matter

and Mushroom  Coffee Cow Corn

Physical properties spawn shell dung dust

6) Total potassium content (as K,O) 1.06% 0.90% 0.75% 0.34%
7) pH (soit:water = 1:1) 8 8 8 6

8) Electrical conductivity (EC) (Soil:water = 1:5) 1.27 0.08 1.58 0.72

9) Moisture content 50% 60% 60% 70%
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Figure 1
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Temperature changes (A), pH Changes (B) and moisture changes (C) during

the fermentation of bio-fertilizer from oyster mushroom residues of different

formulas for a period of 35 days
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Figure 2 Changes in the color of soil amendment from oyster mushroom residues in different

formulas for a period of 35 days
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Table 3 Color values in soil amendment from cultivated oyster mushroom spawns in various

formulations (mushroom loaf : various ingredients) after 35 days of fermentation

Organic fertilizer formula Color

L* a* b*
Start fermentation 20.24°+0.13 6.24°+0.08 1.95%+0.41
Formula 1 (50:50) 20.54°+0.33 4.119+0.01 2.4140.03
Formula 2 (60:40) 21.50°+0.32 1.3540.29 2.78°+0.40
Formula 3 (70:30) 19.66°+0.10 1.23°+0.11 2.66°+0.34
Formula 4 (80:20) 19.867+0.10 1.26°+0.02 2.46°+0.26
Formula 5 (90:10) 21.56°+0.22 0.912+0.24 2.21°+0.27

F-test * * *

Mean=SD from 4 replicates of the experiment was significant differences at p<0.05.
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Figure 3 Color of soil amendment from old oyster mushroom fermented with coffee husks
and forage corn dust using nitrogen-fixing microorganisms as starter to produce different

formulations after 35 days of fermentation

110



Journal of Agri. Research & Extension 42(3): 103-116

Table 4 Total nitrogen content in soil amendment from cultivated oyster mushroom spawns in different

formulas (mushroom loaf : various ingredients) after fermentation for a period of 35 days

Organic fertilizer formula

Total nitrogen content (%)

0 Day After fermentation 35 day
Formula 1 (50:50) 0.36°+0.12 0.37°+0.14
Formula 2 (60:40) 0.33°+0.77 0.39°+0.89
Formula 3 (70:30) 0.36°+0.51 0.41%+0.05
Formula 4 (80:20) 0.34°+0.37 0.349+0.38
Formula 5 (90:10) 0.279+0.13 0.27°+0.19

F-test

Mean=SD from 4 replicates of the experiment was significant differences at p<0.05.

Uinalulnsuiemaluiaguivssduanteude
Lﬁmmeﬁﬂmﬁaﬁqqmmq 9 ®AINITALN
mnmslengidiinailulanauiommeluta
U%’UﬂgﬂﬁumﬂﬁamﬁaLﬁmmaﬁ’ummﬁa'ﬁa U 5
gnsfinsinludamarafndaadnduszeziian 35 Ju
wuifanusuusRuinnnnfeuidortauneihudotis
vegastvimalulasaufiniu nedodunis
a3t 3 fusinallulasauiamaniigauiiuosas
0.41 anuumna U9t Agynsena (p<0.05)
lowFeuiisutiuianguiulgsiugnsdu 9 fauandu
Table 4 dafimslifoufiauaiumdedusnniigs
dawaliivsunadulasauas wansilufewiauni
wiofsdiUsinalusiunandeny wagnsiifiuiaina
lulnsiuiigatundsanniviin dealifluanavos

WsAudaualuanaianas wWasuainlusiudu

nnewiily vlifivausagaduldswazidunadse

NI UlnVDINY

Gunamoavedanaualuiledunid anfoudaiin
wiludetisgasing 4 udsnsudn
MnNsiegRUiiaoanedaroiun
Tufaguivussauanieudediausimdotisiiuo
5 g3 fninludsmanaindeadnduszeza 35 Ju
WUN gmﬁa@ﬂ%’uﬂq&ﬁuﬁ'Mﬁﬂﬁmﬁaul,%yal,ﬁmmﬂﬁﬂ

o & A a o - X
winenangnsiuTunaueanesauansiiuiu lag

a

JeBunidansn 2 TUunavleaneianwununiian

WNAUSeEay 0.20 LAzl AmNULANARE 1Nl TaER Y

17

A (p<0.05) WeawSeueuiuianusuugehugns

LY

3u 9 fauandly Table 5

111



P5ANTIVYLATANASUIVINTNEAT 42(3): 103-116

Table 5 Total phosphorus content in soil amendment from cultivated oyster mushroom spawns

in different formulas (mushroom loaf : various ingredients) after 35 days of fermentation

Organic fertilizer formula

Total Phosphorus content (as P,0s) (%)

0 Day After fermentation 35 day
Formula 1 (50:50) 0.14°+0.45 0.12°+£0.41
Formula 2 (60:40) 0.119+0.77 0.20°+0.72
Formula 3 (70:30) 0.18°+0.15 0.15°+0.10
Formula 4 (80:20) 0.12°40.44 0.15°+0.40
Formula 5 (90:10) 0.08°+0.56 0.07°£0.72

F-test

*

*

Mean=SD from 4 replicates of the experiment was significant differences at p<0.05.
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Table 6 Total potassium content in soil amendment from cultivated oyster mushroom spawns in different

formulas (mushroom loaf : various ingredients) after 35 days of fermentation

Organic fertilizer formula

Total

potassium content (as K,0) (%)

0 Day After fermentation 35 day
Formula 1 (50:50) 0.75°+0.43 0.78°+0.13
Formula 2 (60:40) 0.96°+0.45 0.79°+0.91
Formula 3 (70:30) 1.01°+0.78 0.82°+0.54
Formula 4 (80:20) 1.13%+0.11 0.84°+0.82
Formula 5 (90:10) 0.84°+0.76 0.729+0.74

F-test

*

*

Mean+SD from 4 replicates of the experiment was significant differences at p<0.05.

112



Journal of Agri. Research & Extension 42(3): 103-116

32150iNAaN1598

MAMsAnuEInusmevnsitieglufeuie
wsivdedia Wionnu ya¥a wardudnilneens
dnd nowdufnwinisnindanUsuugaRunuidn
fusialulnsauiameyiriuiesas 039, 1.00, 1.49,
0.98 AUSFU USunauloanearavae (lusu POy
Wwinduieeay 0.16, 0.15, 0.34, 0.14 A1UE1AU WAy
Uinalnua@ouisnua (ugu KO) winfufesay
1.06, 0.90, 0.75, 0.34 MU UagilautAiniuaiiuae
audBvnenIenImey  denrdediu Thongpradistha
et al. (2023)

NNMsAnwIMsUAsLLUAIguMY TsEmIng

Y
v

maniinledunidnntoudefiaueiinmietisiuu
5 g3 Andnludmanainteadvnduszozna 35 Ju
wuigamgfiGuduilevinnmsnintanuiuussieg
Tutine 23-30°y wazdimswasuulasgundlunismsin
Wdueadniioslurasmaviintuil 14 eglugag 29-
309 wazanasdlelndduganisiin negamniile
Auganiandindlszesioan 35 u oglugag 25-28%
wazInMveaeanliliiuIseiua g danatligs
10 wazmsfigamaiifimsiwasuuvasenafinainnis
WasuuasaamzveanmsvsinuaziAnainnisaneleu
aueu wazgungdlifinadonisdudwiesras
nsvUILM VTGS Siva et al. (2017) navin Tneviald
dun3dnTylanlugvgumngil 25-35% aennass
U Thongpradistha et al. (2023) 518471431 $¥NI
wifngedurienndeudadiousiwdofisgangd
Fustudlovimsusint sduvidazeeluting 29.66-31.96%%
wagfinsdsunlasgugilunimdndstudion
dnteglutanansuesnisuin uazanasdelndduan
msvidneglugg 27.70-28.36%%
mMawAsuwasmudunsa-anssgminmin
fanusulsshuanfeudeodarinsimdonssuu

5 g3 MudnludmanafnUeainussezia 35 Tu

nud Mevsuiudevimsviinianuiuuiuedlugas
7-8 uardin1siasuulasievlunisndnimudu
2 v | v v oA _ = v A i 1

dnteslugramsndndui 7 Aeiuit 35 agfluye 8-9

unumvesmslunsa-ansiidiud Ay uazdinangns

=

wndensnsRs R ulalas Jeazeglugae 6-10
#nAA 03 UN1SANE1UBY Thongpradistha et al. (2023)
Ui MMsAnvINMaUAsuwasiovszwitemtn
{Jedunisanieuideinunsiidens wuiifiey
Gusudlevinnsminieduvidazetlutis 8.57-8.75
uaefinaudsuuasiiorluniindsduioudnton
Tugsmswiiniuil 7 5&53azéuqmmwﬁﬂﬁiwmm
49 Fu agluyn 8.94-9.21
miLUﬁEJuLLanmm%usszwaﬁﬂi’a@
Uulgshunnfoudediunsiiudundodts $1um 5
gns Andnludananafndaadn Wuszeznan 35 Ju
nuirlugraduduidranutufesay 60 uariing
Wasuudasanududndeslusswinsnismin uas
TugrsnsuiinTuil 7 Seszesduganiavdniud 35
fiAneutueglutdenay 60-70
mnmyinanalutaguiussRunnieudaria
unefmdetisiiuu 5 gas fviinludmanafnUnadi
Duszoziam 35 Yu wuin a1 L vesteBuvdin 5 gas
Tnsgnsianusulssiuiifidaduestoudoitnudons
TuuSsnanies (gasi 1) fird L* dow dvesTanusulss
fuflafidnuneimady weudledudnduvestoude
innaldoneildfisty (g7 2-5) TAnd L* s
uardvesianuiuugaRuildiidnumsimagoua
MUAIFU deAARBITU Meena et al (2016) Nd1771
Jovsiniivinauaysaiudmedddutuduiimady
edn1 warn1SANYITDY Thongpradistha et al. (2023)
9 Ad L eow FvesuduvFdnlifidnvay
Auinnady ussidefiudnduvestoudoifiaunsii
wiofafisdu aliand L diuty uardveseduvie

Plaldnwardtnnasauat suasu

113



P5ANTIVYLATANASUIVINTNEAT 42(3): 103-116

INNITIATILNUTUINEINDIMNTAN 9 T
Usinalulnsauiomn Usinameaneaiome way
USinalnunadossion Mé’q?:uqmmwﬂﬂ%l,ﬁudﬂ
fnsfiutumudadiuvesdiunauFonnium yat
Autnlnaomnsdad wisduaanisudn lnewuinTan
Usulgaugnsd 3 fiusinalulesiausnniian fovas
041 yndosnsianuivusaAuiidesdusznauves
Tulnsiausnnadsidenianuiudsaaugnsi 3 win
HoansianUiuUssiuidUiuueanofaunaas
BFenldYanuiuusiugnsd 2 Wesannilusuna
Woanadaunfigniosar 020 Lazwindednisian
UuugsRuiiumademsnniianmsidentdiogasi 4
Wosniviunalnuna@oniosas 084 wazan
Usuugsugnsil 4 fvsinasmemsang o luFunm
fitlor wagl¥foudaiinunsiinluuiina fevay 80
lowSeuiiuiuianuiuussiugnsil 2 uazgmsi 3
susfldunangenudonnium yata dudvineewns
forivdoend

mmmmsmaﬂfgamﬂaju wood rot-fungi
anunsandmeulusiivagiaadisest desandeuldia
waefudusinomseng q Afgi Ul Elnense
49AAA 09N UNIIANEIUDY Thongpradistha et al
(2023) gostlBuvdantoudedfinneiindondid
sWeINsNTigavasnsuin uasgasiildieuioiie
widoisUTinaanniign fe gestedunidnndouie
Waunsiiumdedisgasil 2 Gefismenms N, P uay K
WINAU Seuay 2.28, 2.63 way 3.82 MUa1AU kayly
foudemunsiiwdefisfesay 60 mndinsldenen
yadr Ineamzyaliviunngs q dealiiansuien
98510) M’%aﬁmm%m (micronutrient or trace elements)
Wy wian (Fe) wuaniila (Mn) luseu (B) luduAily
(Mo) noauas (Cu) d9ned (Zn) wavaasiu (C)
vennimniiviinaudeudafiamdonann sl
ANNAANIYNTIINGY wood rot-fungl AMNIONAR

¢ A A 1% & a &
Lau‘lsﬂﬂwjaqLaa‘V]EJaﬁlsﬂLaaﬁ]f\nﬂﬂaumﬂﬂWiaamﬂlfdua’]@l

2115814 9 Al G Tnensa (Onnby et al,
2015; Rajoka and Malik, 1997; Tejada et al,, 2016) 1]
mns'TTu FamsAnwwes Thongpradistha et al. (2023) ﬂf’u
Gunsniinedunisanidedunidfdesaais
SuvBeTngle W nqugAuvEdfTusransamdlity
msfnassiluedned dusslevidenu Wy dad wag
Fauandou (Effective Microorganisms, EM) M%aﬁill,% o)
NAY WAL AN 9 NNTIAVINTNYAT wAmsAnwedl

TipauvsdnsulunmsminduiuefiSengueulaliin

'
=

wuAfliSe Bemuliouvesteduniduasdedinin
Y83n513VINNYATIzlil deuveaqdunsdngu

wulaliinviegdunidnqueslulasaulusiude us

q

[

Tilglenadn “Januiulsein” wuheadulsly

wupfiFefiduasduasunsasydulnvesiiv (Plant
Growth Promoting Rhizobacteria: PGPR)

#3UNan153Y

[ a

FIuTANTTUNITHANTANUTUUTIAUIN
foudofnunsiinnimindutumgAuuridmaetis
nansnuaslagldiulali@nuuaiise 2 arewug
A ® Pseudoxanthomonas spadix MJUPOS I & ¢
Novosphingobium sp. MJUP081 Fuidslunsudn
ioansuyuynemsinens aunsadfisyaarliiutiden
fwdefiannmamigiie waranUiinamezantan
wiefenamanessiasit YanumieTiemanmsinuas
Tiuselomilununsdunidlumaiianiinusinems
N, P,Os 1@z K,O Iui’aaﬂ%’uﬂqaﬁuimaiﬁﬂ%mmﬁaw,%a
Winwdeidoras 80 winfudesas 0.34, 0.15 uay 0.84
RHGRIM

AnRNSSUUSZAA

VDUBUAMLATING “NISHARUeTINMANADU

]

@ ' L [ | ¥
WinusinuslnsawAunnnuaz utn lnae s

q

114



Journal of Agri. Research & Extension 42(3): 103-116

doilagldqaunidasdlulaswuduiigelunisudn”
Aeldnisfunuatuayuuyagiy (Fundamental
Fund) UsednUsudssanas 2566 Meldusuaudnenin

kAR vATEENINaEAYINEAAIING LTI
4 a
LaNE1591489

Daramola, D.S., A.S. Adeyeye and D. Lawal.
2006. Effect of Application of Organic
and Inorganic Nitrogen Fertilizer on the
Growth and Dry Matter Yield of
Amaranthus. pp.56-65. In Proceedings
of the 2nd National Conference on
Organic Agriculture 27th November-
1st December 2006. Ibadan:
University of Ibadan.

Meena, M.D,, PK. Joshi, H.S. Jat, AR. Chinchmalatpure,
B. Narjary, P. Sheoran and D.K. Sharma.
2016. Changes in Biological and
Chemical Properties of Saline Soil
Amended with Municipal Solid
Waste Compost and Chemical
Fertilizers in a Mustard-Pearl Millet
Cropping System. Karnal: CATENA
Press. 140 p.

Nottidge, D.O., S. Ojeniyi and D. Asawalam.
2005. Comparative effect of plant
residues and NPK fertilizer on nutrient
status and yield of maize (Zea mays L.)
in humid Ultisol. Nigerian Journal of
Soil Science 15: 1-8.

Oluchukwu, A.C., A.G. Nebechukwu and
S.O. Egbuna. 2018. Enrichment of
nutritional contents of sawdust by
composting with other nitrogen rich
agro-wastes for bio-fertilizer synthesis.
Journal of Chemical Technology and
Metallurgy 53(3): 430-436.

Onnby, L., K. Harald and I.A. ges. 2015. Cryogel-
supported titanate nanotubes for
waste treatment: impact on methane
production and bio-fertilizer quality.
Journal of Biotechnology 207: 58-66.

Rajoka, M.I. and KA. Malik. 1997. Cellulase
production by Cellulomonas biazotea
cultured in media containing different
cellulosic substrates. Bioresource
Technology 59(1): 21-27.

Shaviv, A. 2005. Controlled Release Fertilizers.
pp. 28-39. In IFA International
Workshop on Enhanced-Efficiency
Fertilizers. Frankfurt: International
Fertilizer Association (IFA).

Silva, V.N., L.E.S.F. Silva, A.J.N. Silva,

N.P. Stamford and G.R. Macedo. 2017.
Solubility curve of rock powder
inoculated with microorganisms in the
production of biofertilizers.
Agriculture and Natural Resources
51: 142-147.

Subba, RIN.S. 1993. Biofertilizer in Agriculture
and Forestry. 3“ed. New York:

International Science Publisher. 242 p.

115



P5ANTIVYLATANASUIVINTNEAT 42(3): 103-116

Taiwan Fertilizer Company. 1994. Field Tests
of Application of Organic Compound
Fertilizer. 10 p. /n Research Report.
China: Taiwan Fertilizer Company.

Tejada, M., B. Rodriguez-Morgado, |. Gbmez
L. Franco-Andreu, C. Benitez and
J. Parrado. 2016. Use of biofertilizers
obtained from sewage sludges on
maize yield. European Journal of

Agronomy 78: 13-19.

Thongpradistha, S., T. Muadsri and A. Sukkaew.
2023. The effect of organic fertilizer
formula from Sajor-caju mushroom
(Pleurotus sajor-caju) waste on
macronutrients. Rajamangala
University of Technology Srivijaya
Research Journal 12(1): 61-71.

Yang, S.S., H.L. Chan, C.B. Wei and H.C Lin. 1991.
Reduce wastes production with
modified Kjeldahl method for nitrogen
measurement. Biomass and

Bioenergy Journal 10: 147-155.

116



Journal of Agri. Research & Extension 42(3): 117-128

v v 24 44 a o < }7%4 % g a ¢ a Q‘ U4
mswmmqgﬂﬂawuamuﬁimwmLiﬁ]gﬂmammaqaum EJ‘UiE!VIﬁLL‘UULLW\‘i
Development of Ready-made Mor Hom Natural Dyes

Using Pure Microbial Inoculum Powder

algns Jumsane” nsal Wuensud an8n §983 wazdyyAny yyUszaau

v v 9 Y
Nuttaporn Chanchay’, Korn Yenarom, Luksiga Sungsiri and Ansaya Boonpajaub
a1 3INALlLlAETINIMYNQAATNTINEAT WM INeFoWT-UNS WwaNnszAesH uns 54140
Agro-Industrial Biotechnology, Maejo University Phrae Campus, Maejo University, Phrae, Thailand 54140

*Corresponding author: nuttapornchanchay@gmail.com

Received: September 23, 2023

Abstract Revised: December 19, 2024

Accepted: January 15, 2025

In this work a commercial ready-made Mor Hom natural dyes was developed using pure dried
materials obtained from natural dyeing water, Hom powder from indigo paste, acid powder from
tamarind and lye powder from various wood ashes. It was found that a bacterial strain of Bacillus
cereus isolated from natural dyeing factories in the area of Phrae province provided the best color
quality. Meanwhile, Hom powder and acid powder should be dried at 60 °C for 72 and 10 hrs,
respectively. In addition, lye powder from wood ash lye, which can improve fabric dyeing efficiency
(136.42) and deep blue quality (L* 0.26, a* -0.07 and b* 0.67). Furthermore, it could reduce dyeing
fermentation time without polluting the environment. Moreover, the fabric product obtained showed

good natural color.

Keywords: biocinnovation, Assam indigo, indigo paste, leuco indigo, Mor Hom natural dyes
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audlndugemnefiuandne Snsliminensesneduei
fiyadwiiy a¥as1eld dnsthdwinnssunld uas
Wouleanagshadu « W ssivieudien ganalsus
wazgsisomsuazdnninng Wudu ludmiauns

a o ¢y v o a & a Y a ao
Na@ﬂEUGV]NqﬂamﬁﬁiﬁmsﬂqmLﬂuaﬂﬂ@wqmaﬂﬂu NAN

ada

ndnualluguiuuuarddu Jeideudsssumaditen
fusnrlusaavislutssmauagsnaUssna A n1sdon
A9nasiuuazien iFend1 BuAln (indigo) auilen
na11 “lasundleaunsdostensievion” (Chanchay,
2021) feiu FafluuAnnisiauigedeundoron
sysuRdISagUTy Wowaumadeuniovoussnmd
di3aguiifidaunszneu fo siudogauniduuuuis
WOUNY KINTA WATKNAN LilaazmNdonshoviaves
endlalunsdesrimilovienaninsaviladiesiesiies
NSANYINTAALENLALNITAAGBNUUATISY
fislenwensnsalumswsuddualnugluduaalrdudln
Feffaduiiauledmiuniniluysegndalilunig
gnamNTIl (Chanchay, 2021) uananniluindeurian
wuUssInTAiideqdunidiietestunszuiunis
Wasudsualnuglufuailadudln Tnednilngdy
wuaiselungu Bacillus sp. 1518947117 Clostricium
isatidlis anansawdsuddualnugluidudladudlaly
VINMshlUTUAveYNIAYeIduAlnUgua N SR

liduaalndudln (Compton et al, 2005; Li et al,
2015) e Sukka et al. (2019) wu77 Bacillus kochii
SKTU 5 anansau/deuguusunududuneniauay
nglaa uasadunsddnaraamnslunamthiaude
amsuszendldlunsruaun)sdoudiouuuUsTsiYIf
naunumslgmsndlueuing F9e19v1ganszesiaa
ve9mssminIdon arndaelinsruIun el
ey ansonIUANANN TNYBSFE BT 919t ey
Ussamsnmuazaaunmyesvslevouls
ussmagu wudmsm3endlumsdonsh
AT Inendrlumsau (Polysonum tinctorium Lour,) 347
AalFudaluiisy udad s lsdenielfmy
FmTuUAzer0ondintuvesuuniiSeiidoints
ponTiaulun15193g (Aerobic microbial oxidation)
smsumsuandsualalaenisvinluanisidunege
(oH>10) Foluan g uid5uilnasgnivdeudu
Falndualn Famunsadusutalulugild Tag Yumoto
et al. (2009 liAmueniFogdumsdammlionsmitusian
imzaeninla Ussnadlu wusrilkumiiGemeniugin
7o Alkalibacterium psychrotolerans sp. nov.
WuwvaiiGeunsuyan susaduunis wiglanluid
oImAauazlidonia (facultative anaerobe) a151756
w3y laluarmsidanutudureundoge (NaCl 0-
17% wA) anantunsn-n1e (pH) 9-12 daawaisnse
luni55d9aoualnliiualedudlnle Aino et al
(2010) uenuazAnyImMARNTAYERAUNSI a5
SpaddnTnoinudedounsiuluysymad Ju
WUIA YT UNITANYIY89 O-Thone and Buakhun
(2013) Feuengaunidoinmiiedounsiuilsniniy
Indigofera indica Ing1¥1wada Denaturing Gradlient
Gel Electro-phoresis (DGGE) WU auN3&naIevin
lawn Bacillus sp., Atopostipes sp, Clostridiales
bacterium, Sporomusa acidovorans, Amphi-
bacillus sp, Alkalibacterium sp., Lactobacillus sp.

ey Actinomycetales sp.
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venaniansmandladualn (leuco indigo) i
Lifdudazanetinld ansldfidazareinlaluiianansa
wsnduluiedwavinzind odldluvazfou
Mendeanmstouasaudaavinnsaaiiornoonld
dudadueeandaulueinia a15dilavzgnaendlad
nduluuathduiiliazanet wavasneduiuiiern
Tneuninisansaslsiviiliann uiilewinasuilnias
Ave 9 Wavulegluguidu Reduced form Tuszaing
nsden fafu nsdeufioandaforenavinladlfin
\ednFeninstounany o ads fedu Uinures
adladudlndadudivavenyse@nsannisind
(Chanchay, 2021) kagn1sANEIAINITUBNUIZENTAN
n1siidn uunsgiu CIELAB L¥, a* way b* e ﬁﬁgﬂ
szyeenunduaduay Taed 3 fuva deil unu L*
Usuendsruaing (lghtness) 3 fndaust 0-100 Tae 0
Ao @1 Way 100 A @7 LU a* UTTEBUNUE 1nd
Wy (-a*) UD9 FUAS (+a*) WNU b* UsTneunud 91nd
11U (b uisdwdes (+b9) snsddayiitmun
wuren15Tadliiluninsgiu A9 Intermational
Commission on lunmination (CE) it sanaruAaALAG o
Tun13n5293nd 1 099 naen Az L an L auas
kaz Chanchay and Boonpajaub (2021) 518474015
gout i eviau nadan L* wmnfu 21.38, a* iU
-3.18 uay b* Wiy -5.93 lagan L* Usuenindudidy
dlefadlng 0 A1 -a* Usuemndudiden wazan -b*
Vevenindudtiniu wasnuuSinadladuiln wihiu
0.08853 lulasang
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Furidnniniendeendoussumiluzuiuuns
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(Geographical Indications: GI) “wanA UL 1T DO

wins” lng@nuwifenunindlag Hunter Lab uay

a
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yn1sfaueniagaunidainnnensouy
91113 PDA Fae3Einde (spread) :1mindevde than
nadeunsasedla faeds agar well UueIMNIAdl
Sufuau Welddefiinunngafianluniansedu
nsvUIunsdendsssunnd Seidedls 0.1 ua. wn
yims@nwinuamnsasudsudln Tneduif
pInsABuTomaIBuAuay 1 va. hluuuitgaumgd
30 °g \Juian 48 Wy, wasiuansavanedusladiey
Ialnlaluv (Sodium dithionite) TuansazatsleLfe
lansonles (Sodium hydroxide) finauidudy 2
ussuea asly 1 ua. udrFahluindganduuas 7
ANENIARY 420 Wiluns wavSeudisutiunsiu
UINTFIU
deldwdordunidfiiszansainlunis

[

wWasududlndudaladudln vinisseyaneius
Tngnmsmainuilanalelnnves 165 rRNA mgwmala
o B7Anen dhdeuninliuiis tnevhmaifuing
Wolunsza1unseswuin 2x2 wu. lngldsadely
9115 YT0U311R5 1 1A, NUAAINTEAIENTOY
firirunissindends wvilveufigungdl 30-35%
Hunan 48 wu. mntuilddenss Tnenisnagey
auunnnslidnarnisind Wisuifsuduyaiilad
¥de

NSANEILATWAIUNADUNS
Uvenlenainvienlulung (Strobilanthes
cusia) (Chanchay, 2021) 41%1A15ANBIAIINTY

a v v P Y ! v = VY
BuUAUYIaNLllen IWUWQWQQUWQWQNLﬂUﬂIaﬂQH
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a a a v ) Y o a a
pzgliileufioundn 70 n¥u uarunlvauigungd
105+5 o Wutian 4-5 v, Faiudnnaulasndsau
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LY

uazdaluen 3 n¥u My fuszuredvosinonde
goudn asuunsEABILNIlgUEYIAMAINNTEANY
3un 80 wnsy Uil 20x209 ms.au. Aeital3lvuske
ihnseanuildluinaunmdlag Saandrauaing
L* a* way b* lneldia3es Hunter Lab
ASANYIUIEANTAINNITANELABATS
WAsgUIunudiladunlnaiedtniaail n1sin
USunauddudlndnendesalalalnladines de3s
ethyl acetate method 11A188194U1M5I9TLATITH
mUsnadlasunlnfiadaa AATIENNAYANGY
waafinaueandy 420 uluans nethdegamse
ihrevsfeannsonusasdluanegas 1 va. uas
Wuansazanedudiledeulalnleluiluaisazane
Toeulansenlesiinnududu 2 uasuea adlu 1
ua. 1iesmgasualnlyidudaladudln annduds
ﬂﬂmLU‘%a‘ULﬁfﬁuﬁ’Uﬂiﬂﬂ/\lmmﬁgmLﬁamﬂ‘%mmmm

WUYUVBIALABUALN

NAN15ILLAZ AT

KanIsANYLATAUT e AuvEE

Foqaunidiia 17 loleian léud TC213,
TC224,TC225, TC228, TC233, TC234, TC236,
TC241, TC242, HH314, HH321, HH341, HH342,
HH344, PLA12, PG537 way PG544 fiflmanuananga
Tunswasuddualnluidudledunlnlddu anns
a$alauuemnsdiende (Table 1) gminmadey
mUSnansaiedalasuilnanmsidssdeluems
fiflnsfududuay nuindeydurieidanuaninge
Tunswasuddudlnldifudaladudlnundian Ao
TC228 5998317 Av TC236 wag TC213 AAvinAu
9.5688, 6.2740 Wag 5.7343 lulasnsu/ua. muaiau
(Table 1)

Table 1 Concentration in the production of leuco indigo related to the natural dyeing process

Isolate Ratio Leuco-indigo contents (ug/mL)
TC213 2.067 5.7343°+0.2183
TC224 2.750 4.9068%+0.1124
TC225 2.100 5.4196%+0.1850
TC228 2.000 9.56887+0.3249
TC233 2.909 3.8228+0.1577
TC234 1.800 5.19819+0.1324
TC236 1.655 6.2704°+0.2275
TC241 1.875 5.2797%+0.2098
TC242 2917 3.5664+0.1398
HH314 1.440 5.2564%+0.1068
HH321 1.682 4.4755"+0.1049
HH341 1.475 3.3100'+0.2826
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Table 1 (Continued)

Isolate Ratio Leuco-indigo contents (ug/mL)
HH342 2.110 4.9883°+0.0534

HH344 1.615 4.1725'+0.0202

PLA12 2.000 5.1282%+0.0880

PG537 2.368 4.6737%"+0.1413

PG544 3.167 4.7436%+0.1068

F-test *

Mean=SD from 4 replicates of the experiment; * mean was significant differences at p<0.05.

1%
o IS)

unielelgany TC228 luvinsssyanenug

asaa

WodunIgndaiuaiuise

[

]

Tuniswaguddudin

Tuidudqladudlnlaenisuiaisuiinalalndves
16S rDNA 31nA15 0S8 UL g URIAULU AV DI Y
16S rRNA voaaqdunsidlalaaniufsuddualn

Tuidudledudlnléffian Ae TC228 Fuduloloian

finvannihndnlundefinevesiuinsssud (T0)
fudifuiuavesdiu 165 rANA Aifleglugiudeyaiisl
Anumilounniign wuitleluian TC228 fan
Wileunu Bacillus cereus NR 113266 i Length
1535 bp. Jadien identity Wiy 99% (Figure 1)

Bacillus cereus{giNR_1145582)
mrmmmmemmee=e= BACillUS Cerews{guNR_LL12630}
...... Z2B8 cormmig 1

|
------ Bacillus cerews{gnNR_L13266)

-------------------- Bacillus cereuws{gi:NF_L15526&)

Bacillus cereuz{gi:NR_07 4540

Bacillus pseudomycoides{gi AMT4T226)

e e e e eee e BRCHIUS CeFEUS{QUNR_L15714)

Baciliug waedmannn{gi KULBBEZE)

B e e - 1| (PEA [\ T T R A T S Pl S

B Bacillus thuringiensis(gi NR_043403)

Figure 1 Phylogenetic tree of isolate TC228
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Table 2 Dye quality, color fixing efficiency and pH

Sample pH Leuco-indigo (ug/mL) L* a* b*
Control 10.835+0.215 93.680°+0.968 23.453°+0.466 -4.603°+0.693  -6.310°+0.236
(with out bacteria)

Bacteria 10.593+0.299 157.080°+0.842 1.030°+0.513  -0.023°+0.701  0.367°+0.984
F-test ns * * * *

Mean=SD from 4 replicates of the experiment; * mean was significant differences at p<0.05.

ns mean was non-significant differences at p<0.05.

210 Table 2 n1sldWadoifiensefu
nsgUIUNITNendeilinason1sas19dladunln
fiisatosiunszurunstousssueid waziiiesann
Tugamuauitlifinslasideiidnaladuiln wirf
93.680 lulAsndi/ua. Fasnindegrailandonls
Usuruanududulunisadisdaladudln windu
157.080 lulasnsu/ua. lnea1alladunlnazuenis
n1shndvesdnlunszuiunisdoudsssueid Bean
AUl uduvesdlladuAlnuInn1sindnayd
Uszansamunndeiy denndesiunisinyives
Nakajima et al. (2005) 410150915 AARENLT 8
LLUﬂﬁL‘%BaﬁaﬁuﬁﬂWJ fAa Alkalibacterium iburiense
sp. nov. AifAnuaunsalunssadasunlnluidu
alrduilnle lnsuuafiSesanaiidnwusiu
wuafiFounsuuan sUuis dslasdrnlngiify
Bacillus sp. Wag Clostridium isatidlis anunsaLUAey
doudlnluiludladurlnlaarnnisdlududu
aun1Ae9dduRlnudnsdealuidudaladudin
(Compton et al., 2005)

NAN1SANEILATNAILITRUNINIANHNen
INNTANYILATWAIUITOUNS (Table 3)
wudwienssigumndl 600w alaedl 10 iuszeziia
fmurzauiigaluniseuseutiletuinense
farutuSuduegii 77.4165% wasdigunindiiiGu
7lu ifiosaindan L* a* uaz b* wiafu 27.560,
-4.490 wag -7.130 mua1f U tagi Usunauaaladualn
gefian windu 167.74 aonandesfuddninsgiu
CIELAB wag Li et al. (2015) 51897u71 Ingun@lu
ﬁamﬁmsﬁuauﬂue‘z‘iwsgﬂ%ﬁaﬁlﬂl,ﬂuﬁuaiﬂ wazlal
anunsaazareinlg dwalidiedliunndauasduly
Wanusogaduld udausasmdlndudladudln
Faanunsaazaetnly dwaliidnaunndiuazidily

a

faanludulele ey YSunuailadudlnIausuen

= a

mﬂmmwmimﬁ kae Chanchay and Boonpajaub
(2021) fs1891un1sdeunndeviou laadian L*
WiNAU 21.38 a* M1AU -3.18 Lag b* AU -5.93
Tnee L* Yavonindudidu defidndlng o A1 -a*

1 1 < a a 1 1 1 [=3 = so’
YevaniJudillen warAl -b* vsuaniudunsty
warnuUSuaalladuAlawingu 0.08853 lulasans
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Table 3 Dye quality, color fixing efficiency and pH of indigo powder

Time Leuco-indigo L* a* b*
(hr) (ug/mL)

0 93.683+0.102 23.453°+0.051 -4.603+0.056 -6.310°+0.099
1 85.723+0.230 34.060°+0.033 -6.190°+0.352 -6.747°+0.136
2 120.991°+0.09 14.150°+0.002 -3.1879+£0.659 -7.813°+0.025
3 76.678'+0.191 17.700°+0.03 -5.550°+0.598 -6.540°+0.030
4 116.946'+0.328 30.310%+0.010 -6.017%+£0.056 -7.690°+0.156
5 137.762°40.394 23.607°+0.021 -4.830°+0.666 -8.327°+0.078
6 125.862°£0.010 24.697°+0.047 -5.790°+0.289 -5.667+0.956
7 126.4349+0.029 19.583°+0.002 -3.7879+£0.017 -7.227°+0.125
8 125.4899+0.302 8.970°+0.009 -5.597%+£0.069 -9.577°+0.099
9 147.692°+0.877 24.180°+0.051 -4.333+0.047 -8.930°+0.078
10 167.739°+0.398 27.560°+0.062 -4.490°+0.677 -7.130°+0.256
11 111.0617+0.257 27.923°+0.083 -4.360°+0.298 -5.500%+0.688
12 124.289°+0.569 14.707°+0.105 -5.797°+0.364 -9.460°+0.874

F-test * * * *

Mean=SD from 4 replicates of the experiment;

ns mean was non-significant differences at p<0.05.

14 4
ANSANEILATWAIUINIAI9RINUIAI9INTLAN
INNTANYILALWAIUINIAIINNUIA9TIN

e (Table 4) Tna@ny1 pH 13U Wag pH 18y

* mean was significant differences at p<0.05.

ANSNENLIBLyUSeaMNNTaY wazUsEanSAInAIs

Table 4 Dye quality, color fixing efficiency and pH of lye

AMNMEIINTS Hunter Lab lanans Table 4

a = a 'S a a a a aa al
ARALABIASIEVUSHIUANABUA LN IAEITLAL LAy

Sample Initial Final Leuco-indigo L* a* b*
pH pH (ug/mL)
Mixed wood 8.48° 10.59 157.08° 1.03¢ -0.02° 0.37¢
Banana rhizomes 9.84° 11.49 149.54° 14.16° -1.64° -2.15°
Banana stem 10.04° 11.77 142.86° 0.78° 0.45° 0.01°
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Table 4 (Continued)

Sample Initial Final Leuco-indigo L* a* b*
pH pH (ug/ml)

Banana leaves 8.60° 11.09 134.98° 0.60° 0.99" -1.01°
Broken Bones bark 8.94° 10.65 121.00° 0.45° 0.73¢ 0.28°
Tamarind 11.04° 11.16 140.02° 0.51° 0.23° -1.24°
Tamarind leaves 6.15¢ 10.57 107.69° 0.97° 0.39¢ 0.14"
Bamboo scraps 7.70° 10.86 105.87°¢ 1.80¢ 0.41° -3.84°
Coconut husk 9.64° 11.03 142.00° 1.06° -0.99° 0.47¢
Papaya 11.06° 11.00 136.34° 0.80° 0.69¢ -0.75¢
Eucalyptus wood 8.46° 10.77 139.45° 0.30° 0.99" -0.66°

F-test ¥ ns * * * *

Mean+SD from 4 replicates of the experiment; * mean was significant differences at p<0.05.

ns mean was non-significant differences at p<0.05.

910 Table 4 uansAIALTunIA-ANg (pH)
vosldudndne q pH Tutefimunzaudenisnovie
FoaiiA19g581INe 10-13 LARIINLIR19INT LN
fuzausenisiunronse Taua draisintidn
Uzavne FuNzL A1Undls AudRy wazidlerh
nsneuntoRsuiounain1sinal pH wuiial pH
fansfinumanzannunnggiu Seilaegssning
10-12 eglsfmudiovhmsnegeutimmntidals
sundurdnsfiunzaudenisnenseuiniign
WesanainisadiedaladuilniAsadesiu
NITUIUNITIDUSIINYIALAZNISAAG 19U 157.08
lulasniiv/ua. FagefigaidloiUSoudisusuienasin
u 9 wenvntuivendeUssansnmuedd L*, a*
WAz b* WUIAIIn i fanuenause
mifiawﬁaﬁqm Fadur L*, a* uay b* whiu 1.03,
-0.233 uay 0.367 muadu dauansinduddon
Adudidudy esnuunsgiuvesdimdieey
aenndesfuluyszmaddu Anvindelinuig

dmsuuisereendndudiviunisuandduain

Tnsnssinluanisfidusinega fie a1 pH>10 B
Tuanimaiuil ﬁ@uﬁiﬂ%gﬂLUSSUL‘T]H?’JT@@U@IH G
anunsodunud I lugnlE wenanil Yumoto et al
(2004) 51891431 pH 9-12 Gaauarunsalunis
ShdasuRlnlnduaTadunlnly Fadulddanysinm

AleduANUuTNas NS auRN 8 Yol Bena8 e

NANTISANYILAZNAILININTA
NANTANBINITRALIINTA WUTIL
Uz len w#anse 1 pH ag5ening 1-4 mup1Ay
dunsafvuizay waswansaduinuaudd
fmunzanlunadudrunanluyadeunsevion
dufagy lesannawnsaviliiAndrladudlnle
d0AARBAUTIBAUVRL Nicholson and John (2005)
meeuihnsenioiduiauautiduansiig
981980U Feansdinanvzaey o Waswduddudln
flaglugtansoondlad (liagare) Faduarsnan
s uAlnannsounsndaludotuannmeRaidednled

Tuvauzdon Ineuninisansazlidvinlidnn (Table 5)
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Table 5 Dye quality, color fixing efficiency and pH of acid powder

Sample Initial Final Leuco-indigo L* a* b*
pH pH (ug/mL)
Tamarind juice 3.04+0.16  10.67+0.06 121.59°+0.92 4.01°+0.14 0.95°+0.09  0.48+0.01
Acid powder 3.16+0.11  10.88+0.02 138.03%+0.87 4.48°+0.02  0.13°+0.00  0.51+0.00
F-test ns ns * * * ns
Mean+SD from 4 replicates of the experiment; * mean was significant differences at p<0.05.
ns mean was non-significant differences at p<0.05.
Table 6 Dye quality, color fixing efficiency and pH
Sample pH Leuco-indigo L* a* b*
(ug/mL)
Set kit 10.61+0.19  136.42°+0.41  0.26°+0.01  -0.07°+0.02  0.67°+0.00
Indigo paste form indigo 10.59+0.22 157.08°+0.83 1.03°£0.01 -0.02°+£0.01 -0.37°+0.02
Indigo paste form Hom 10.73+0.20  142.32°+0.09 0.80°+0.02 -0.69°+0.00 -0.75°+0.02
F-test ns * * * *

Mean=SD from 4 replicates of the experiment; * mean was significant differences at p<0.05.

ns mean was non-significant differences at p<0.05.
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Effects of Seasons on Water Quality and Chlorophyll a Content

at Lamae Coast, Lamae District, Chumphon Province
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The objective of this research was to study the effects of season on water qualities and
chlorophyll content at Lamae coast, Lamae District, Chumphon province. The parameters of water
quality included water temperature, air temperature, dissolve oxygen (DO), pH, transparency, salinity
and chlorophyll a content. Data were collected monthly between January and December 2021 from
three stations: Paknam Lamae beach coast (LM), the coast in front of Maejo University at Chumphon
(MP) and Nong Bua Fish Bridge (NB). The results showed that seasons had a statistically significant
(P<0.05) effect on transparency and the amount of chlorophyll a, but the season had no statistically
significant (P>0.05) effect on water and air temperature, dissolved oxygen, pH, and salinity. These results
provide beneficial information for planning coastal aquaculture farm and can be applied for water

quality management for shrimp, polychaete, and blue swimming crab cultures.

Keywords: climate change, season, water quality, coast, Lamae district
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Survey Sampling area Coordinates according to
points the UTM system
North degree East degree
1 Paknam Lamae beach coast (LM) 9°47'35.5"'N 99°08'25.5"E
2 Coast in front of Maejo University at Chumphon (MP) 9°46'48.5"'N 99°08'32.9"E
3 Nong Bua Fish Bridge (NB) 9°44'38.3"N 99°08'50.1"E
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Figure 1 Three surveys and water sampling points at Lamae coast, Lamae district, Chumphon province
Paknam Lamae beach coast (LM); coast in front of Magjo University at Chumphon (MP); Nong Bua

Fish Bridge (NB) Adapted from: Google Maps (2023)
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Table 2 Water quality (mean + standard deviation, N=9) along the Lamae coast, Lamae district,

Chumphon province, for a period of 1 year (between January to December 2021)

Month Water Air DO pH Salinity Chlorophyll a  Transparency
temperature temperature
(°Q) (°Q) (mg/L) (ppt) (ye/L) (cm)

January 26.00+0.00® 2867+1.15 8.28+0.42 7.10£0.10%* 25.00+0.00° 14.81+10.29® 41.10£6.97™
February 26.67+0.58" 28.00+0.00" 6.53+1.44° 7.13+0.29™* 28.67+2.08% 13.36+8.96"° 14.43+7.68°
March 32.00+1.00° 32.67+0.58° 6.67+0.50° 7.30+0.10% 29.33+0.58° 11.64+2.42° 51.67+20.82“
April 29.00+0.00° 30.00+0.00° 7724035 7.2040.10° 29.67+4.16° 47.07+27.61% 20.00+10.00%°
May 31.00+1.00% 31.00+0.00% 7.45:0.63°  803+0.31¢ 2867+3.21%° 64.66+54.14° 23.33+11.55%
June 34.00+1.00° 36.33+3.79 8.06+0.36° 8.13+0.06" 31674058  2552+933% 70.00+10.00°
July 32.00+1.00° 30.33+1.61% 8.67+0.67° 7.43+0.25™ 30.33+0.58“ 1891279 40.00+17.32"
August 32.33+1.15° 30.83+1.44% 761068 7304017 34.00+1.00° 6.61+5.57° 73.33+15.28°
September  30.33+0.58" 26.33+0.58™ 7.05+0,39™* 7.07+0.15™* 3333+1,15% 8.33+3,25° 33.33+11.55™
October 30.33+0.58" 30.33+1.15 6.67+1.15° 6.97+0.23% 28.67+3.21% 7.80+2.29° 54.00+24.25%
November 25.00+1.00° 24.67+0.58" 7.78+0.35% 7.50+0.00° 2.33+1.15° 5.55+1.05° 8.33+2.89°
December  26.77+0.68" 26.50+0.50%° 6.72+0.67% 6.7020.66° 25.00+1.00° 6.61+1.96° 23.66+4.04°°

The vertically different English letters showed a statistically significant difference (P<0.05), tested by Duncan's Multiple Range Test.
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Water temperature (°C)
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Figure 2 Water and air temperature (a), dissolved oxygen (b), pH (c), salinity (d) and chlorophyll A (e)

at Lamae coast, Lamae district, Chumphon province, for a period of 1 year (January to December 2021).

ovi-6¢1



P5ANTIVYLATFNASUIVINTINYAT 42(3): 129-140

wagawinvasggnasisluseudvinaeimea
AZUN DILNBATUL IMIAYUNST
MnmenesiiamsUAsuasnmnimi
wiazggnauinaeilsazuy sunoazuy Jwin
YUNT F9INNANY MU Sunoazua Tanineum
fngniaiios 2 qq Ao nafeu 15 udaurifou
nunuE-nnuaay WuraUAsunsgundu say
ngfusenidsamiesdeuridsas uazqgHu Sudu

[

\Weufiguisu-flunay Fadutasiaunsquaziuan
doddnnzasunsiuumaoniaiiinnudugs
wazwdsuduanusaung Tusenidsamie Favinli
\inuanyn (Meteorological Department, 2023)
faiingmaiinaonisudsuul asmesnuamimeia
vinmieisazun Insquamiludazggnia
uinameilazuy sunoazuy Smingunsuandy
Table 3 guuafvuargungfieinialuggiou
fdatasniiganuegelaudded1Agyni1ead f
(P>0.05) sl g Huazfigamadniniiggeu
winigseglurrefngautumameidesdaion fe
gaunndadsey luyie 25-32 asAiwaidod
(Luangthuwapranee, 2005; Pandit and Nakamura,
2010)

INATTIATIEV HAVDIHANIAN AT
WasuwawesUTinueendiauiiazaie vie DO
afaiinudnggmiaiunndedulidsnasiadn DO Tay
Wu31 DO dlAegluyie 7.09-7.60 un./a. lugguy
fifngenigeiou sililesangumpithuargumnd
omadeatestuliinuesntiauiezansth fio il
gungiigiiuoantiauarazansluildanas luvsi

v

dolunuazydunidaziianudeinseanBiauiiuyy

TngawgluuanififuTinadunieTagungungd
flgatuatisidenszuaunstesanedunietng ¥
Tilufudifiorniafeusafndymnisviauaau
ponduauluuvaainle udegnalsfimunisAnuadsd
wuirU3ua DO Tuwts 2 gamadadeniiunzan
dmsunamizid ssde i Taeunsguvesiid
AanmAlaeRaluazden DO Ussanas 5-8 un./a.
vi3eUium O, avangeguiinm 5-8 un./a. tiduae
fifn DO #n31 3 un./a. (Luangthuwapranee, 2005)

A1 pH Juid savesnsndunsa/aseni

v
A I~

flugiu fo eglugag 0-14 ieddnan pH vesgs
‘vﬁaﬁf’ﬂLﬁulﬂ%a'qwam’aﬁﬁﬁ%?mﬁ'mﬁaaqiuﬁw
UBNAINH AN pH dydsnansgnunonisazaleiay
audufivvesasiniuazlanzainludi davlng)
%429 pH 7.0-8.5 JzINZELADNSINZE B edR S
wisinransaditinegluiififlsedudn pH og
wenv29il lunsalit pH Wa suwvasiuanndaei
annsavlmaneueSesludaii annsiinlduas
§ns1mssenns nnsnwadedinudn gnalais
KasiaA pH uSnuTneisazu Snoazu
FanTaguns Yufeen pH luggieu (7.41:042)
wazgauu (7.280.47) 4 alaifimnuunnsnseged
foddaynaaia (P>0.05) wage1 pH 111 2 gania
frogluasimneaudmiunamnsdesdoit fe
13imaslH pH aguanyae 6.5-9.0 nsgiaudiaziidng
ﬁgmmwﬁmmmsama@lé’uaﬂﬁdmﬁ WASMNIINTT
WigiulakasnsAURUge1EeAvsinas Lagay
Fonululdidlefidadedusaudae wu e pH way
oaungiigeitunenTundoasiifuiiniu

136



Journal of Agri. Research & Extension 42(3): 129-140

Table 3 Seasonal effects on water quality in the year around Lamae coast, Lamae district

Chumphon province

Water quality Summer Rainy Suitable value for aquaculture*

Water temperature (°C) 29.67+2.23° 29.60+3.21° 25-32

Air temperature (°C) 30.42+1.78° 29.25+3.74° 25-32

DO (mg/L) 7.09+0.89° 7.60+0.88° not less than 4**

pH 7.41+0.42° 7.28+0.47° 7.0-8.5%*
Transparency (cm) 27.36+18.92° 42.97:+20.97° 30-60

Salinity (ppt) 29.08+2.46° 26.29+9.87° 25-30

Chlorophyll a ({g/L) 34.18+35.25" 11.76+8.36° 15-50

Different English characters horizontally showed significant differences (P<0.05), tested by Duncan's Multiple Range Test.

*Reference: Optimum values for aquaculture (Chokchai, 2005; Pandit and Nakamura, 2010; Nuanmanee, 2010)

**Reference: Seawater quality standard type 3 (Seawater quality for aquaculture) (Pollution Control Department, 2018)
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Investigation of Mango Flesh Disorder Using Near-Infrared Spectroscopy (NIRS)
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Export quality of ‘Nam Dok Mai Sithong” mango has been reduced due to internal disorders
that are undetectable by visual inspection. These flaws lead to loss of export value and importer’s
trust. Therefore, this research aimed to investigate the feasibility of using NIRS and advanced
chemometrics to detect internal disorders of the mangoes. A total of 38 fruits of ‘Nam Dok Mai Sithong’
mango, aged 115-120 days after flowering were harvested. Different areas of fruit peel were designated
into different categories for near-infrared (NIRS) spectra measurement, consisting of 100 normal flesh
spots, 100 internal breakdown spots, and 97 spongy tissue spots. Interactance measurement was used
in wavenumbers of 4,000-12,500 cm™. Classification models were developed using Self-Organizing Map
(SOM) and classification accuracies were evaluated. Results from Principal Component Analysis (PCA)
were unable to distinguish among the 3 different characteristics of mango flesh. On the other hand,
classification models of SOM with 25,000 iterations were able to classify mango flesh into 2 classes
(normal and disorder) and 3 classes (normal, internal breakdown, and spongy tissue), providing correct
classification rates (%CC) of 83.1 and 82.4%, respectively. Therefore, application of near-infrared
spectroscopy using SOM model provided more than 80% classification accuracy for classifying mango

flesh into normal, internal breakdown, and spongy tissue symptoms.

Keywords: nondestructive evaluation, chemometrics, internal breakdown, spongy tissue
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78 mean centering udYIATIENYRYAALUNATUAY
nMTATIZeIAUsTNauNan (Principal Component
Analysis: PCA) YN ERAUILUUSI0 1A
awnasufieduundeya 3 dnwae (3 classes) Ao
deund wetuansornisnilu uazileiiuanionns
olnss $aufunissuundoyaaunaduu 2

(9

nwely (2 classes) Ao WBUNA kazlilaRnUunG nae

)]

% Self-Organizing Map (SOM) laginuAnguvas

Payaaiunniuugaing 3 dnvay Usenaualy group
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1 fo fouzsiaauni group 2 e \ouvsasiiuans
911911 lu Laz group 3 Ao deuziheiuansennis
olnss dwdudeyaaunafungiag 2 Snvas
fmuali group 1 e Lleuziiaeund wag group 2
#io \ilouzihsfiuansornisiinund netnsesidoya
A3835 PCAuay SOMa38lUsunsy MATLAB
(MATLAB V7.0, The Math Works Inc., USA)

Nan1sIekazIanTel

NM5AATIZRRIAUTTNBURAN
NTIATIZNDIAUTZNOUNEN %30 Principle
Component Analysis (PCA) 1 uinafian1ssuun
TayalagorfenanalnuivilaunIsAukANm19iY
vostoya Insansiudeyaniedudsdase () il
frenfendnnissindoyandesiuusidusiusiuly
Tussdusznouiieaiu uazuungudeyavidoduusi
fianuduiusiudioatiefaudsival 13undn Principal
Component (PO) Tngusas PCazuss9doyad
FustusAulilduinign wazuday PC 9glad
AuduuSTsTunaz iy well PC1 Ju PC flanunse
oSuBAuuUsUTINTesdeyaldunigaiaue uay
PC finunasureanuLlsusiuvestoyalatoyas
A1Ua1AU (Ketnark, 2013; Smith, 2002; Teye et al,
2019) IMNNANITNAADI WU PCA @1315095U18
AnuLUsUTIUANRaUnAn1eTunanzdaela Tag
PC1 uay PC2 annsnesuenuwlsusiuvestoya
alnnsu 3 dnwuz taz 2 anwuy lawindu 99.42,
0.51 Wosidud way 99.42, 0.51 WosiFud Auasu
(Figure 2A wag 2B mud9u) ﬁaiﬁaﬁwmaé’m%ga
fifinuRaund (outlier) $1uu 1 Fr0813 08NN
nauvesteyaaiUnasi wul1 PCL wag PC2 @310
afurgANLUsUTINYRTayaalUnnTL 3 Anwny
way 2 dnvasy Ifintuwiiy 99.46, 0.48 Wesiius

uar 99.46, 0.48 Wesldun muaau (Figure 2C Lay

2D anuansiu) ag1elsiniu PCA lianunsanansainy

uwansnsvestoyaanasuveienyaams 3 dnvasle

=

\geaniianisdeuriuiuvesdeya (overlapping)
Aetudsdosirdeyaaiunasuluimuinuudiass
IATIERTILUNAI8TT Self-Organizing Map (SOM)

ol

Self-Organizing map (SOM)
AINAIUILUUT188LABNITILATIZAINUA
#8735 Self-Organizing Map (SOM) tHunisluiznis
WAIUILUUT1809A2838 A998 UsTa I MIfioy
(Artificial Neural Network: ANN) & 918133013
Anngitoyaludedn efuauduiusvemas
naudeyavesudsiiliogluguiaudu (nontinear
multivariate) wazidu3sT Ll dunsndinenans
Tngazuansdoyatduunuain ¥y U-matrix,
supervised color shading iLteg component planes
(Lloyd et al, 2008) NAN1IINAADINTITWAUN
LUUT1ADIILUNAIEY SOM ﬁmﬁamiﬁaui 25,000
A%3 WUIINITUAAUHUATNLUY U-matrix Yua
15x20 vastoyaaiUnasy 3 dnvay Ae awnasy
lengiaaund (group 1) flasuuansnsainiie
ugaafinantonisirlu (group 2) waviilouziag
fnansornsidlolnss (group 3) lesann group 1
NENaNagluUTIMLNVITVUVBIHUAIN (Figure
3A) dmTuranisiasigvidiwundeyaaiunnsy 2
Snway nui anedudeund (group 1) 1N1ENAY
ogluuInamurNaIYeINLAIN Feilnuuansg
snifeuzaeinund (group 2) Tnedl map unit
WU ULIRADUTTALIY (Figure 3B) @S ULNUAMN
YUY supervised-color shading ¥u1m 15x20 %aﬂ%}aga
AUnmsu 3 way 2 Snvas wanliiiuinideusiag
Unit (group 1) fiaNsinznauvestayaagluluu
FIUVY LarNvIIAILEs muddy Faflaany

wansinsandeyaaUnnsuvaiilowinlu (group 2)
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olnss (group 3) waziiioRaUnd (group 2) (Figure
AA wag 4B ANUAGU) 0819LSNIMIUNTUARIWNLA TN
WUU supervised-color shading 3¢ LL@AIVDULYA
(boundary) ¥84UBYaTALIUNIINITUAAINTNKUY
U-matrix 1460153 1A 512 h s uunda838 SOM
fivsgansamlunisduunnguuesdayalaaniinis
Anneiosdusznoundn esnnmslinszideya
Aleglusuidaduazannsaduunnguussdeya
laAndin1sinsieideyawuulledu (Sharma and
Saxena, 2004; Suphamitmongkol et al, 2013)
uenaInil SOM fafinisdnnstioyalasnisaniifives
48ya (dimensionality reduction) la@nd1n1s
AATeeIaUsEnounan (Kohonen, 2013) Snvana
n1snaaesdidenndoaiu Theanjumpol et al.
(2019) AszENALY NIRS SaufunTIATIzideya
metesAUszneunaniay SOM lunsusziiue1nis
shameswaduansthis wuhmsinsgideyadieds
SOM aunsaduunnguvesdeyaladaiauniinis
AATziesAUTENaUNEn IAENANITIATIENILUN
A8 SOM WHUANWUY U-matrix a13150914unngy

v T X 4 a | !
YAINAAUANYUININLAABDINITWINUINANLIN 75

wWoesidud senannquieyaldedistaian dmsu
LHUNTINILUY supervised-color shading @11190
Sruunnguduansthdawaunfld Snitsanusouans
YaUAMSHiLTUeeN s ve WA LA ATl

Nan1sIATEMUsIuRAuaIUsalunIg
AIAN15al (percentages of Predictive Ability: %PA)
wWesiurmuatiesveswuuIans (percentages of
Model Stability: %MS) vesdeyaaiunniu 3 uay
2 dnwale WU TAINTU 80.68, 88.30 Wastius
way 81.04, 89.05 lWostdus auadu (Table 1)
Tuvasfilesifuinnuuiugilunsinseisiuun
(percentages of Correctly Classified rate: %CC)
vgeteyaaUnmiy 3 uag 2 dnwag dA1aandn 80
Wosidusd (82.43 uay 83.11 Wosidud augdiauv)
INHANITHAIU L UUTI889ILATIERIILUNDINTT
AnunAnelunanzdslnenmsladesdunsisaanlng
alnUsiuAU SOM visualization WU31 AULLUEN
Tunssuunidlenzahand Wenzshfiuansonis
wiily waziflenzahsiiuamiensilolnsedidnunniy

80 Lasidua

Table 1 Classification results for self-organizing map (SOM) using mean centering as a data

preprocessing, exhibiting percentages of predictive ability (%PA), model stability (%MS),

and correctly classified rate (%CC) with 3 and 2 groups classification

Self-Organizing Percentage of Percentage of Percentage correctly

Map (SOM)* predictive ability (%PA)  model stability (%oMS) classified rate (%CC)
Training set  Testing set  Training set Testing set Training set Testing set

3 groups 81.04 80.68 87.84 88.30 82.43 82.43

2 groups 81.50 81.04 90.13 89.05 83.79 83.11

SOM classification results were averaged from 50 rounds of map size 15x20 with 25,000 iterations.
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Figure 1 Images of cut-open in mango with of normal flesh (A), internal breakdown (B), and spongy
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Figure 2 PCA of NIR spectra preprocessed by mean centering; PCA labeled based on 3 groups (A), PCA

labeled based on 2 groups (B), PCA labeled based on 3 groups without outlier (C), and PCA

labeled based on 2 groups without outlier (D)
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Figure 3 SOM visualization of NIR spectra with mean centering as a data preprocessing, illustrating
U-matrix 15x20 with 25,000 iterations for classifying 3 groups (A) and 2 groups (B)

of mango flesh

LA
b L
+ S G TR D B R
o ks G L B
;10 R O

22241 2&d

2 2 22 (232
232 10 202011
212 22122 2
2 2212 21 2 1
222 2 2

2@ 2 223 21 2)'1
2 1 112 1@

22222 1
2.1 221212 112

4332312 23312
3223 2 2

Figure 4 SOM visualization of NIR spectra using mean centering as a data preprocessing, illustrating
supervised-color shading 15x20 with 25,000 iterations for classifying 3 groups (A)

and 2 groups (B) of mango flesh

A3UNAN13IY Suunionzshanduazidouzairefinundldise s

ANuLIUE 83.11 Wasidud satudadlianuduldla

nslgifasdunsusaaidninsalndsiuiu
AMIHRAUILUUINADIIATIEATILUNAIYTT Self-
Organizing Map (SOM) annsasuunionzaaUni
Wofluansonnisiinly waviilefiuansennisidelnss
Ieiisyiumnuudugn 82.43 1Wesidud wazaiunse

lun1suszynaldidesdunsiseaninsalnUdnsu
n3I3a0UeINSHAUNAN1ETUNAYB UL LitBNTS
Susesnunnuazanyaf1nsayLdsdniunis

dewenuziiniuguinenliidnes
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This research aimed to develop a seasoned fish powder product from factory leftover of salmon
meat by studying the drying time, physical, chemical characteristics nutritional value and acceptance.
Three recipes of seasoned fish powder were studied using a 9-point hedonic scale. It was found that
formula 2 (50.4% salmon, 8.4% sugar, 3.4% sea salt, and 37.8% soy sauce) received the highest sensory
acceptability scores in all characteristics (p<0.05). The color values (L* a* b*) were 73.74, 10.12, and
24.06, respectively. The pH was 5.60, the water activity content (aw) was 0.46 and the moisture content
was 9.45%. Formula 2 was then tested under four drying times of 9, 10, 11, and 12 hours at 70°C and
the sensory acceptance results showed that the sample dried for 12 hours received the highest liking
score (p<0.05). The moisture content of seasoned salmon powder at drying times of 9, 10, 11 and 12
hours was between 4.99-9.15% and the free water content was between 0.27-0.40 and the pH was
between 7.52-8.04 indicating that drying temperature affects physical and chemical characteristics and
consumer preference. In addition, when the seasoned salmon powder that was dried for 12 hours was

analyzed for nutritional value, it was found that 100 grams of seasoned salmon powder contained

151



5ANTIVYLALAWFTUIVINTNEAT 42(3): 151-161

403.87 kilocalories of energy, 62.65% protein, 10.51% fat, 7.18% ash, 14.67% carbohydrates, 10.09 grams

of sugar, 4.99% of moisture, and minerals including 2,832 milligrams of sodium and 55.42 milligrams of

calcium.

Keywords: food industrial by-products, salmon, seasoning fish powder, drying
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Table 1 Ingredients of seasoning salmon fish powder products standard recipe
Ingredients Content (%)
Recipe 1 Recipe 2 Recipe 3
Salmon fish 84.5 50.4 74.5
Sugar 2.8 8.4 6.4
Salt 1.4 3.4 4.3
Soybean 11.3 37.8 14.9

Recipe 1 modified from Nuchunm (2008); Recipe 2 modified from Prachongpun et al. (2019); Recipe 3 modified from

Srimanobhas and Walai (2021)

AnwIRMENBALNINIEAIN-LAT

1) N1931A518%A"E (Color Measurement) ¥i
N13iaAd L¥ a* b* vesnauauiasantessuu CE
(Observer angle 10°, Illuminant D65) Wi oUsE U
#1719 (%) ananduduns-3en (@) wazpnududimvaes
i (09 Tneldiedesind Hunterlab 31 UltraScan VIS
Sosuau 5 91 wazsrenuraduaede + dndowuy
1N

2) wsgsia A unse-n 19 A akUasann
Prachongpun et al. (2019) Fssae 5 n3u Findy
40 ya. munandunan 3 un Mnduluadm
\Junsn-ang (pH) fe4A3 89 S Analytics (Lap 845) ¥
M3A59M5TA 3 9

3) AiAs1zaiAuTy Aaisues AOAC (2019)
Tnedosianud ulaifusosas 12 auuinsgiu
HENA 9T AaIMN354 (Thai Industrial Standards
Institute, 1987) ¥INAN15MSI9I0 3 B

4) Jipszvivsinanifass (a,) Faroes 1
n5u ldasluiesmegnanarlneinluinaiusuna
Udase (a,) FeLA3 09 AQUA LAB % LabMaster-aw
neo §u ENS/ELS aaunQd5eni1evinn1s3asen
Wi 25 serwaldea ¥hnsasanisin 3 a1

1 [

Anwszeziranilmunzanluniseuniandnd ol
neUauganaulgese

yn1sAALE ang AT L TUATLULE 7 gn
1A NWITEOL1A1NTOULIT ST Lranzan Tngeud
gl 70 esrwaded Wussezia 9, 10, 11 uag
12 $2las v efaud uliiiAufosay 12 s
Ao 1eNdnd e Helaugatoul Isaanunn 1
s nudlUienesiaadnuasmamenw-ad
uazthgnsfiafigandnuaarndasunms lagnsa
Aasgiansemsiuiesdfuiinig laun wasnuain
a159113 Wadu ludu arslulawse i Tvamis
Aty wazkssng o Tndeuuasueailios (AOAC,
2019)

Anseideyanieadn

N UNITNARBIUUUE UOE 198UY T8
(Completely Randomized Design: CRD) @145 Un19
FATILY A UANNNNENN-LAT] NAFDUATILLANGI 1Y
Y99A1aA s 835 Paired Sample T-Test MHUNULUUGY
aeluud enay Y9 af (Randomized Complete Block
Design: RCBD) enui unsusesiumaunmmsUsyanvduia

T1AT189 A 1AURUTUTIUA 28 Analysis of Variance
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(ANOVA) ka3 8 UL 8UALLANG 19709A 110G Y
#2835 Duncan’s Multiple Range Test (OMRT) i 56y
A o ufevas 95 selusunsudns agumsadia
Tngseaunanisnaaeaduaiadsrarudoavy

11913571 (Mean + S.D.)
NaN15I98

KaMsAnEUNUgIUA N sEaNTUYB KA el
NeUauYaUDUUFITH
MINAAUNSERNTUAIENITU ST UA AN
yaUszamduia dA1ud ndu savd 1leduda uas
AnuveulaeT WuinUTinauasviiavesdiulszneu

A1 lunnand nasian ud nygn1UsEamMaula

o

LERIRY Table 2 NUINMSEBNSUAUE NAY Weduna

(Y]

FAVIR LAEAILIDUT LA NULANA NN LB HedA e

7

a

eatif (p<0.05) lngraUauvanoudiesa gasn
fiuszneuseileausaneusosay 504 tnmanse
Youay 8.4 \ndeauvnsiosay 3.4 WazwoadIna o9
Foway 37.8 (Table 1) IS upsuuumMIsanUMIsEay
Fuitag i gavnaadnvae deflazuuudiud Wity
7.20 AiuLdunAL Wit 6.86 Avuuuduleduia
WiNU 7.08 ASLULAIUTAYIA WU 7.40 LazAzUY
AUAUYBUTIWINAY 7.54 Ingazuuueg lunasivey
UIunang-gouuin ﬁﬂﬁwqmmﬂamﬂjamuﬂsﬁaﬁ 2
WA nwnszoznanfl anzaulunsouuand nsi el

YRRt G PR ERI DI

Table 2 Acceptance results of seasoning salmon fish powder products standard recipe

Characteristics

Seasoning fish powder products (recipe)

1 2 3
Color 6.14+ 1.47° 7.20+1.072 6.58+1.36°
Aroma 5.90+1.43° 6.86+1.36° 6.44+1.49%°
Texture 6.04+1.38° 7.08+1.28° 7.02+1.49°
Taste 6.08+1.64° 7.40+1.23 6.98+1.48°
Like 6.24+1.25° 7.50+1.09° 7.68+1.17°

Means in the same row with different superscripts are significantly different (p<0.05).

HANSANENAMENEAENINEAN-AY vasEnsiual
NeUa gAY FITE
N1SANYIANENYUENIINIEAIN-LAT VB
RGN R I HLINIE A a3 ans (Table 3)
Ad wuAIAmEIng (L) wagAtnududuns @)
HAnuwana 19 ues 1 Yud1Ayn19aif (p<0.05)
Tnondndnsinatuvaneulgesagnsi 3 fan
ainegsiian fie 76.96 musesAnsiasinsUausaLou
Ug9sagnsil 1 uaw 2 fidn 75.17 uay 73.74 audndi

A1 a* vasndndusinslatugaueulsesa ans 1, 3
way 2 davndu 10.94, 10.12 wag 10.47 anua1ay
Tuvagdaranududindes (b voswdndusi
KaUmusaLoUUTITATa 3 gns lifiaanuunneiety
pesiivdAryneada (p>0.05) AAadunsa-Ang
(pH) HEnS iU uganeuU 3T wudnagluylg
5.60-5.95 @adaiduomisnsasi (Shafiur, 1999)
UsinuanuduuazyTunanindaseiia 3 gusiia

o o a

upnAAueLsisd A seia (p<0.05)
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Table 3 Physical and chemical characteristics results of seasoning fish powder products standard recipe

Recipe Color pH Moisture Water activity
L* a* pxns (%) (@)
1 75.17+0.34°  10.94+0.13° 24.13+0.13  5.95+0.00°  25.71+1.46° 0.74+0.00°
2 73.74+0.98°  10.12+0.07° 24.06+0.09  5.60+0.02° 9.45+0.43° 0.46+0.00°
3 76.96+0.25°  10.47+0.08° 24.11+0.06  5.95+0.00°  23.48+1.09° 0.71+0.00°

Means in the same column with different superscripts are significantly different (p<0.05).

ns = non-significantly different

nan1sAne1szeziaand muzanlunisauuia
HARNYINIUa L TaNDUUFITH

Table 4 NANSANWITLELLIAT AU BAY
lun1seuuiendniueinaUaiuganeulsesa lngou
fgaumad 70 ssmwadea iWusveziaan 9, 10, 11
waw12 ¥alaa wuiiadnwaENIINIeAIN fAuen L
fuwluanauiiossevianiseuniintu iesann
lunszuiunseuniiandmaliinuinseuaaiin
(Maillard reaction) 71 9z lsf @ 1A10a7 1980A9
(Morida and Khumwachiraphitak, 2023) A1 a* 8¢
Tug9 11.99-14.84 uazein b* ogluyae 18.77-27.08
Tuvnefanmnandunsa-as (pH) lafinuunnsnediu
pgaiifud A yn19ada (p>0.05) Fauansinnisiiia
syezatluniseuludwanonn pH Tundnduging
Uanuausulesd

HaN1SANBIsTEEIa17 nanzanlunis
UL AN ST ueaNauUgesa Tuduaudy
wazUSinaindass nuinnansueinsausasey
Ugssafieuunu 9, 10, 11 uaz 12 92lua Tadu
WANANAUBE1SHTEE AN 9EDRA (p<0.05) LaRIAT
Table 4 lngndndnueineUalusaneuusssafiouuny
12 Flus Saudushian fe Sevar 6.86 Usum
vhsaseiuwaldudianaadusy e uszesinan
Tunnseu Tnensoud 12 Falus dAUSunannsass
Wit 0.27 wanfausinausaneulsssafieuuu 11,
10 way 9 97lae SA1USINLNasy winfu 0.28,
0.33 uay 0.40 Muawu FefianlndlAeetunisin
284 Morida and Khumwachiraphitak (2023) fidnw
Usinauinsasslunslsednsaminanasudarados

wagUadnansus nuitegluya 0.35-0.54
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Table 4 Physical and chemical characteristics results of seasoning fish powder products at 9, 10, 11 and

12 hours for drying

Time of Color pH" Moisture Water activity
drying (hrs) L* a* b* (%) (a,)
9 67.14+0.46° 11.99+0.45°  18.77+0.69° 7.96+0.70 10.29+0.36°  0.40+0.08°
10 64.63+0.79° 14.84+0.19°  27.08+0.11° 7.52+0.61 9.15+0.30°  0.33+0.10°
11 65.33+1.15° 14.81+0.28°  25.65+0.17° 7.84+0.68 8.00+0.09°  0.28+0.06°
12 65.79+0.83%°  14.70+0.21°  26.15+0.10° 8.04+0.53 6.86+0.80° 0.27+0.01°

Means in the same column with different superscripts are significantly different (p<0.05).

ns = non-significantly different

Table 5 KaN1IANYINTHBUTUNNUSEAM
FudavemdnduainsUaiuganouysesa NoUln

lusrezlianfin1eiy nulRuanvaenIssEam

[V %

FUNAPUE NAU WUBdUNE SAYIR LATAINUTBUTIY

a | o w

HAAnuuane19nueg 19 dedAyN19aif (p<0.05)

FensUauaneuUgssaiovutu 12 $alus 145y
AruuunIsEaNsUNIUTTa AN ag T gavn
AEnwaly InerzuuueglunaeiveuIuNa-YoULN
FehmavaueanouUsssan ouutu 12 92l

TUFnwaaAmelaguinissely

Table 5 Acceptance results of seasoning fish powder products at 9, 10, 11 and 12 hours for drying

Characteristics

Seasoning Salmon fish powder products

9 hrs 10 hrs 11 hrs 12 hrs
Color 5.90+1.20° 6.40+1.28° 7.22+0.95° 7.96+0.70°
Aroma 5.78+1.28° 6.30+1.42° 6.92+1.24° 7.52+0.61°
Texture 6.02+1.36¢ 6.98+1.49° 7.20+1.21° 8.04+0.53?
Taste 6.06+1.46° 6.76+1.42° 7.46+1.13° 7.84+0.68°
Like 6.16+1.20° 7.50+1.22° 7.64+1.01%° 7.92+0.27°

Means in the same row with different superscripts are significantly different (p<0.05).

HANIIANYIAUAINILATUINITVDIHIUAN
Ugasaainiawi svatugaveuiiovuiu 12 4alug
WUV 403.87 Alaunae3 lusfuravun
Sewvay 1051 lUsAusevay 62.65 A15lulalnsn

Saway 14.67 lwa1mssesay 4.01 NSU WIMAWINAU
10.09 N5Y 1015y 7.18 wAawyUIAY 55.42 .

wazlgReuyinny 2,832 un. wanand Table 6
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Table 6 Nutritional value of seasoning salmon fish powder product

Nutritional Content
Energy (kcal) 403.87
Total fat (%) 10.51
Protein (%) 62.65
Carbohydrate (%) 14.67
Fiber (%) 4.01
Sugar (g) 10.09
Ash (%) 7.18
Calcium (mg) 55.42
Sodium (mg) 2,832
130lHaN153Y ANANYRENNNEAIN 1Adl LazMIPaNTUTRIEUTINA

nsAnwiuugIuYeskAafusTksUauTANDY
Ussvd

mﬂmﬁﬂmﬁﬂ%ﬂﬁugﬂuﬁuawﬁmﬁm%m
Uaueanauyiasananun1seausunislseam
duifa lnogasi 2 fazuuunsseniugeaelunniu
idefiansanerafumseiidadiulimnanndealss
sorflovatueanouinningnsdu Jeilvidasiuy
A MsUsEandudannningnsd u Tuvaied
N13ANYIAUAINNNNIBAINLAELAT WUIIUTU
Aud ugnsit 2 fusuiuaududiian lne
aenndestuliuaindasedidiigaduiuy Ae
fUTuauindy 0.46 9 enndnusiinunaly
wsgUNER TRl sednUaT il une.
1605/2565 firimual3FodlaitAiu 0.6 (Thai Industrial
Standards Institute, 2023)

n15AnesTezIad nurzaulunisaunii
HanfuIIHsUaLTaNaUUTITE

dl ethunAnwszeziai wunzanlunis
BUUER IIHIUAWTANEUUTIE Fip BULIWI 9,

10, 11 WA 12 979 NUINSLELIAINTOULAILNARA D

Tnan1sAnuUs unamnud unasus i s ase
fuultuanasdiofiuszasnarlumsouinniiy Usuna
idasudutladeddnlunsaiaesiunisidvenms
wazdusay 3 S epnnuvasadsvesenms Usunani
dasyUIUaNiaNISAIUAN N58YTON MITIEY UALNIT
a¥ansivresdune emnuiinuanuiuuas
USinmuhdassianasiiligdunisussialiiannso

Y o 1

Wil fegnutu wupilisaiieunnvlaliauisn

WwiglanAUTunadasznaInai 0.9 wagsalvg)

a o

Laila3 gyl AUS a8 asERnda 0.7 (Postharvest
Technology Innovation Center, 2003) AalNanN e
ﬁmqmstﬁu%’ﬂmﬁmwﬁyu Tudrureen1sfnwinis
gousuvew uilaa {uslnalvinzuuuniseaususe
WARS T UM ITANBUUTITA gasTiautu 12 Tl
11T aa 4 9l AzuuuAINYeUTINEY Tuln e
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Feazdwaned nau saviluemns (Swawej, 2003;
Rahman, 2007)
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Abstract
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Mozzarella is a soft textured cheese with mild flavor and natural white to light cream color. It

is classified as a pasta-filata. In cheese making, acetic acid in vinegar was used for protein precipitation

and salt addition is relevant to several factors that affected the product qualities. The objective of this

research was to increase the yield and sensory quality of Mozzarella cheese by adding 1% (w/v) of

different salts: NaCl, CaCl,, and KCL. It was found that cheese with CaCl, had the lowest moisture content

at 41.09% but gave the highest yield, hardness, and resilience at 8.28%, 9.28 N, and 0.83, respectively.

Cheese with KCl showed the best melting, flow, and stretching qualities at 74.10%, 13.50 cm, and 5.40

inch, respectively. Different types of salts had no significant effect on sensory quality (P>0.05). After

baking, the cheese with CaCl, showed good melting and had the best oiling-out.

Keywords: yield, mozzarella cheese, NaCl, CaCl,, KCl

UNANELD

weagnsaanludaiiidodudayy ndusa
gou dveTsuvIAtdEaINaing dneglungu pasta-
filata Tun1svhdaldnsnuedinarninduanegsili
TUsAunnazneu wazmaiiuindesinnuiieadesiu
nanetafefidmadonmuamuasadnfae vuided
finquszasdiiloifiunandnuas nannmasyam

YY) |

dulAYDINaTLIAaNTALALNISLANNED 1% (WA)

a1

Afnegfinty A NaCl CaCl, way KCl wulndanld
CaCl, TUTu1uANTUAIEAT 41.09% wrlviuTuo

WA PN wazsEavejugaTian 7 8.28%, 9.28 N
Loy 0.83 muddy Areg1edadild KCl Sauniw
NaduNIIaBNaraly n5kua Laznsoafian
7l 74.10% 13.50 % uay 5.40 th muddu Fande
asiaiuldinasenuninnisUssamdudaegied
oddayneadn (P>0.05) ndsnnseusetnsdadild
CaCl, fidnwaiznaouavareldd wazilvhsueonun

A
WINNgn

AENALY: NaNAn NoAYTAaITa NaCl, CaCly, KCL
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A

a g a o eav v ° o s
%ﬁLUuNaMﬂm%wlﬂmﬂﬂﬁUWum UL I

a 3

fiad (butter milk) w3038 (whey) agandagidla

A 1

Wienateag1euwanfuleulyy (enzyme) #iansa

a a6 a

n309auUNsIdauLinn1ssaudndufounaluendlu

3

v
=

Aduieen Fedaausatanuilaaldludnvagan
NIDHIUNITUN (Ministry of Public Health, 2000)
woarsaada Wudafdduinidnlulseinedand
fiflodudany ndusasou vmssumAedaiuaing
Fnoglungu pasta-filata Famanefs Anufouuas
n138a Faddnoglundui 1&un Boccacni
Caciocavallo, Kashkaval, Ragusano & String
cheese tusiu fivSinmuanudueglurasiosay 45-60
Usmnalvifuegludeiilidesninfesas 30 uas
Ysurndesglugiesenineiesay 1.2-1.8 lng

v
°

tY < o Y & ' [y
Unin arunsanusnelaidunaiuiunin 90 U

=

Noaunil 1-5 aeAwaLtoa N1sHanLUELITuADIlY

9 Y

o

a = ° S a I3
YIUNUTUIUUIN LUDINUIUNUUTUIUUDILTS

€

Wanuesiiesdesas 11.50 Tneinidn (Kindstedt
et al., 2004; USDA, 1980; 2001)
nsnAnuBaYNsaaITa SunuiuNRuLn
UsuUsunalediulilamuunsgiu (standardization)
¥mswaeslsd mntuilfduas wddundide
wuafiiefiaruisandnnsauanin (lactic acid
bacteria) waziouleilisuiumn (rennet) Wiolindy
Yunndoldde (curd) wd2 ¥iansdauazniuLAda
dielvivnauy (whey) weneenainfeuwdsa wdaein
Tusalndufounfialilraanndunse-sa (oH)
anAIMADUSEAM 5.20-5.30 WéruInnay Tugy (i
wnde vi1lAuvianasussy (Kosikowski and Mistry,
1997) touledisutun (rennet) useoteulaaiisuiiu
(rennin) tHuteulesifivhlfaduiinnisanaznou
lnefin1sin (cleave) law1zsgnitanuszinulng

nlnsweuneszrIeilidasyaiiiu (phenylalanine)

Tudunuedi 105 waziufilodu (methionine) Tu
Fruniadi 106 Wi 2 dau fie wis-waUULaduy
(para-K-casein) wazlnalauwualasinulng 3i
@mauﬂ’aazawﬁﬂéf LANII-LAUUN-LATURY
annznowiledunafoulossu delnsunfndaly
ihussdunadeulessusy fudlodueuluivin
HaslUluthuy Seilfaduinnisanpzneu (Belitz
and Grosch, 1999) Tunsaimsldnsalusnnazneu
Usgglnivenaduazgniinliidunas lneunfudy
mmﬁ]ummﬁuaﬂﬁmmsagjﬁﬁwﬁuﬂizmm 6.6 Bl
quislunsmdniies wnanfieyiasiensiiunse
fardosaduazlind wazanasnouiiiies 4.7
Bunannzvesmudunsainleledidnnsnness
(isoelectric point) vaadu Fuduaniizfiadud
Uszqlwihisausindugud (@nmdunans) nsad
aunsaldnnaznauadulaun nsaudnin (lactic
acid) nsmatnas (hydrochloric acid) n A LB T AN
(acetic acid) wagnsnganla3n (sulfuric acid)
lunszurun1svinta indesiunuindnfgy
losandadenareuszns uenandvisnalaenssie
savIAvestanal nislandsludadaiunuimdidgy
lun1sndnuazorgnisiiusnwivesda nsifunde
LAALT YA IIBWENLITDBNANTE (Fox et al., 2004)
FliTaidnvazsaufniufidesnis siubsaunse
fudaqdunid anewesuondin Baeluninnizdn
LaZAINANRAYDILITINLUTE (Fox et al., 2017)
wpadenlonsuimnudfgselasiadiaag
Snvavibeduiavasia idesanuaadelessy
anusainiuszivluanavesiusfiuimduduly
TUsfu Usinaunalsufivawndeluidsaiinas
anwazda mnuTuuuaalfeuasndeluifsags
agrhlnAndulelusiufionuaziinsdnsedaia
Iusudsitidodudandy druusudeiivsun
wnaLdosdoogluAdaiasdidulelusiufiduias
SaFoasldifussfeou Seldnvasidesiu
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(crumbly) tuguderfiatfelafunausuiaLaaideu
AnafuazdnaanUAnisnienineaeiu wu weuds
uewlwalsaa T UTINAUAATsNgTiANaINTD
Tuni158a (stretchability) An31iuewdafidusua
whaLdes mmmmmiums%%uasﬂiﬁ’ummma
w@ulouazn1sinFesdavealusiu (Lucey and Fox,
1993)

Hokes et al. (1982) AnwinavodlaLfe
AABlIARONSIAAAIANLAALTILLATLUN NUILATA
Yosupadaundunniziusgrsdissdoudiousunm
Tufsuraslsmiiuty (0.775, 1.550 wae 3,100 Nadlua)
walgiieudararanisinigiaduuelusiu vinlnd
TWsAuudumgaoenin Wenmaaeulagdianlng
W3aanuin veavaniiuensenanidsaidaniea 1
wazdfiaduduegdne osanledosloooudadl
UsgquanuilsanunsoduAvlusaulfiduifondu
waaLgey vinlilusAugadeiuse seninauaaifey
wazlUsiu iosnnledenidluduiulusfuwny
wpawdey dwwavinlianuudussvesoynialusiu
anad (Whitney, 1988) Tnunaideunaslsasinazgnly
Wuarsvawnuleiey esanindelnunaideoy
LinebiAslsarnuiulainadluguslaawileutu inde
leid e (Cruz et al, 2011; Johnson et al,, 2009)
A15AN¥1984 Fitzgerald and Buckley (1985) WU
wasndailflnunadounawnuleiion 50% dan
Tunsaanelusiu savd wavidedudaldunnset
agafifeddgiiiosouifisuiudaildledoy
100% lun1sAnw1ves Ong et al. (2013) wuinda
FvhanuuiliaSuseuradeunaslsiuiinn 200-600
mg L1 drwannisgadslutulundideiiuine
agnafitfuddey uwiegnslsinny ldfinnsudsuulas
psAUsznovvetludu waglun1s@nwives Costa

et al. (2019) MsnawnulgLReNAaslsAUIEIUAIE

TWunaidounanlsn (25 way 50%) Tuda Minas
Padrao laldswaserudu TUsiu lusu 1 wordn
¥031 Aaolsd Mev uarnisaasfvedlusiu ud
Arnuudafindy WesanAfilewiuazaudy
anad N1INAEaUNITEaNSUlUNUAIINLANAIS
agafifddnludaninaunilufennaslsd 25% ae
Tunadeuaaslsdideiouisuiumesenugy
MAfeiingUsrasditofunananuas
ANAINNIUTEAMNANNAVDIN 0T TAANTA LaunIs
Wundesinewila Ae NaCl, CaCl, uag KCl

L4 ac
aunIULAZISNS
nAVLATE1sIALl
Ay iduaiey lefeunaslsa (NaCl)
upalBeumaslsa (CaCl,) Tnuvadounaslsa (KCU)
F/N1INAANDEYLTAENTE
AALUa331n35v03 Thibaudeau et al.
(2015) ¥nhusdivu 4,500 dadans fufigumailliiu
50°% \ilegaun il 450 imiduaney 120 Iadans
a v & ! | = v o v &
unazINLenFndU 2 dru drunilsazdudinuiu
naufieu (curd) Bndruazstduunag (whey) unde
1% (w/v) 19Tz 19UuT09M8A1U1IUINNTBLOIUIE
pan wari1dgnlaudulvtaeamall 90°% fou
Fauwaluiguazyinnisuin-gnesn (141 9)
nuuldnunnazldvewniniulisgnedes 2 dalus
Vo 2 o a
UsTgldndeanasiiuiigamgil 4%

nsAATIzRMaNtAR1wAd
X
AU
FAs1gUSUIUAUTY (moisture) Tagly

d{‘ U d‘l .
LAIBIINAANUYU (Moisture balance)
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N193ATIzRRENUANIINIEAIN

1) Anuausalunisazate (meltability)
f1875 Schreiber test lnafnuUasisas Kosikowski
and Mistry (1997) wag USDA (1980; 2001)

U1A19819UAYILTAANTAVUIN 2 X 2
wudiuns lalufenaisany Petr dish ¥nluaud
gaungf 2320 1 w181 4w wagdieliiBui
gaungiivies 30 w1l viinsTavuaflifisdu

Meltability = [(unagavie-vneda&Easiu] x 100

NWNATEGAVINE

2) AnuENsatunsiva (flowability) Tag
FinLUadisved Oberg et al. (1992) wag Wang et al.
(1998)

Feueagisaada 5 n3u ldaslunasnuia
Tnonaasluliuuiifumass udnhluiulieumgd
aos \Junan 30 wiit ludnwaizuunie anntutily
oufigamgil 110% 1Jutian 60 unit Tnansly
Snwmruuiueu toennfslibuiiguuniives
¥msinsreymefiistuaniedweaisasn Ta
Fiinnsviaouwman

3) AnNanansalunstaveny (stretchability)
P85 Fork test lnganuiasisves Fife et al. (2002);
Mizuno and Lucey (2005); USDA (1980; 2001)

WIBNAUNTITUIN 3x3 LURLLAT Lazd
YUIR 3x3x0.5 [wUAWLAT UFasunaundalazeu
figaumndl 23200 1Hutaan 5 undi 21nturiinisBa
FroguearLsaaTafinasumaisieiielnenisi
Fulununnsaunseidanauastuiinssesmaild

4) MsiesisRautiniadeduda Tneld
\389 Texture Profile Analysis (TPA) (Stable Micro
JU TAXT Plus, UK) d16reg1enaudia sunsenay

YAEURUAUENA19 25 an. 199 Ta TAGL Pretest

1.00 mm/s, Test 1.00 mm/s, trigger force 0.5 N
w3nAdn 25% AasziguandRvededuiadiy
hardness wag resilience finuilata1nisvas Costa
et al. (2018)

5) N153LATIERANYUENISUsTA A UN
Aszrdnvuznlssamduda laun dnvaes
Us1ng & ndu n3Ba Aamilu sa9i wag Anuveu
Toos2u TneUsziduauYeu 9 520U (nine-point
hedonic scale) 1ngu3lnataseny 18-22 Fitlaisiy
nsRNeluIIUIU 50 AU

6) AuaNUANEIN15UAAKUAIRINTTVRS
Rizvi et al. (1999) uag USDA (1980; 2001) W1sod
FUTAAITAVUIA 2x2 B4, 2198971719NA199U petri
dish dnluouiigangfl 2320 1Jutian 4 und

v
a

wAIFUNAAMENYEHN 9 Al

- P19I9FDUN I8N (blister coverage) 1oy
pnndeslninrseunquituiinntosifieda

- 9197990 UQHAVBI508 N0 (blister color)
lnggandvesseslndiindidle

- araeugUBnamesiifuiilvaiBueonin
(oiling out) TeganUnanisiufiduveamaring
wnteeiiiedla

N5IATIZANIIEDA

TIUHUNITNARDILUUFUANY T
(Complete Randomized Design: CRD) $1891UNA
u Ariedesdrudesuuninggiu (MeanSD)
FMINARDIIINA 3 51 NAFIUAIULUTUTINTDS
Yo3yalae 5 ANOVA naaouANLuAnIARAEYeq
%agae’h 835 Duncan's New Multiple Range Test
fisviuainudeiiufesas 95 Tnalusunsy Excel
Macros DSAASTAT ver. 1.514
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Nan15I8LazIanTal

AaaNUAfUAL
AINNISTILATIERNUIILNADANARDNNS
WasuLUaIweIANLT UL oEYLsA1Taad 19
Wed1Agm1eaid (P<0.05) Table 1 davd19AruUAL
fUsanutunniige esndamedisduiinng
dnde Tnsundefauantfldaudu fog1eda
#ld NaCl Susinamudusesaswn Wesnluiey
1aaamﬁmma@m%u1§ﬂ NSNBIA7 (swelling) Lagn1s
azargvenaduluwad nansueiivsualefoy
lovouaggs Jedlilodudfafiyuuazanunsavaonldd
(Cavalier-Salou and Cheftel, 1991; Lucy and Fox, 1993)

Table 1 Moisture content

USunaumnuiuvesinduusnvesdaiien
fninAneInnIswdsudives Nat waz CU lesauain
iindeinglassadauminduesia anufuazgn
f1¥neanainduuonvesdaiiiofuauqanoalufin
(Guinee and Fox, 2017) Tuanuidgves Pastorino
et al. (2003) nMs@nasazansuratdeudnluluds
liiAnnsramveauninglusiu wieuduns
Udos@Sunargny oty Faviliavindlusiud
difevasdawalidaiinnnunsedafiudy uenani
nsiivdnundailiaudunsadiady dresenns
\ndeufivaslonsu dwalddaiinuudafiniu Burti
et al., 2005)

Treatment Moisture (%)
Control 54.76+0.99°
NaCl 51.32+0.42°
CaCl, 41.09+0.42¢
KCl 49.19+0.64¢

>4 values in the same column followed by different letters are significantly different (p<0.05).

AMENUANIINIEAIN
3INN1TIATIERAuNanURAn1snIenInly
Table 2 wuAMuaIIaluNITazaty (meltability)
Tnedniduiiuilunisezanevedaiiiiniu Taluusas
F19819MAa0e AA1NLANEIAUEE19lTEd 1 AY
3R (P<0.05) Tnedagneiild Cacl, waz KCL T3
n1sazalsuInfian LMaAu 79.89+1.40 uaz
74.10+2.77% MUa19U (p>0.05) 799891178 NaCl
WU 65.02+4.29% wagdiagrsaiuanliiAinis
azanetiouiign iy 47.67+3.85% daunmsinses
nensivavesda (flowability) wuindalunsazsiieens
neaosdanukana1 iUt 19l ded1Agyn19as
(P<0.05) #1o8147ld KClflA1uanfign (p<0.05)

Wity 13.5+0.89 wu. fivgreatuauilAles
fign (p<0.05) Wiy 5.77+0.38 wa. Feg197ild
NaCl wag CaCl, Haunnansiusgsldiidoddg
N13@ns (p>0.05) 11U 8.17+0.35 way 8.57+1.10
Y. MINEIAU wazAruaIu1IsalunIsinvey
(Stretchability) WuI1¥alulAasiieg19Nna
fauuanatsiuegelifidedAgmeadd (p>0.05)
Tnesheeedadild KCl, CaCl,, NaCl wazAIUAN A1
miﬁmmﬂﬁqm WINAU 5.40+0.49, 5.32+0.43, 5.13+0.31
WAL 5.06:0.69 17 MuAU Fusiaziet1saonndes
fuwIdeves Kindstedt et al. (2004) na1InAnELTR

naseuTanlsinlrlaegetios 3 97
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Table 2 Meltability, flowability and stretchability

Treatment Meltability (%) Flowability (cm) Stretchability (inch)™
Control 47.67+3.85° 5.77+0.38° 5.06+0.69
NaCl 65.02+4.29° 8.17+0.35" 5.13+0.31
CaCl, 79.89+1.40° 8.57+1.10° 5.32+0.43
KCL 74.10+2.77° 13.5+0.89° 5.40+0.49

#“Values in the same column followed by different letters are significantly different (p<0.05).

PNATIATIZRUTUI T8z HANER 917
N1INAaInUll Jaluldayfing1avnassiinliu
wAnANAURE 1N TTBE Ay N19anA (p<0.05) lnadd
fild CaCl, TWUSunamanangsiign iy 8.28%
J9IRINNAD AIvgAuANLa NaCl Wiy 6.5 wag
6.64% A ud1FU uagdaild KCLiinfu 5.26%

§14 Table 3 aziiulndanlaazidudrulusaunas

=

Tosfuuy dautiwinimeldiwerazdundlusiy
Tughetheiild CaCl, Snasemstionanaznaulusiy
unzndign Hrelunsuoniadlaenisiiin syneresis
yeseumaidin esnueaideslooouanunioiin
ftuszduluanaveslshudndudulelusiuiu
(Lucey and Fox, 1993)

sy Ca?* dreanfinen MR-

wauluwad way Ca?t dunueduluiead {1unis

Table 3 Yield

Fouloawuulnihadn viensdulaensstungunse
Aruendanves a-adunay Badu (Asp, Glu) 3
azyiliuszqilunang wazidunanssusafiiuty
vosluag (Dalgleish, 1983) n1stiuLAaLGuNgae
Wi FATenszuiaeduluead Aanisudeslaana
yesteananlaswEdng shlilasiadvesdaudans
LATNUILUUTY (Luo et al,, 2013) damAapInU
UITHVDe Ustunol and Hicks (1990) iauLLAaLTY
Weiunsdeslownadouszniaaduluad uas
Frefnnulviuluseninnisnanfsada wuheaiu
A15AN®I989 Wolfschoon-Pombo (1997) fitAx
wradeuraslsradduuuTassnitansyidaiiotae
TilusAududiuduiou Ysuugenszuiunisnanda
wioiunandngienisifuunaideudaiulugag
0-0.5 ¢/L

Treatment %Yield
Control 6.51°
NaCl 6.64°
CaCl, 8.28°
KCL 5.26°

*“Values in the same column followed by different letters are significantly different (p<0.05).
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Tunisiasieiauviniudedudaves
HARSuTLeansaa1Td wandly Table 4 agwiula
11 Ln@elinane hardness wag resilience 88194
Taddyn19adf (p<0.05) freegreTadild cacl,
frnuudanaznsdangugefian imzunaideniing
Aornuuda WewnUsinaueduiivendaeen (degree
of casein dissociation) A1NNITLAANUSLTE NI

waageuwarlushu Mlluanadudiiuududms

Table 4 Rheological properties

Iﬁﬂﬂmvﬁﬂ‘ﬁ‘u%u (Cavalier and Cheftel, 1991)
frog1aTaild NaCl fanuudsuazainudangus
dWesanleioulossuaiuisangsduiulusiule
Wueiuuaa@eulessy ualiaiunsayinlmlusiu
WAnlaseadiefiudeuss (Lucey and Fox, 1993)
#0AAR0INUNITANYI8Y Cruz et al. (2011) WU
KCl (Wunadounaslsd) Snadnsiddoddyuinnd

NaCl Tusnuslelaganuiaiesvasndninaidugaying

Treatment Hardness (N) Resilience
Control 1.64+0.04° 0.16+0.01¢
NaCl 3.62+0.30° 0.23+0.01¢
CaCl, 9.28+0.30° 0.83+0.02°
KCL 4.49+0.06° 0.35+0.01°

>4 Values in the same column followed by different letters are significantly different (p<0.05).

ANISNAADUNUSEENEUREAS Table 5

1 a

NUTIRIBENAIUAY hagRIaeg19Tantd NaCl, CaCl,
KCl Tidnwaignmeussamduianudnyazusing &

AAU NN5ER ANUNTU AR BATAIUYBULALSIY

a

fayhuuni1aUszamdunantiwnnataiuagiad

Y Y]

Hed1Agn1eadin (p>0.05) donRaRIAUNITANYITES

Table 5 Sensory test

Ayyash et al. (2013) wuiueasaadadiiunde
NaCUKCL fiaauand@innaussamdudainilouy
dewssuiisuiunguaiugu lufinnuuandiaiy
gl dunadn (p>0.05) Hewnindetelunis
annzneukaziiteen widleldsuaudouriily

TUshudenannisliinasenisusyamauna

Treatment  Appearance™ Color™ Odor™ Stretching®  Toughness™ Flavor™® Overall
liking™
Control 6.76+0.25 6.6+0.25 6.24+0.24 5.92+0.25 6.14+0.26 6.24+0.25 6.42+0.21
NaCl 6.78+0.26 6.66+0.26 6.36+0.26 6.00+0.29 6.46+0.28 6.52+0.27 6.50+0.26
CaCl, 6.98+0.40 6.88+0.26 6.72+0.24 6.16+0.29 6.66+0.28 6.44+0.27 6.62+0.25
KCL 7.06+0.28 7.02+0.50 7.62+1.00 6.34+0.30 6.50+0.29 6.58+0.32 6.66+0.29

" no significant difference (p>0.05)
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nsnsIvaeuAuantAnIsuanvuzluns
avay F98WeY Ave9Tosned UTuavesuniudasy
wardnwazn1staueny aauanslu Fisure 1 Tudaegig
oA o v Y '
Fanld NaCl fanwuzvasuazatslosnindiogi
du 9 Hseeluidimanesiveuidntes lusegi
Y L] o va o
Fanld CaCl, idnwaznasuazarulan dsoenes
WWnpsusnaiintiuazveu Jeseewesiddinia
4 JusiueaninuNganiinwas usINTaU 9

Wiogan Ca? arunsadniivuSunaloduly
anagneundeutuiadulduiniian ludiufedrada
7ild KOl Snwaznasuazareialad ldiinsoslng
Andvdemenduuinaveu fusunahiiuesnin
Wwndes wazlufedieniuaudnvaznisvaoy
avaneiinlalii fusnaveuiasoslndidinaun

fgn Han1swesuinaRntuaziveatiiudntdes

Figure 1 Mozzarella cheese after baking

A3UNaAN133Y

A15ld CaCl, lunnsnanueagiisaadasie
WinUSuusesasnandn Janladaninududifgn
AUl waznsbanguganign nsldindesisviia

fuliifinasiennimmnisUssanduda
fnAnssuUsENA

YOUDUAMAIVTITTINE PR ShazmAlulag
11591715 AUEIAINTTULALAAAINNTIULNYAS
UUINYBULULY FanTaeslul Ndaedaun

Tunsvinideasedl
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This study aimed to examine the capacity of agricultural extension officers in pest
management, analyze the problems and severity of issues faced by farmers, develop the potential of
agricultural extension officers, and evaluate the success of plant clinic operations by the Department of
Agricultural Extension’s plant clinic operations. A mixed-method research design was employed,
including a questionnaire, in-depth interview forms, and document analysis. The study was conducted
between 2018 and 2024. The findings revealed that most agricultural extension officers lacked
foundational knowledge in plant protection with an average of only 2.93 years of experience. Their
knowledge and competency were rated at a moderate level and they lacked confidence in diagnosing
pest problems. Meanwhile, farmers facing recurring pest outbreaks relied heavily on chemical use, and
incurred high production costs. Training was provided to 1,072 agricultural extension officers which led
to a statistically significant improvement in knowledge, positive behavioral changes, and effective
knowledge transfer to farmers. Currently, 968 plant clinics are in operation. A case study in Phra
Nakhon Si Ayutthaya Province showed that farmers had a high level of knowledge regarding pests
and pest management, as well as a positive attitude toward adopting the pest management

practices recommended by the plant clinics. Meanwhile, their actual behavior in following the
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recommendations was at a moderate level. Rice yields increased from 620 to 780 kilograms per rai

and income rose from 3,519 to 4,793 baht per rai. Despite the increasing costs of biological control

products, the overall returns had clearly increased.
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Table 1 Performance levels of agricultural extension officers in pest management

Topic

Mean S.D. Interpretation

Data collection/Data gathering

1) Observing or inquiring about plant symptoms from farmers 3.28 0.849  Moderate
2) Analyzing data to identify physical changes in plants 3.42 0.822  Moderate
3) Investigating the distribution and extent of symptoms in the field  3.35 0.774  Moderate
4) Investigating farmers’ crop management practices (water, 3.36 0.836  Moderate
fertilizers, and agrochemicals)
5) Investigating environmental conditions before the 3.52 0.788  Moderate
occurrence of symptoms
Total 3.39 0.814  Moderate

178



Journal of Agri. Research & Extension 42(3): 173-188

Table 1 (Continued)

Topic Mean S.D. Interpretation
Data analysis
1) Identifying the relation among the issues presented in 3.10 0.828 Moderate
data collection/data gathering
2) Hypothesizing causes of abnormal plant symptoms 2.99 0.955  Moderate
3) Verification was conducted using simple methods, 3.32 0.745 Moderate
supported by indicative evidence
4) Reviewing information from authoritative and reliable 3.51 0.727  Moderate
sources
5) Processing data to summarize the causes of symptoms 3.11 0.904 Moderate
Total 3.20 0.832  Moderate
Providing recommendations to farmers
1) Providing answer with the most probable causes 3.22 0.808  Moderate
of symptoms, and explanations to farmer
2) Providing recommendations for pest/disease management  3.34 0.779  Moderate
based on scientific principles to farmer
Total 3.28 0.794  Moderate
Overall 3.29 0.813  Moderate
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(Table 2)
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Table 2 Levels of pest problems and farmers’ pest management practices

Topic Mean S.D. Interpretation
Causes and trends of pest outbreaks
1) Unable to determine cause of symptom. 1.69 0.829 Moderate
2) The frequency of outbreaks has increased. 1.69 0.839 Moderate
3) The severity tends to increase. 1.68 0.872 Moderate
4) New pest or unrecognized pests are increase. 1.65 0.904 Low
Total 1.68 0.861 Moderate
pest management practices of farmers
1) Lack of knowledge on effective pest control methods 1.59 0.877 Low
2) Aware of pest control methods but unable to 1.68 0.887 Moderate
implement them
3) Able to implement control methods, but high cost 1.78 0.933 Moderate
and ineffective cost
4) Pest control methods are unsafe for crop, farmer’s 1.59 0.895 Low
health, and the environment.
Total 1.66 0.898 Low
Overall 1.67 0.879 Moderate
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ANUINEANTRImE nanToglusTA UMINTANNIN
warAMLdenrRavaangnsadlunam it lUlgla
n1sUsEllunanIsEnaust wudnAnuives

o 1

A15UMTOUTH NoUMIBUTHARLUIAR YOI 1B UTH
Wi 22,10 @l eauunnsguyinnu 5.324 seau
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NAINIWITUNTOUTY (Table 3-4)

Table 3 The level of knowledge of agricultural extension officers (trainee)

Level of knowledge Pre-test Post-test
(score) Frequency Percentage Frequency Percentage
Low (0-15 score) 107 9.98 0 0.00
Moderate (16-30 score) 902 84.14 257 23.97
High (31-45 score) 63 5.88 815 76.03
Total 1,072 100 1,072 100

Table 4 Comparison of pre-test and post-test scores of agricultural extension officers (trainee)

Assessment period Mean S.D. t p-value Interpretation
Pre-test 22.10 5.324 -69.963 0.000 Different
Post-test 33.95 4.713
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Table 5 Levels of opinions of supervisors, colleagues, and agricultural extension officers (trainee)

on behavioral change

Topic Pre-test Post-test t p-value Interpretation
X S.D. X  SD.
Supervisor
1) Technical competency 3.08 0.738 4.02 0572 -23.713 0.000 Different
2) Attitude/Motivation 349 0.753 419 0.603 -16.852  0.000 Different
3) Communication competency 312 0817 396 0598 -20.631 0.000 Different
4) Practical competency 317 0806 398 0.626 -19.342  0.000 Different
Total 3.22 4.04
Colleague
1) Technical competency 318 0767 4.06 0.618 -21.055 0.000 Different
2) Attitude/Motivation 352 0764 425 0.636 -17.918  0.000 Different
3) Communication competency 3.205 0.830 4.025 0.66 -18.821 0.000 Different
4) Practical competency 325 0859 403 0.687 -16.770 0.000 Different
Total 3.29 4.09
Participant
1) Technical competency 288 0.696 387 0561 -25.718 0.000 Different
2) Attitude/Motivation 332 0679 408 0572 -20.330  0.000 Different
3) Communication competency 287 0680 378 0590 -23.300 0.000 Different
4) Practical competency 281 0704 378 0566 -25590  0.000 Different
Total 297 3.88

anudsavaInisanfiusuadfiniiy nsddned
JMIANITTUATATOYSEN
MRININEATNTHITUUINTARINHY Wudn
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dlvn) (Aade 2.56) AnsldFasusinaununsld
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AU TAATIZAFOIUN TN ST TR AN
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(Awade 2.18 wag 2.13 aud1du) (Table 6)
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Table 6 Level of knowledge, attitudes, and practices (KAP) of farmers in Phra Nakhon Si Ayutthaya

province after receiving plant clinics services

Topic Mean S.D. Interpretation
Knowledge
1) Major diseases and insect pests of crops cultivated 2.52 0.63 High
in the area
2) Frequent causes of plant symptoms 2.64 0.54 High
3) Environmental conditions conducive to plant 2.36 0.72 High
diseases and insect pests
4) Infestation of pests in crop fields 2.39 0.73 High
5)) Beneficial natural enemies of cultivated plants 2.30 0.64 Moderate
6) Healthy plants are more resistant to pest attacks. 2.88 0.33 High
7) Approaches to pest prevention and control using IPM 2.58 0.56 High
8) Proper and safe utilization of agrochemicals 2.21 0.72 Moderate
Total 2.48 0.61 High
Attitude
1) The problems of plant diseases and insect pests are 4.03 0.84 High
importance.
2) The resolution of pest problems requires a scientific 3.98 0.79 High
basis.
3) Recommendations from plant clinics offer 4.08 0.87 High
implementable, science-based approaches to pest
management.
4) Recommendations from plant clinics are effective for 3.90 0.91 High
pest management.
5) Plant clinic recommendations are based on IPM, 4.10 0.91 High
offering an effective for pest management.
Total 4.02 0.87 High
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Table 6 (Continued)
Topic Mean S.D. Interpretation
Practice
1) Currently, most practices continue to follow the 2.56 0.70 High
recommendations provided by plant clinics.
2) Regular field surveys are conducted. 213 0.79 Moderate
3) Biological agents are used as substitutes 2.40 0.74 High
for chemical pesticides.
4) Pesticides are applied according to situational 2.18 0.74 Moderate
assessment instead of following a routine spraying
timetable.
5) Knowledge has been disseminated to other farmers. 2.36 0.66 High
Total 2.32 0.73 Moderate
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Table 7 Estimated production costs related to rice pest and fertilizer management, yield,

and value of yield before and after following the recommendations

Before After

Topic
implementation implementation

1) Costs incurred from rice pest control and fertilizer usage 1,813 1,915

1.1 Pesticide chemical costs for pest prevention (Baht/rai) 889 645

1.2 Costs of non-chemical methods, such as 0.00 448
biological agents (Baht/rai)

1.3 Fertilizer costs (Baht/rai) 924 822

2) Quantity of yield obtained (kg/rai) 620 780

3) Approximate value of the yield (Baht/rai) 5,332 6,708

- Value of yield after deducting costs 3,519 4793

*excluding costs arising from other expenses
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Guidelines for Creating Community Food Security through Local Rice Production

in Thung Song District, Nakhon Si Thammarat Province
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This research aimed to study: 1) farmers’ backgrounds in agricultural production and their use;

2) their knowledge, attitudes, and practices on food security; and 3) challenges and suggestions for

promoting food security through local rice production among 75 farmers in three sub-districts of Thung

Song District, Nakhon Si Thammarat. Data were collected via interviews and analyzed using descriptive

and inferential statistics, along with content analysis.

The study found that most farmers had primary education or lower (82.67%), lacked

participation in community groups (70.67%), and had not received food production training (73.33%).

However, local rice varieties, especially glutinous rice grown with rubber and oil palm, can provide

both income and food for households. Each production cycle gives an average yield of 3,685.33

kilograms and earns about 193,459.72 Baht. Farmers had high knowledge and positive attitudes toward

food security (avg. 13.34-20.00), but practices were moderate (avg. 4.17), with food stability lowest.

Key challenges included limited land, low food diversity, and poor consumption planning.
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Policy recommendations include efficient land use, support for household food production,

better income and food management, stronger community markets and preserving local rice varieties

to support biodiversity. This research suggests that managing local rice at the community level can

help achieve sustainable food security for households and communities.

Keywords: local rice varieties, food security, food stability, food access, food utilization
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Table 1 Knowledge levels on food security promotion

Level of knowledge and understanding Number (n=75) Percentage

Low (mean score 0.00-6.66) - -

Moderate (mean score 6.67-13.33) - -

High (mean score 13.34-20.00) 75 100.0
Total 75 100.0
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Table 2 Attitudes towards creating food security of farmers in Thung Song district

Nakhon Si Thammarat province

Attitude aspects Mean SD. Level of Assessment
Food availability 4.86 0.25 Most agree
Food accessibility 4.92 0.23 Most agree
Food utility 4.87 0.30 Most agree
Food stability 4.96 0.20 Most agree
Total 4.90 0.20 Most agree
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Table 3 The practices to create food security of farmers

Security aspects Mean SD. Level of operation

Food availability 4.13 0.18 Agree very much

Food accessibility 4.16 0.19 Agree very much

Food utility 4.41 0.23 Most agree

Food stability 3.98 0.21 Agree very much
Total 4.17 0.12 Agree very much
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Table 4 Comparing operational levels in building food security for farmers by gender

Security aspects Sex Mean SD. T-value df P_value

Food availability Male 4.15 0.18 0.483 73 0.631™
Female 4.13 0.18

Food accessibility Male 4.18 0.20 0.712 73 0.479"™
Female 4.15 0.18

Food utility Male 4.46 0.23 1.524 73 0.132"™
Female 4.38 0.24

Food stability Male 4.05 0.21 2.556 73 0.013*
Female 393 0.19

Total Male 4.21 0.11 2.292 73 0.025*

Female 4.15 0.12

ns = not significant statistically; * = significant statistically at the 0.05 level

Table 5 Comparing operational levels in building food security for farmers by number of household

members

Security aspects Sum of df Mean F Value P_value
squares

Food availability Between groups 0.030 2 0.015 0.474 0.624"
Within groups 2.293 72 0.032
Total 2.323 74

Food accessibility Between groups 0.009 2 0.004 0.122 0.885"™
Within groups 2574 72 0.036
Total 2.583 74

Food utility Between groups 0.464 2 0.232 4.638 0.013*
Within groups 3.603 72 0.050
Total 4.067 74
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Table 5 (Continued)

Security Aspects Sum of df Mean F Value P_value
squares
Food stability Between groups 0.035 2 0.018 0.413 0.663"™
Within groups 3.090 72 0.043
Total 3.126 74
Total Between groups 0.024 2 0.012 0.821 0.444"
Within groups 1.062 72 0.015
Total 1.086 74

ns = not significant statistically; * = significant statistically at the 0.05 level

Table 6 Comparing operational levels in building food security for farmers regarding food utility

by household size using the LSD method

Number of family 2-3 persons 4-5 persons 6 persons and
members at present or more
2-3 -0.15625* -0.28077**
4-5 -0.12452

6 people or more

ns = not significant statistically; * = significant statistically at the 0.05 level
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Unravelling Climate Change's Impact and Risk on Wet Season Rice Production
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This study aimed to analyze the impact and risk of climate change on wet season rice
production in irrigated areas of Northeastern Thailand. The Feasible Generalized Least Squares (FGLS)
was applied to estimate the rice production function. By using the panel data on rice production from
19 provinces in the northeast classified by irrigation area of wet season rice (2002-2020), the results of
the study showed that Area harvested, Trend Time, Cumulative Precipitation, and Average Temperature
had a positive effect on the yield of wet season rice. At the same time, they were risk factors for rice
production variance. On the other hand, rice production in the irrigated area depended on accumulated
rainfall and average temperature, which had a negative impact on the wet season rice production and
there was a statistically significant increase in the risk of variation in rice production. When considering
dummy variables representing cumulative rainfall events exceeding requirement, there was a negative
effect on rice yield. At the same time, there was a statistically significant increase in the risk of variance
in rice production in all three cases. This study suggests that the characteristics of areas receiving water

from irrigation have differentially influenced rice crop yield.

Keywords: wet season rice production, climate change, impact and risk

feasible generalized least squares, econometric panel analysis
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NuAuAes nandndnn nandnioas

2. Foyaanimormialuefin Faurd wa.
2545-2565 984 Climatic Research Unit Gridded
Time Series (CRU TS) wag® o3y aan1wa1nialu
AUIARIINNITANLALMANITDIVD CMIP6 Feuns
1ae World Bank (2022) Usgneusay qquﬁmﬁa
Usinamenntindlh vdeusunanirly

nsAATIEdaya

1. MsvaasuALiisvesteyaniua (Panel
Unit Root Test) iitensavaaudlymnisannosuass
(spurious regression) faudzlUiinsenteya lny
NAABUAUFUHUSLTINAENINTTELE1IVBIT0YA
WUUNLUA (Panel Unit Root Test) 4 5¥0U Level
%30 1(0) A2875 Im-Pesaran and Shin (IPS) test (Im
et al., 2003) lagHANUAFIUNAN Hy han316I0U3
falafnundoyaiianunglaids (non-stationary)

2. MINAADUFULUUANNITWUY Fixed WAz
Random Effects A 1875 Hausman's Specification
Test \flosa1nmsUszanansteyaniuua a1unsa
Uszanalléits 2 35 oy Sedndusesdiniedeiie
FrenaaeuInislamnzaudiuiuudiasund e
(Studenmund, 2011) Tnedlauy@grunan Hy &
AULNIZaNN151Y Random Effect Model waign
Ugiasauydgiunan He danuwuizaunisly
Fixed Effect Model
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3. NSNAABULUU Autocorrelation Ao N3
naaoumIAISRanduRusaelusEnItnandnLay
Uadedndlugiaan t o g #2875 Wooldridge
(2002) lnedauyAgiunan Hy: LWTgnandunus
anelududuiinils usdasauysiundn Hy: To
avduitusnelududuiinis

4. nsvaaeudaymAinainad suflnany
wUsUs9ulai AT (Heteroscedasticity Test) n514
foyanmadaunainazilomafidinunainindou
fianuudsusuldnefiganinnsdilddeyasynsy
a1 Feindoanuffiugruvesisnismdeans
ﬁaaﬁﬁm A28735 Modified Wald Test for Groupwise
Heteroskedasticity (Greene, 2000) “1AWNAN1S
naaouNUin Aadd Chi-square iduialsiinigs
N31A13NgA (prob. < Anga (prob. < () A¥ULas
AUUAFIUMAN WAReIN aunisanaeelUymiAtady
LUsUTIuTRIAIAI1uAaTInLAd auly Aad
(heteroscedasticity)

5. msuszanaAveIsidaestosfian
wuui UL ulule (Feasible Generalized Least

Squares: FGLS) iaudlailymennnuulsusiuves

dun1sHananiade (mean production function)

| = ' = aa =
mmmmmﬂmmﬂaaulmw ANNUITNITIANYIVBN
Sinnarong et al. (2022)

NIIAAUALUUTIIADY
PINLUIAARINTUNITNAAVDS Just and
Pope (1978); Just and Pope (1979) fuuaguuuy
WInFUNI1SWAAWUU Stochastic Production
Function (SPF) n3e y = f(x, V) 1ile x 10u
nnwosvestademandaialy wu fifu yu wsenu
wag v dunnmesvesdadenisndad liaiuise

AuAuld lawn anineinmialuiufoneUgn siliive

'
1A ] |

1U3uLBsduiiazdsnanannuliviusulunisuis

q
1%

Wiy USunaudaly gaumgil Anuduveduas (Battese
et al., 1997; Jatuporn and Takeuchi, 2022; Yu
et al, 2022) i ol laansEnUT LARIINNS
LUﬁhULLUaaaﬂﬂwqﬁawmﬂﬁﬁm’awamﬁmsﬁnima
faualiavsnavesiaulsBuildlddnduiiase
Huraapdeureuusians drjunsiseased
Jalidnguuuurasaunsivegluguwuy Double-Log
Tnelieglugunesasniifiusssuvd (In) ilouansds

nswdsuwiadluvesiovarainuiangu

In Production;, = ay + By InAreapgpest;, + Bic InTimey + B, In Precipitation, +

By InVariance_Precipitation;, + f.Rain_Over, + f;InTemp, +

B. InVariance_Temp, + u;; + vy

NAKANYITNEIMIA | ad U t (F)
NuAAUReINaNART1IS1893R | o U7 t (19)

wunltuvaian daswnurasnalulagMudsulumuglaian

Tngil
(nProduction R
InArea_harvest R
(nTime Gh)
\nPrecipitation fio Binuirluazaused @adins)

nVariance_Precipitation

D2 Db

Rain_Over

8 ANULUSUTIUUSINNHuazausiet @aduns)?

8 smuusiuduiuuresvamsaluSnanhduazauiiiuanudonis

111N 1,290 Tadns Wwirnu 1 vieteenin 1,290 Aadwwas winfiu 0)
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InTemp fio gamgiindesed (esmwaidoa)

\nVariance_Temp fio AnuuUTUTINNmgRaAeT1el (osmiwaldea)’

Uit AD NANTENULANIZYINIEAT (time-specific fixed effects) Fedunansenu
fiAntulutasnm t Afnadenaviiefiud i

Vit fo Feuaaiaedew (error term) Faududiufivdsluwuusiassiild
anunsaesuelddhefulsdaseismvun

i uay t Ao flufusardanind i uay o van t

v
= o U

AU UAN FITUF NS UNITIATIERHINTUANULUTUTIUVDINANARTINTUAINLLY Tan T

Y

ANULAUBINER A1u1T0UTEENALUIAALUUTIAB TN UAYDITA FUNTHEARILLULYDY Antle (1983);

Antle and Havenner (1983) laaqaun15anukUsUsINBHanan 1nef u? Ao AULUSUTIUYBINAKARLREAY

2

u® = agy + Py InArea_havest;; + B InTime;; + B, In Precipitation, +

By InVariance_Precipitation, + [.Rain_Over. + f4InTemp, +

B.InVariance_Temp, + p;; + v 2)

NAN1599Y

v
'3

MsiAsgvigrudady 3 nsdl leuA (1) fud
venwavalsynu (2) uiluwsvadsesmu was (3)
Auitlagsau 1 9991nnsiddssuuaUsEniy
TunangTusenideuniledslitey nsAnwILennIl
Azl syidiuunuinvesseuurausemulunisan
mmL?{mmﬂmmLLUiUmu%aamwgﬁmmﬂ waz
LU?EJULﬁammaﬂizwuizwdﬂQﬁuﬁﬁawmﬂiaﬂaU@m
U s a g Aui uf 7 do el awnthdud ail A
wUsUs7Ug 9 910 Table 1 HANITILATIEVANA
W3suu dmsudimdsnunandndrlugguenina
nrfusanideuvie wandliifiuiiAnadefigedu
ﬁmmé’i’uﬁuéﬁumLﬁmwummgmﬁqﬁuﬁm%’u
vauenuagluwmvaUssyy dmduiuusiuifiuiien
NanAnd aviula Ui uAsnanEat 2 lus
gaUszmuilauiadidosniifuifuiismanandin
yonwnvalsznuuin Andudesay 3.92 vesiiud

Wuiigamandndnluggianue wansliiiuganis

dhfsundsivatssmurenneasnsfiugninluaa
nziuesnidounionsud1ates ilunaliinunsns
fgndndulvdosionivudundn deliiannso
muamﬂ%mwfﬂlé’ Lﬁa@ﬂ’nmumﬂmummﬁmm
urruazanluga9n1sndn nudianad o qed udl
mmé’uﬁuéﬁ’uﬁ%ﬁmLuummgmﬁqﬂéﬁu naalaan
USuauduagauianuulsusiugs uaziilog
Anad susuaduazaulurenisedamindy
1,322.47 4a8LUns FaAuninanudesnisusunn
nHuvest 129 1,290 fadiuns (Phitsanulok Rice
Research Center, 2017)

Frewmn 395 sadainy s oy
Frunuvesuiiuuuazauiiiuaudoanis
fionazadunnuidemeliiunanand1ald anada
wansliifuindnandnedsvesFinauaza
fiAuanudesmsnifusosay 50.1 vesiuiidnw
dwsusudsgunaiindsludisnsuaniidusuny
wagldsmdninavesgumgiqeandigalindady
firnadewiniu 26.69 eamnaaidoa Geogluraed
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winzandmsuuandn 25-35 esmwaildea Al WFewedelnasaay (Farell et al, 2006) i og)
nsfnuluumeuls (Song et al, 2022) uazielles  ANULUTUTIWTRIQMUMYHRAlUdIIN1THEN WU
WATBUY Y (Welch et al,, 2010) 8nvalifidaya fAnaduuwasAletuuiInIgIuAsulsloy

o =2

TJUANMLAY 35 asAwateavulunaIunsaas1aning

Table 1 Descriptive statistics of the date used in the estimations

Variable Obs Mean Std. Dev. Min Max

Wet season rice production (tonnes) 361 604,550.69  332,802.16 111,349 1,432,101
Wet season rice area harvested (rai) 361 1,719,257.60 925,554.46 313,356 4,163,693
Out-irrigated production (tonnes) 361 537,001.18  299,597.16 99,031 1,323,437
Out-irrigated area harvested (rai) 361 1,544,448.10 838,660.74 279,675 3,807,093
In-irrigated production (tonnes) 361 67,549.51  50,736.325 5,534 263,502
In-irrigated area harvested (rai) 361 174,809.50  130,788.80 7,388 614,351
Cumulative precipitation (mm) 361 1,322.477 266.482 846.906 2,540.216
Variance of the precipitation (mm?) 361 1,416.386 2,271.729 0.054  24,774.875
Rain over requirement (>1,290 mm.) (Dummy) 361 0.501 0.501 0.000 1.000
Average temperature (°C) 361 26.699 0.614 24.56 28.036
Variance of the average temperature (°C°) 361 0.006 0.006 0.000 0.032

31N Table 2 nan1snageunaaeuANils  roots) a3ula v dauUsT 9@ nund dnuwaels
Ya3vayalUUNILUA (Panel Unit Root Test) 4 5edu  (stationary) Asgsiutidndsy 0.01 dedulaidndudes
Level %38 1(0) MeAT Im-Pesaran-Shin wud1 duls  Anfiutusesunisuilesuuuudeyauazannsatily

nAUfiasauyfgiunan (all panels contain unit  RswRdayakuunLUaseld

Table 2 Panel unit root test results

Variables Im-Pesaran-Shin
W-t-bar p-value
Linear

Wet season rice production (tonnes) -4.5052 0.0000***

Wet season rice area harvested (rai) -4.6960 0.0000%***

4%% Non-Irrigated area production (tonnes) -3.5882 0.0002***
é Non-Irrigated area harvested (rai) -4.3470 0.0000%**
& Irrigated production (tonnes) -2.8921 0.0019%***
Irrigated area harvested (rai) -2.9858 0.0014%**
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Table 2 (Continued)

Variables Im-Pesaran-Shin

W-t-bar p-value

. Cumulative precipitation (mm) -9.2561 0.0000%**

§ Variance of the precipitation (mm?) -19.0358 0.0000%***

%‘ Average temperature (°C) -8.8796 0.0000***

= Variance of the average temperature (°C°) -12.9698 0.0000%**
Natural logarithm

Wet season rice production (tonnes) -4.4513 0.0000%**

Wet season rice area harvested (rai) -4.7025 0.0000%**

% Non-irrigated area production (tonnes) -3.5108 0.0002%**

é Non-irrigated area harvested (rai) -4.3607 0.0000%***

& Irrigated production (tonnes) -2.9873 0.0014%**

Irricated area harvested (rai) -3.4996 0.0002%**

S Cumulative precipitation (mm) -8.6029 0.0000%%

% Variance of the precipitation (mm?) -14.7481 0.0000%***

é Average temperature (°C) -8.9666 0.0000%**

Variance of the average temperature (°C’) -12.3373 0.0000***

Source: from analysis result

¥, ** and *** indicate that the significant at the 10%, 5%, and 1% level of significance

911 Table 3 NANISNAFOUA NWULNT
AUUALUUTIAD Lﬁamaaugmwuamﬁ f2875
Hausman's WUILUUINa0INanNand1Iu1UsiuIasy
wuUTIaeIRanant1IuId uenuasaUsEnu la
aunsaufiasanyfgiunanegnsliiseauiadry
FJeflmnumungausenisly Random Effect Model
\lesanuan1svagey Hausman liufiasanufgiu
nan waneIllianudunusseuinetaduaniy
728 (Individual-specific Effects) nuAkUs8 @
vildaUszunaAn Random Effects dusz@nsan
asnuaglideyadeuszansfianysaind Tuvaisi

wuudnasanandntudluunvalseniu Ufias

a [ 1

aunRgumanegadssdudedidni 0.01 Feflany
winzaun1sld Fixed Effect Model il asa1nwanas
NAaoy Hausman Ufiasauufigiundn Ued1nd
AMNFNNUSIEIstaTuangmeiusuUsdase
Fedndudiosmunuanuuantssginamine il
d41ne (unobserved heterogeneity) i e nnaaan
wodl elevpdeuLUUTIae MmN sUTEL A e
MTIINTALLTAY AN AFIUVBILUUTIADIANNTS
0ANBY IINANINAADU serial correlation A1873
Wooldridge UM UUTIADINANA AT 11UV
WUUTIADINANANT1IUIT UDALURTAUTENIULAY

wuuTIaeINandnv1lulunvauseniu UgLas
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aunfgundnegadsedutivddai 0.1 aguldi
wuushaewsauilsnanduius nnelususuiinis
LLﬁzEjﬂﬁwmﬂm’iwmaaUﬂiym Heteroscedasticity
#1875 Wald Test for Groupwise Heteroskedasticity
WUTIUUUTIADI 981 Ufiasauyfgnunanagedl
seRueddni 0.05 agUled uuudiassdanani
Aaaaadouianunlsuslined nanalagagy
WAILUUTIB0INANAAT1IUITTIULAZLUUTIAD
nandnT U dusnaYalTENIU AAINLALZE
#1514 Random Effect Model Tuvaigfiuuusiaes

nanant U Ululnralseniu daumunyaunis
19 Fixed Effect Model AauaninanIsIitAsIzvvaya
Wuwualy Table 3 wiogelsiau wuudiasanana
fYmdsnanduius anelusuduiing wazdan
panLadeuiimundsusiulined demgiisdaony
winnzaud 951935 nsUsruaA1d 1835 Mdsans
toeiigauuuluildululs (FOLS) iteurlutigm
A1AURUTUTINRIRIALANAa LAd auldAeT

swiulsulymdonanduiusnnglusuaunnis

Table 3 Model specification of all wet season rice, non-irrigated area and irrigated area

Type of test Hypothesis Wet season Non-irrigated Irrigated area
rice area

Hausman Test: H,: Difference in X2 (6) X2 (6) p1 m X (6)
Choice between fixed coefficients not =10.06 =8.15 = 30 Q9¥¥**
and random effects systematic
Wooldridge Test Ho: no first-order F(1, 18) F(1, 18) F(1, 18)
for serial correlation autocorrelation = 25.199%** = 27.854%** = 4.353%
Modified Wald Test Hy: sigma(i)’ = X2 (19) X2 (19) X2 (19)
for group wise sigma” for all i = 144 50%** = 228.31%** = 297.56***

heteroskedasticity

Source: from analysis result

¥, ** and *** indicate that the significant at the 10%, 5%, and 1% level of significance

910 Table 4 HALUUTIADINIATUNANER
wiglagldnisuszanuainigismdsanstoeiign

v

wuulURBULULY (FoLs) TunsAinwnadeilligy
WUUT1a89 Cobb-Douglas 1 903 UrBAINFUNLS
vostladanisnand 1y Tnefianduusyans (B) wanq
famnudanguresdadensudnd1iudidae
WasuwdasluSesar Usunamandndiinuin dauus
ﬁ'uﬁlﬂqn%’n fnansznuidauinmesesazUiuu

a ¥ = 4 = Q?II
HANA NI 17UNTUII0 U1aunUv suenuaslulunm

=] o o o o a

YaUsENIUg1NlsEAUNEE1IAT 0.01 NANAB 1D

o
v

ﬁuﬁﬂqﬂﬁmﬁﬁu%’aaaz 1 denaliinandnadedn
udsanfintudesay 0.9898 fisssududdai 0.01
Wuiatufunandnedsdnuntnuenuazluen
gaUseniuLi ud udesay 0.9879 uay 0.9627
arua1su Ll e ansadauuswualiuvaeiaan
(trend time) sutdudunuvoanalulagnisnan
Fidsulumunianan Suansznudsuinsedevay

Usmnawandndunlsin (B = 0.0311) wazuonivn
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gausenu (B = 0.0331) eghediszdutddnyi 0.01
TuvneiiinansznuidsuindedesasUsunananin
dnuluwavauszviu (B = 0.0074) egsdszau
Foddaydt 0.10 defnsanaudsuSunaindy
dzau ANanTeNullIuInNeesesasUsuNNaNEn
Il (B = 0.0439) wasusnmvausynu (B =
0.0573) a9l sz fuiddayi 0.01 Turae i dl
NaNTENUTsaUResesarUIIaNanand U Tluan
gauszyu (B = -0.1012) egediszduied ey 0.01
FauUsAuuUsUsruve U u v dudsa
dnansgnuldsuineessvazUsunanandnt1iunt
Wanunsel Tnedsalinandndnunlsm $1iund
venuwaausemy uazdmudlumavaUssuiiuty
Yowaz 0.0017, 0.0018 wag 0.0051 auddu fisedy
ded1Agy 0.01 nansanwidaudsunuaaialy
firunUsUsinvesUsunanduaisdenad sy
onandn Usingn1saldenaiineinnisi Ay
LLUsUsauQQé’uﬁuﬁ‘ﬁ’mmﬁﬁU%mmﬂfmumﬂ g dluiui
Ffwwlduuiudonadulsslovdsonisivinves
1 FedlensiinsAnwiududiot uduauduiug
fINa7

e arsaundauusvuid udunuuss
mqmmﬁﬂ%mmﬁ’uNuazauﬁlﬁummﬁaemi Wan
5&U‘%mm1§wﬂuagauﬁLﬁummﬁaqmigﬂﬁmuﬂﬁﬁ
a1 1 Wemuiitusinareuayauiy 1,290 Jaduns
Faduusmniigeaaiidndesnisnaontaenis
195 1@ uls (Phitsanulok Rice Research Center,
2017) warfian 0 Wevsunanwulyifudgangn
fulsiivtasssyanunisaifiiiunniull dee1e
damaliiniviudslunnduardwadorenanan
JnansznudsaunesovasUsununanant1IuItsiu
waruonavausEnuegeflseRutedd i 0.01

' = A  a ¢ |a H a a
NaNIA8 LiJaLﬂﬂL%@;ﬂ’liilJUiiJ’ImUWNuazauVI LU

AMUADINISVY dswalinandmad ed1nuilanad
P88y 0.0021 LATNANAMLRA 81UV UDNLIA

o v A

yausynuanasfesaz 0.0029 MiszAuuddayd
0.01

Faund o5l sg ung diade
fnansgnuiiausnedosarUsunaNandnv1Iul s
(B =-0.3111) wazusnarausznu (B = -0.2649)
atadlseduiodAnd 0.01 luvaeiidnansenuds
vinaesovarUsunuNandntuUlunsauseniy
(B = 0.3667) sgadiszRutiadrdnydl 0.01 nalng
asUud Aufivgninuasunltuvesnaiinaiieuan
RenaNanT I EINS

Gllﬁ)iﬂLﬁaﬁmim’]@f’JLLUiﬂﬁiuﬁ;’]Nuﬁ]mﬁuiﬁ
31 Usinasnduasauiinaidsuandonanandniund
sunazuonwaaUszniu luvasfifinaidavde
nanand 1 lunsauseniu Tunsalanuulsisiu
yo9U3un gz auinalfwans onandndn
Waaunsdl nanisAnwinuinnnunlsUsiuaes
Vsnahrluiinaidsuinsenanan Yaudeiuuuane
nanguf e1adunasindedidnvesnisinalim
iU ioenaddanusunsndeudlildniuay
Tuwuusnass Jemsiirmnumemnuseinse ez Anw
AT Lﬁaﬁmsmmeszﬁﬂ%mmﬁmuazauﬁtﬁu
AufBInsEuiinalsaun on onanand IR sans
Nl

faludlofiansanduusnguaamnioziiiule
ok qmm:ﬁm?{aLLazmmLLUiUiaumaqqmmﬁLaﬁa
HnalgsausaNanand U TINLaT UBNATAUTE U
TuwnsfidinaduinnenandndluwnsaUszniy
aghalsfienu Wensudatladefifinansenusenanan
At undteanunsdlanilaitunandniadond
FaefiladerudssninannunUsusiuueinanan

INUUSIU Panansby Table 5
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Table 4 Mean function with cross-sectional time-series FGLS regression

Variables

Wet season rice

Non-irrigated area

Irrigated area

Wet season rice area harvested (rai)

Non-irrigated area harvested (rai)

Irrigated area harvested (rai)

Trend time (technology change)

Cumulative precipitation (mm)

Variance of the precipitation (mm?)

Rain over requirement

(>1,290 mm = 1, over water)

Average temperature (°C)

Variance of the average temperature (°C°)

Constant

Observations

Number of province and period

Model significance wald y* (7)

0.98983***

(0.00191)

0.03115%*
(0.00046)

0.04399%**
(0.00259)

0.00173%**
(0.00007)
-0.00214%**

(0.00064)
-0.31118***
(0.01742)
-0.00041%**
(0.00008)
-0.27304%**
(0.06589)

361
19

402,719.35%**

0.98799***
(0.00263)

0.03316***
(0.00158)

0.05736***
(0.00460)

0.00188***
(0.00015)
-0.00299***

(0.00093)
-0.26498***
(0.04940)
-0.00085%***
(0.00022)
-0.51588%***
(0.16123)

361
19

176,444 67%*

0.9627 1***
(0.00258)

0.00744*
(0.00409)
-0.10128***
(0.00910)

0.0051 1%
(0.00049)
-0.00333

(0.00290)
0.36673***
(0.05658)
0.00314***
(0.00053)
-1.01127%%
(0.15317)

361
19

387,852.66***

Source: from analysis result

Numbers in parentheses are standard errors.

¥, ** and *** indicate that the significant at the 10%, 5%, and 1% level of significance
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910 Table 5 AnaN153LAIILHUUUTIADS
AU BN ANURYSUTINYRINaREAd 19U T Tag
I5Unuvaun1swuy Cobb-Douglas feddrinedsaes
fovfigauuuniua (PLS) Tnefianduuszans (B)
wansdssuUsesuneluiulsiidmalunisifianiny
wUsUsIuveINaRand 11T niafauusiiuay
\@ o4 (risk-increased variables) WU71 fauUsi ui
Ugndraduiiuusananuidssvesiesariuna

¥ v o w

a L4 = Q‘J’ 1
nandnt1auUvisuen (lufiszaudediar) wazlu

o v o
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)

defuivgndriindudosas 1 dwaliannudes
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nuasnsaNsaLt b analulagnsuanuarnis
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=
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WUUYIBNNTT
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time) 1 uiuUsananud vevesdovasusuu
Hanand 11T (B = -0.0042) uenwmvausznu (B =
-0.0041) wazlulwavausyyu (B = -0.0126) pg1all
sedutiadAnd 0.01 8139na17lda1 daudsuualddy
Yasnafiisanaudes dxvouiiniswaLnagng
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FaudsiiinmnudssvesdosasySunananandiiund
Tusvauszynu (B = 02333) saflsedutoddnd
0.10 3nnKan1sAnwaziulaINANNTALE 9TERINa
wansznuvosgunndlui uii veniuauazluiug
¥aUseN1y axeuliiiulnsruuvausEnIuT Y
USTMINANTENULTIa UTOIA MU TANINBINAUS
Usems usonaldanunsasnnisiuninudetamun
¢ Tagiamizlunnieigangigeianiuaudugs
Tufufivaussviu Fsenadorensseuinvaslsauas
Wuaadn Y

namlasaguids Aufivgnin wualtuves
nen wazUSunamiduazay Wudulsanaudes
vas¥osazUsinamanandundisaunsd Tung
ey AuLUsUsauvesUs i a i uazas
meizﬁﬁmmﬁfﬂmazauﬁLﬁumméfaqms way
mmwiﬂmwaaqmmﬁmﬁﬁ Husuusiiuaing
AevasderarUSnamanantnundnaunsda mn
Lﬁ'aﬂf«mmmmLL@ﬂﬁhwaaqmmﬁLaﬁaLﬁuéfwﬂs
anauidsweesarUSinamanantnuluazuen
warauseny Tunesstudafiduiuusdiuany
V& v9v09desazUSurananadnt1rurdlulan
YauTENIU INNANITANYITIIAUY d10150UIU0

= = Y] = ' Y o a v
WIHUNYUNUNANITAN YYD UNDUNUINLAEIVDS

214



Journal of Agri. Research & Extension 42(3): 204-220

Table 5 Risk of Wet Season Rice Production from Variance Function

Variables All rice in season Non-irrigated area Irrigated area

Wet season rice area harvested (rai) -0.00139

(0.00123)
Out-irrigated area harvested (rai) -0.00098

(0.00132)
In-irrigated area harvested (rai) -0.01385%**
(0.00340)

Trend time (technology change) -0.00427%*** -0.00412%** -0.01268***

(0.00093) (0.00100) (0.00374)
Cumulative precipitation (mm) -0.00748 -0.00684 -0.01567

(0.00598) (0.00643) (0.02391)
Variance of the precipitation (mm?) 0.00016 0.00019 0.00034

(0.00033) (0.00035) (0.00131)
Rain over requirement 0.00300 0.00302 0.00983
(>1,290 mm = 1, over water)

(0.00227) (0.00245) (0.00911)
Average temperature (°C) -0.08103** -0.09373** 0.23338*

(0.03582) (0.03838) (0.13777)
Variance of the average temperature (°C’) 0.00074** 0.00073** 0.00006

(0.00034) (0.00037) (0.00137)
Constant 0.35645%** 0.38744%** -0.45670

(0.12218) (0.13118) (0.48773)
Observations 361 361 361
R-squared 0.1220 0.1084 0.0838
Adjusted R-squared 0.1050 0.0908 0.0656
Root MSE 0.0132 0.0142 0.0529
Model significance F-test 7.008*** 6.136*** 4.613%%%

Source: from analysis result.

Numbers in parentheses are standard errors.

¥, ** and *** indicate that the significant at the 10%, 5%, and 1% level of significance
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The Study of Cost and Benefit of Northern Herbs Pharmaceutical Product

“Ma-Kwaen”
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The objective of this research was to analyze the cost and benefit of pharmaceutical
product from nothern herbs, Ma-Kwaen. Data were collected from 11 community enterprises
producing and selling herbal balm in the northern region. The results of the analysis of financial
costs and benefits showed that community enterprises’ initial investment in the production and
distribution of herbal balms was 5,832.00 Baht, consisting of average working capital of 4,260 Baht
and average tools and equipment of 1,572.00 Baht. The average net income in the first year was
2,866.41 Baht, the second year was 4,049.31 Baht, the third year was 4,046.54 Baht, the fourth
year was 5,468.28 Baht and the fifth year was 1,950.90 Baht. The results of the investment project
analysis revealed that it has a payback period of approximately 1 year and 9 months. Investment
in this herbal balm had a net present value was 5,131.52 Baht with an internal rate of return of

54.48%. Therefore, it is wise to invest in this herbal balm production.

Keywords: cost and benefit, balm, Ma-Kwaen
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Table 1

(Zanthozylum limonella Alston) project

Investment of northern herbs pharmaceutical product, Ma-Kwaen

ltem Mean SD
Working capital (Baht) 4,260.00 1,639.51
Equipment (Baht) 1,572.00 2,021.60
Total 5,832.00 3,661.11

910 Table 1 WUINIUAINULTUUINYDY
Famfaguyuayulnsiudunamile “uguuiu’

AMRALLYINAU 5,832.00 U Laglidiutd89sue

g
ag

3,661.11 UM UsENausig [ununyuisula

Wity 4,260.00 U laeildrudesuuegi 1,639.51
U waviAsesllowazgunsaladuwiniu 1,572.00

U nedlduideauuegi 2,021.60 U

Table 2 Equipment of northern herbs pharmaceutical product, Ma-Kwaen

(Zanthozylum limonella Alston) project

[tem Mean SD
Pots 607.20 1,034.69
Dippers 58.80 78.64
Ladles 29.00 13.42
Spoons 19.00 7.50
Weighing scale 217.20 27.22
Measuring cup 136.00 103.04
Stove 429.80 732.09
Other equipment 75.00 25.00

Total 1,572.00 2,021.60

910 Table 2 wuin te3esileuazgunsnives
Jamiaguruayulnsiutiunamiio “uzuviu’
Anadewindu 1,572.00 v Tnefldnudonuueyi
2,021.60 v1n Useneunde nilesgiiifeu/vile
nouvdes/milevstniadoniiiu 607.20 vin lned
damﬁ‘auuuaaﬂiﬁ 1,034.69 U NSEUBLRABNAY
58,50 U nefidruidosuuegil 78.64 vm Find

gty 29.00 um laeildiulesuuegn 13.42

U Fouv/Feuldis waswindy 19.00 v nei
drudoauuegil 7.50 Un tadesdaadoLyindy
217.20 U1 Tasfldruifoauuegil 27.22 vw
dnined/Memuadeitiu 136,00 un lasildiu
eatuuegil 103.04 u1n i/ inufalade
wiriu 429.80 un Taefldudeauuegil 732,09
U waziasesileuazgunsaldy 9 wasify 75
v Tnefdrudouuuegi 25.00 um
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Table 3 Annual cash flow of northern herbs pharmaceutical product Ma-Kwaen

(Zanthozylum limonella Alston) project

[tem Year
1 2 3 4 5

Revenue 8,457.00 10,509.00 10,611.00  13,547.00 5,455.00
Expenditure
Direct Materials

- Extracted from Ma-Kwaen 296.64 419.00 435.65 604.13 149.00

- Vaseline 231.85 256.21 255.28 33393 219.32

- Paraffin 107.22 110.11 110.00 119.36 105.73

- Menthol 606.94 672.20 681.08 770.94 528.20

- Borneo camphor 528.54 584.63 592.26 669.48 460.88

- Camphor 271.92 294.35 297.40 328.29 244.85

- Extracted from herbs 232.63 267.22 271.92 319.55 190.90

- Sesame oil 295.33 a28.77 446.92 630.65 134.33
Total direct materials 2,571.06 3,032.49 3,090.52 3,776.32 2,033.20
Direct labor 1,403.15 1,983.20 2,003.84 2,429.60 648.00
Other expense

- Gas 100.00 140.00 147.50 175.00 42.50
- Packaging 1,516.38 1,304.00 1,322.60 1,697.80 780.40

Total other expense 1,616.38 1,444.00 1,470.10 1,872.80 822.90
Total expenditure 5,590.59 6,459.69 6,564.46 8,078.72 3,504.10
Net cash flows 2,866.41 4,049.31 4,046.54 5,468.28 1,950.90

311 Table 3 wuindamiaguyuayulng
Nudhumanie “uzuviv” S51e3uede Tl 1
Winifu 8,457.00 uaw Ui 2 winfu 10,509.00 UM
Ui 3 winfu 10611.00 v I 4 windu 13,547.00 UM
wazUf 5 Winfu 5,455.00 U Ss1eg1e59Laae
U7 1 Wiy 5,590.59 U Uit 2 Wiy 6,459.69
U U7 31918V 6,564.46 Un U@ 4 191 fu
8,078.72 v wazdil 5 Wirfu 3,504.10 UM wazd

seFuavdiads i 1 winiu 2,866.41 um T 2

WU 4,049.31 U Tt 3 Wiy 4,046.54 U U9

4 Winfiu 5,468.28 U wazd7i 5 Wity 1,950.90 U
18518318 UTeNaumeAingay AW
wazenlddredu o lae dringiuiade Tudd 1wty
2,571.06 UM U 2 11fU 3,032.49 uan U9 3
WU 3,090.52 v U7 4 Wiy 3,776.32 U uae
U7 5 AU 2,033.20 U AussuLedas Tl 1
Wiy 1,403.15 v Ui 2 wirfiu 1,983.20 un Ui
3 191U 2,003.84 U Tt 4 Wiy 2,429.60 U
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a

war U7l 5 Wi 648.00 Uv wazATldRIedu o Wi
T 1 Wiy 1,616.38 v U1 2 Wirdu 1,444.00

U J9 31918U 1,470.10 Uaw T9 4 vindu
1,872.80 U wazdfi 5 wihiu 822.90 UM

Table 4 The results of cost and benefit of northern herbs gharmaceutical product,

Ma-Kwaen (Zanthozylum limonella Alston) project

Analysis

Results

Payback period
Net Present Value per Rai (NPV)
Internal Rate of Return (IRR)

1 Year 9 Month
5,131.51 Bath
54.48%

31N Table 4 WUI1TEHLLIANAUNUIINAT
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Product Development Guidelines and Marketing Mix Factors Affecting
the Purchasing Decision of Semen Diluents for the Breeding

of Fighting Cocks and Show Chickens
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This study investigated approaches to product development and the marketing mix factors
affecting the purchasing decisions for semen diluents used in breeding fighting cocks and show chickens.
A total of 100 participants from the provinces of Nakhon Si Thammarat, Phatthalung, and Surat Thani
were surveyed using questionnaires and focus group discussions. The findings revealed that, within each
demographic category, the largest proportions of respondents were male (82%), aged 61 years or older
(42%), held a bachelor’s degree (33%), and were self-employed (47%). Most participants purchased
semen diluents primarily for breeding purposes, sourcing them through distributors or animal supply
outlets. Packaging preferences favored screw-cap vials with a maximum volume of 5 ml, priced at no
more than 10 Baht per ml. Regarding the marketing mix (4Ps), product was identified as the most
influential factor in purchasing decisions, followed by price, distribution channel, and promotion. When
considering each factor individually, respondents valued convenience of use most highly for the
product; for price, they prioritized reasonable pricing that was not excessively high; for distribution
channels, they emphasized convenient locations and ease of purchase; and for promotion, they valued
marketing activities that supported their buying decisions. Consumers also placed strong emphasis on
high-quality service. The findings suggest that entrepreneurs and stakeholders in this sector should
prioritize these marketing mix elements as essential components when formulating strategies for future

product development.

Keyword: marketing mix factors, semen diluents, fighting cocks, show chickens
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Table 1 Frequency and percentage of general information on consumer

(n = 100)
ltem Frequency Percentage
Gender

- Male 82 82.00
- Female 18 18.00
Age (years)
- Less than 20 - -
- 21-30 3 3.00
- 31-40 8 8.00
- 41-50 16 16.00
- 51-60 31 31.00
- Over 60 42 42.00
Status
- Single 32 32.00
- Marriage 68 68.00
Education
- Elementary 8 8.00
- Junior high school 9 9.00
- High school 4 4.00
- Vocational certificate 20 20.00
- High vocational certificate 25 25.00
- Bachelor’s degree 33 33.00
- Higher than Bachelor’s degree 1 1.00
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Table 1 (Continued)

Item Frequency Percentage
Occupations
- Self-employed a7 47.00
- Agriculturist 21 21.00
- Company employee 16 16.00
- Civil servant 7 7.00
- University student 5 5.00
- Others, such as general employee 4 4.00
Incomes Per Month
- Less than 15,000 Baht 6 6.00
- 15,001-30,000 Baht 39 39.00
- 30,001-50,000 Baht 44 44.00
- More than 50,001 Baht 11 11.00

Source: from questionnaires and calculations
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Useandunusiuyeanisssuvesulad gy 91gauiBends Table 2

Facebook, TikTok 11n#1gn So8ag 49 T89aIU1AD

Table 2 Product development guidelines of semen diluent formula for fighting cock and show chicken breed

(n = 100)
ltem Frequency Percentage

1. Rationale for product selection

- For breeding fighting cock and show chickens 56 56.00

- For distribution to interested customers a1 41.00

- Others, such as for study and testing 3 3.00
2. Distribution channels

- Distributors/animal supply outlets 52 52.00

- Fighting cock and show chickens groups/associations 28 28.00

- Community enterprises/chicken farmer groups in the community 9 9.00

- Others, such as online system 11 11.00
3. Appropriate vial size

- not exceed 5 ml per vial 68 68.00

- not exceed 10 ml per vial 23 23.00

- not exceed 15 ml per vial 9 9.00
4. Appropriate product price

- not exceed 10 Baht per ml 79 79.00

- not exceed 15 Baht per ml 15 15.00

- not exceed 20 Baht per ml 6 6.00
5. Type of product packaging

- Screw cap vial 65 65.00

- Silicone cap vial 32 32.00

- Others, such as sachet 3 3.00
6. Product advertising channel

- TV/radio program 9 9.00

- Brochure/vinyl banner 14 14.00

- Online system such as Facebook, TikTok 49 49.00

- Others, such as leader, salesman 27 27.00

Source: from questionnaires and calculations
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Table 3 Marketing factors (4Ps) affecting the purchase of semen diluent formula for fighting cock

and show chicken breed

Marketing factors SD Importance level

Product 4.38 0.45 Highest
- Ease to use a.4ar 0.63 Highest
- Durability 4.31 0.46 Highest
- Interest/creativity 4.28 0.71 Highest
Price 4.19 0.46 High

- Suitable price 4.44 0.57 Highest
- Stable price 4.29 0.61 Highest
- Cheaper price than competitors 3.84 0.65 High
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Table 3 (Continued)

Marketing Factors X SD Importance Level

Place 3.87 0.34 High

- Nearby distribution sources 4.15 0.41 High

- Easy to access 4.02 0.32 High

- Online sales 3.32 0.55 Medium
Promotion 3.56 0.50 High

- Service 3.69 0.65 High

- Discount/free gifts 3.53 0.52 High

- Advertising 3.39 0.75 Medium

Source: from questionnaires and calculations
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Although the hotel business usually supports the economic development of the tourism sector,
it also generates food waste, which negatively impacts environmental quality. The present study was
conducted to assess the quantity and specific characteristics of food waste from hotels in Cha-Am
Municipality and Hua Hin Municipality. Data were obtained from 26 participating hotels. Results showed
that the assessed quantities of food waste in Cha-Am and Hua Hin were 594.06 and 634.83 tons annually.
Most of the food waste was generated from the post-kitchen activities which included food leftovers
(45.26% of total food waste in Cha-Am and 42.34% of total food waste in Hua Hin). Most of the food
waste from the pre-kitchen activities was vegetable and fruit waste (29.70% in Cha-Am and 41.07% in
Hua Hin) and meat, milk and egg waste (9.50% in Cha-Am and 6.62% in Hua Hin). The chemical
composition of the food leftovers was suitable as feed for rearing black soldier fly larvae, whereas the
vegetable and fruit waste could be used as a source of organic fertilizers. Fish waste, shrimp shell, egg
shell and bakery waste had the potentials to be used as an animal feedstuff. However, the risk of heavy
metal contamination in fish waste and shrimp shell could limit their usability. Waste sorting according
to its properties and use limits could be one of the most effective strategies to reduce quantities of

waste sent to landfills and to support sustainability of the tourism sector of Thailand.

Keywords: food waste, hotel, chemical composition, tourism
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Teigiserova et al. (2020) 91U7U 5 NGUE0E LALA
1) vogormsnuyudanunsauilaale 2) vezems
Fnzdmsuiniduemsdnd 3) vezomnsiuung
dwiuldidsmueunnaciuany 4) veversnsiny
dnsurhinatinim waz 5) vezensiivanzdmiu
Tvidevsin Yadminuazduiufedisusrems
wiagUszLanfiduunmugaan i luie ey

29AUSLNOUNILAL]

NSLATENAIDEIALNITIATIZINIUAL
thvggomsisuunamauautRndugoy
Tt 3-5 2. agnuedlifidndiu anduduiaoeig
y8ra1mUTIIA 1-2 nn. udnilududesBnass
Tiflvuin 0.5-1 gy, Wrlveulagldgauausou
flgumadl 65 ssmwalTea uu 72 $2lus wieau
thwiinasil nduuasegssunzunsifsuLg 1
uy. Wsdmeiiesed 1éun Sagusi (Ory Matter:
DM) m1u337 930.15 (Association of Official
Analytical Chemists, 2016) TUSAUAI8N1TN
Woesiudlulnsiaumieds Keldahl udldunames
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6.25 A1U35T 5983-2 (International Organization
for Standardization, 2009) |3y (Ether Extract: EE)
TneldUlnsi3uuBis05n1u359 2003.05 11 (ash)
Inginiiegsiiguugll 600 ssrealdoa Uy
2 F2lue n1u389 942.05 (Association of Official
Analytical Chemists, 2016) wistwada (Neutral
Detergent Fiber: NDF) 114 sodium sulphite way
alpha amylase A1u337 5.1 v89 Undersander et al.
(1993) dnluiwaglaa (Acid Detergent Fiber: ADF)
728735 973.18 waganilu (Acid Detergent Lignin:
ADL) a3t 973.18 (Association of Official Analytical
Chemists, 2016) ALAs1ziilanznin Lawn waAnLe
i wazusen 1neld38 EPA method 1631 (US.
Environmental Protection Agency, 2002) WATIEH
s1me1msity Laun woanedailuusslovwd
(Available Phosphorus: Avail. P) 1n olddnean
Bray Il (Bray and Kurtz, 1945) JauSunaisieinies
UV-Spectrophotometer IwunaLd &y (Exchangeable
Potassium: Exch. K) uaaigias (Exchangeable Calcium:
Bxch. Ca) uazsuinilieuiiuaniUdeuls (Exchangeable
Magnesium: Exch. Mg) laan1safiasiuaisazaiy
ammonium acetate tUNUY 1 N pH 7 1domnsdau
fusieenatn 1:10 tarsavanedildTausuadae

\A304 Flame Photometer (Peech et al., 1947)

nsUssiulBinamezamnsaetinvieaiien
iudeyaduauueniidninlugisnanfioaty
maiufeyauiunuvezerms Inedsunanezemis
mﬂiiaLLs:uLLazﬁﬁﬂléfmﬂmsiwsamazm‘msmm@ﬂ
AanssufiiAntunmelulsausunasinn mmfuﬁﬁaaga
SruruLInvnLazveze I sTLAUlEuUs TR U
USinasezommnssetinvieadismileay Tnediusune
YOO MNTHIMUATIEESaUls sy WaALE
msmes Ui ness Jwsldvinanezamns

AOAURBNTINNUBIL NVIDINYINTIAL

nsAUIMUTIIAIYEE D MSIN TS sIAL TV

1) Auiadasinisiinvezeinisiadeu
s33uan 1 fu vieladefungaanduani 1 fu weon
muvuIavedlswsy lngldans
dasnainuezanmsiade (nn./uvis/u)

= UINY8LNIMNTNIVUAINLTILTY (NN./U)

UIULTIUTN (W)

2) UsziuUSuIgeInIsT18LAauan
T5eusumnuaLEnAILUIn 518asLdunnnusIeay
Tu Isuwan et al. (2024; 2025)

3) Usv i uU3unalw e 011 SHananein
Aannslseusulutvafiuilinaviaiiiesszsiuas
wiAutaileiiu lagldnasindsunauese1nis

TIULADUNG 12 LHBU
NaN158

UIuuveea1ns
USunauveza1uisanunmuussan Tuaig
svpzaiiinsanunluiiuilmauiadiesresuas
WiAUNaL 09 RUA U INauvere s Il 594.06 Ay
Way 634.83 AU MIUAIAU VEroINITAIULUY
Wurwerusinaeainnisuslaa (Figure 1) dds
Sovay 45.26 lulwnnAulaliiesvesn wayiovas
42.34 Tuwamnauiaiiesiiiu dauduvereims
Ussmauinuasnaliidiinainnisiaudenounis
U59919115 (in-kitchen) wululwmmauiaiiosye sl
Soway 29.70 uariesay 41.07 lulwaneAuiaiio
vl susud 3 WuvevemnsUsunniaeile wu uay
19 Tngdrulvgiludonly wululwmmneautaiiies
Y¥e13e8ay 9.50 wazsovay 6.62 lulamnAUIaLng
Wadiu susudl 4 WJuvezermsuszianiAvIuLey
YundaazruunIu Iﬂ&lsuazmmiﬂizmmﬁdmimg
Wuveuvuutaudunazvuudeuiuiinuneng

JUSu1useay 7.59 TuwmneAuiatiloasesn way
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Soway 5.04 TulwammauIaLlaaiiu wagduaun 5
I P

WUVHEDIMSUTLLANLAYD NI TNLLANLAE BINAT
wiguingAunoun1sUTeImMs Usenaumeiuaenia

food leftovers from consumption

45.26%

meat, dairy, and eggs
9.50%

Waenues Mwarinauan Tuwawmauiaisavesiny

Spay 7.95 warluwmnwmeAuadlowiniunusssay 4.93

food leftovers from consumption
42.34%

meat, dairy, and eggs
6.62%

vegetable and fruit scraps
29.70%

vegetable and fruit scraps|

bakery waste
7.59%

seafood scraps
7.95%

Cha-Am Municipality

41.07%

seafood scraps
4.93%

bakery waste
5.04%

Hua Hin Municipality

Figure 1 Type of food waste quantity classified by type

YSurvegammsinunauauaudn
Mnszomsnaunlifvezemsdiuituyud
a1u1sausiaald vsganisdrulnglinuandd
Fumrzdmiud R sameuusasiume Sovey 45.26 Tuan
wiAualosedn Wavseuay 4234 Tulwameauialles
v dasniduvezemsivngdmduldvindenin

Fevpromistunguegssiiusznoumeiauiniasnabd

black soldier fly larvae farming
45.26%

animal feed production
25.04%

compost production

29.70%

Cha-Am Municipality

Sp8ay 29.70 TuluamAUIaLiwEe wassauay
41.07 TulsmnAuIaLl 99 Ay @1uv8ge1msimaung
° v & o &1 | & & |
dusudusmsdnidulngiduaviile un uagly
WYaIMITNELa 5aubUDLAwIuLaU Yundakazauy
U Jdnaiusosay 25.04 Tulwmmeauiawiaave ol

uaziosay 16.59 lulwawmaualilnsiiiu (Figure 2)

black soldier fly larvae farming
42.34%

animal feed production
16.59%

compost production
41.07%

Hua Hin Municipality

Figure 2 Food waste quantity from hotels and accommodations classified into subgroups

by characteristics
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USanasnezamnsaasnuautinvieaiien
Sns1vezenmsaetnvieaiien 1 Ay sy
wawautadiewzsnasnauialiesiifiufinnede
Tn&LAvafu (Table 1) Taviid1iadsainlsawsy
NNVUIAINAY 309.63 Uy 311.76 NTUADAUADNNT
i 1 A enudeu egalsfienu WeRansanuenany
Yualsawsy wudlseusuauiaEniiaadeusuna
YoM sFsanvinAy 549.65 nfuseAusionsiin

N 1 AU TULAWAUIALEIDIEEN way 613.27 NSUAD

AUABNTISIINA 1 Au TulamaAutadiosifiu diu
USU0VE 19115009159 INIUIANANS lULUALINAUIA
dleswzsn fanafewiiu 174.89 nfuseausanis
N 1 Ay waglulnmauialiesiiiiu 199.18 n5u
ROAUABNITIINNA 1 AU druvezermisiitinein
Tsausuvwavefidnadewintu 204.34 uag 122.82
nSuABAUABNISINNN 1 Au TulwsnAuIadiows e

LASLAUNALLDIIRY AUAPU

Table 1 Amount of food waste per tourist generated by hotels and accommodations of different sizes

in Cha-Am municipality and Hua Hin municipality

Food waste (g/person/night)

Cha-Am municipality

Hua Hin municipality

Small-sized hotels
Medium-sized hotels

Big sized hotels

549.65 613.27
174.89 199.18
204.34 122.82

29AUIZNIUNINLATIVDIVELD NS
sedUsznaUNIaLATivaIuBTa M TTILALNE
dwsuldidvsuouuiasiuats vezotmslunguil
Wuveromsussnniavemsmdeainnisuilan
femnumainmatsvesingiuililunisuszneu
pnawarmsuidionvoniednivarnvatsvia ¥
THosdUseneumaniivesusremslunguiilusiu
Aaud19ge aglutieiesar 23.30-26.89 (Table 2)
ogslsfinny mavezenslunguillulddeednd
fvedninkazdniutonguuielunsss1yUygs
n3AUANANNTNDITENT U W 2558 uenani
Hamuin vezormsnguilssiia fnguisdoutaei
firoglursiesar 3021-32.26 Feenvsinlvives
ownsdeldineniinguau

sdUsznoUNIAATivesvTB M SN
dwiiuldvintondn vezomslunduidnivgdu
wwinuazaalidadanudssdonisiindegann
\osanndldrinquiteiianunn faregluraefosay
8.95-9.45 (Table 3) uAllUTuUE MBI TV LAY
s sTsizaudmiuduledunid

edUsznaUNIALATivaIvETa M STIMNNY
daufusindusinrsdad vezormislungud
Usgnousie tawlan Ailusiuegludieiosas
41.59-45.31 wazidendelllusiveglurisiosay
41.70-51.70 uanani wWienltuazianyuuds
Faduvezomnsfisianinquitdusesiugs msiianing

wisayhlvlianudessensidnde e
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Table 2 Chemical compositions of food waste from hotels and accommodations in Cha-Am

municipality and Hua Hin municipality (meanz+standard deviation)

Waste Percentage
DM Protein Ash Fat NDF ADF ADL

Cha-Am municipality

Fish scraps 32.69+1.61  41.59+1.86 25.39+1.30 32.10+3.38 Not analyzed Not analyzed Not analyzed
Seashells 95.29+2.67 5.86+0.91 90.28+0.48 2.74+0.30 Not analyzed Not analyzed Not analyzed
Shrimp shells 26.16+£3.67  41.70+2.26 26.66+5.06 13.42+3.91 Not analyzed Not analyzed Not analyzed
Eggshells 81.68+2.35 5.98+2.34 87.59+2.16 3.30+1.62 Not analyzed Not analyzed Not analyzed
Bread 65.93+3.23  16.00+1.44 1.66+0.63 15.66+0.60 Not analyzed Not analyzed  Not analyzed
Food scraps 32.26+4.44  23.30+3.22 8.69+1.43 20.32+5.93 34.92+1.80 11.98+8.47 0.93+0.88
Vegetable and 8.95+1.20  12.33+1.07 9.18+2.29 12.68+2.91 33.12+6.62 17.66+3.86 0.44+0.16

fruit scraps

Hua Hin municipality

Fish scraps 35.67+3.03  45.31+2.25 15.97+6.26 20.95+10.31  Not analyzed Not analyzed Not analyzed
Seashells 94.23+2.67 3.58+0.76 90.19+5.59 4.55+0.98 Not analyzed Not analyzed Not analyzed
Shrimp shells 26.07+4.58  51.70+0.72 21.51+£1.97 17.99+2.27 Not analyzed Not analyzed Not analyzed
Eggshells 84.42+1.92 6.02+1.33 90.16+1.77 3.74+1.25 Not analyzed Not analyzed Not analyzed
Bread 70.36+4.08  14.70+1.77 2.06+0.36 16.78+3.25 Not analyzed Not analyzed  Not analyzed
Food scraps 30.21+1.59  26.89+1.24 10.06+1.39 27.33+4.42 41.88+8.64 23.79+8.58 4.06+1.57
Vegetable and 9.45+0.66 11.73+0.99 7.43+0.15 18.90+2.25 24.99+4.41 19.36+2.07 0.38+0.14

fruit scraps

Table 3 Plant nutrients in food waste from hotels and accommodations in Cha-Am municipality

and Hua Hin municipality (mean+standard deviation)

Plant nutrients" (%)

N P K Ca Mg S
Cha-Am municipality
Eggshells Not analyzed 0.11+0.01 Not analyzed 40.37+7.03 Not analyzed Not analyzed
Vegetable and fruit scraps 1.97+0.17  0.33+0.03 1.52+0.35 0.80+0.80 0.21+0.07 0.43+0.24
Hua Hin Municipality
Eggshells Not analyzed 0.44+0.04  Not analyzed 35.36+5.11 Not analyzed Not analyzed
Vegetable and fruit scraps 1.88+0.16 0.30+0.01 2.11+£0.25 0.34+0.10 0.14+0.04 0.18+0.03

YN is Nitrogen, P is Phosphorus, K is Potassium, Ca is Calcium, Mg is Magnesium, and S is Sulfur.
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32150iNAaN1598

Yyro1MTINgINalswsuiiinawIngidu
LAWDIMITIEDINANSUSIAATS Tokarchuk et al.
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This research used a geographic information system for sanitary landfill site selection. Based on
11 criteria influencing sanitary landfill site selection and spatial data, suitable areas for landfill sites were
determined using the weighted overlay technique with ArcGIS 10.2.

The results showed that the most influential factor is the distance from water sources and
wetlands, with a weight of 11.03%. This is followed by proximity to water supply, groundwater levels,
distance from communities, slope, geological conditions, historical sites, flood risk areas, soil type, land
use, and transportation routes, with weights of 10.66, 10.29, 9.56, 9.56, 9.19, 8.82, 8.46, 8.09, 7.72 and
6.62%, respectively. The most suitable areas for sanitary landfills are mainly located in Khok Samrong
district, covering 224.64 square kilometers (3.62% of the province's total area). This is followed by Chai
Badan District (182.05 sq. km., 2.93%), Tha Luang District (81.21 sqg. km., 1.30%), and the least suitable
area is in Sa Bot District (0.86 sg. km., 0.01%). It is recommended that public participation should be
promoted and taken into account when evaluating suitable landfill sites. Additionally, long-term waste

reduction is required for sustainable waste management.

Keywords: suitable sanitary landfill area, geographic information system, overlay technique
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Table 2 Determination of suitability score for landfill factors

Suitability Score
Low 4
Medium 6
High 8
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Table 3 The relative importance of factors considered in the analysis of suitable areas for sanitary

landfills

Factors Weighted value Weighted value (%)
1. Distance from water sources and wetlands 0.11 11.03
2. Water supply 0.11 10.66
3. Groundwater level 0.10 10.29
4. Distance from community 0.10 9.56
5. Slope 0.10 9.56
6. Geology 0.09 9.19
7. Historical sites 0.09 8.82
8. Flood risk areas 0.08 8.46
9. Soil texture 0.08 8.09
10. Land use 0.08 7.72
11. Transportation 0.07 6.62

Total 1 100
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Figure 6 Suitability map for factors such as soil texture (a), land use (b) and transportation (c)
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Table 4 The suitability level of an area for sanitary landfill in Lop Buri province

& Ao o BT 1% ) I
NUNLFYINYUINIU (Iﬂaﬂa@ﬂﬁljaﬂim/ﬂu) LLﬁ%EN@Q

TnafudunmeauunANanevan (Vunewy 3196) 3nnae

(Table 4) (Figure 7)

District Area of each suitability level (square kilometers)
Low Medium High

Khok Samrong 178.83 578.98 224.64
Chai Badan 101.53 969.42 182.05
Tha Luang 94.09 363.57 81.21
Ban Mi 118.39 403.90 63.40
Mueang Lop Buri 160.93 347.11 57.58
Nong Muang 0.05 405.30 40.15
Khok Charoen 6.08 272.60 38.46
Lam Sonthi 87.41 339.43 20.16
Phatthana Nikhom 27.31 480.52 9.17
Tha Wung 123.02 112.97 6.84
Sa Bot 26.60 277.18 0.86
Total 924.23 4,550.99 724.53

(14.91%) (73.41%) (11.69%)
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Figure 7 Suitability level of sanitary landfill sites in Lop Buri province

1nN15ANYINUIN Tul WA, 2566 39K
any3 JUTINTINSEUYeY 794 siusiau (Pollution
Control Department, 2024) lagg1tnaAdUI N1

= & ° = a a a
sUEJ%ﬁJ’]ﬂVl?jﬂﬂa BILNBLUBIANYT HUsuuvYY

Table 5 Quantity of waste in Lop Buri Province

397.12 fune iy Fadadlafiunlunsseasuveswiniu
300 153uly (Chinda et al., 2012) 599a9U1AD
gunalandnlse dUSuNuvey 94.33 Aunaiu TNUNA

Tunssesfuvezwindu 150 153uld (Table 5)

District Quantity of waste (tons/day)

Municipality Subdistrict Subdistrict Total

Municipality Administrative

Organization
Mueang Lop Buri 224.23 108.72 64.17 397112
Khok Samrong - 7.00 78.33 94.33
Chai Badan - 16.00 13.95 29.95
Ban Mi 5.00 . 20.00 25.00
Phatthana Nikhom - 27.00 29.00 56.00
Tha Luang - 7.00 16.17 23.17
Tha Wung - 6.81 5.20 12.01
Sa Bot - 9.00 3.50 12.50
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Table 5 (Continued)

District Quantity of waste (tons/day)
Municipality Subdistrict Subdistrict Total
Municipality Administrative
Organization
Khok Charoen - - 6.50 6.50
Lam Sonthi - - 8.21 8.21
Nong Muang - 6.00 12.00 18.00
Total 229.23 187.53 266.03 682.79

Source: Provincial Office of Natural Resources and Environment Lop Buri (2024)
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Tunsilsnauvezittivwinunnnia 300 153Ul danlwg)
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Arualangu fivaluaiueen (Figure 8a) way
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Tunsilanauvesiitiouannia 150 133Ul d@ulng
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UIDUAUALILAN FNUaNIZSS Auafanying tas

muaausIeal (Figure 8 (b))
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