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Effects of Day Length and Temperature on Growth and Development
of Vanda ‘Pakchong Blue’
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The demand for orchids, both domestically and internationally, is consistently high throughout
the year. However, the production of Vanda orchids, particularly the hybrid Vanda ‘Pakchong Blue’, is
still challenging in the summer season when the market demand is high. This research aimed to study
the effects of day length and temperature on vegetative growth and flowering regulation during the
summer season. The plants were subjected to two different factors: two levels of day length
conditions, day length about 12 hours and short-day length of 7 hours (Factor 1); and two levels of
cultivation temperature, 30+2°C in a 50% shading greenhouse (Factor 2), and 25+2 °C in an evaporative
cooling greenhouse (4 treatments: ND+SG, ND+ECG, SD+SG, SD+ECG). The plants received the same
light intensity, averaging 350 pmol m™ s™. The experimental results showed that different day length
and temperature conditions had no significant effects on vegetative growth parameters, including plant
height, leaf length, and number of leaves throughout the experiment. However, the experimental
treatments resulted in statistically significant differences in flowering response. Providing the Vanda

‘Pakchong Blue’ with short-day conditions delayed the flowering compared with a 12-hour day length
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Additionally, srowing the orchids in an evaporative cooling greenhouse significantly improved flower

quality and flowering efficiency, with a higher blooming percentage and a longer flower spike lifespan

compared with those grown in the 50% shading greenhouse.
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Tu (Table 1)

Table 1 Growth of V. ‘Pakchong Blue’ under different day length and temperature at 36 weeks

after treatments

Day length  Growing condition

Plant height

Leaf length Number of leaves

(cm) (cm)
ND SG 20.18 20.97 18.50
ECG 19.43 20.59 19.29
SD SG 18.71 21.09 18.30
ECG 18.32 20.35 19.00
DMRT o5 ns ns ns
CV (%) 11.34+0.47 5.21+0.21 8.28+0.30

ns = not significant differences at p>0.05; ND = natural day length condition (12 hours), SD = short day condition;

SG = shading greenhouse and ECG = evaporative cooling greenhouse

nsfnwnsiasuuladuszeznnsoenaen
wuinnsiianmanueniu Wsesna 12 42lu9)
wdnhluugnideslulsadoununugungl (gumnd
Wdy 25+2°) denaliuofidudniseenaenuay
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115.54 Yu suddu luvaziedifudniseonaen
wazIIwINIUNITUINYRIRDNTUTEANS A MTREN T
deldsuanmiudu (7 F2lu) udniluugnides
TulsaSougamgiiund Tnefidniads 7.7 Woswud uay

256 U ANUAIAU

AIUANNINYDIADANULN D1YNITUIUYBY
ponemuutudlsldsuanmuduudiluvgnides
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Audnavatneneglited1fyneats (Table 2)
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Table 2 Effects of V.‘Pakchong Blue” under different day length and temperature on flowers

quality
Day Growing Percentage Blooming Day to Number Flower
length condition  of flowering period flower of flowers diameter
(%) (days) (days) (cm)
ND SG 69.2 250.56 ¢ 12.50 ¢ 4.71 11.00
ECG 100 11554 a 1790 a 6.20 11.02
SD SG 7.7 256.00 ¢ 14.25 b 6.00 9.50
ECG 923 147.08 b 19.25 a 5.44 10.72
DMRT o5 * * ns ns
CV (%) 7.52+£10.07 12.58+0.81 8.00+0.21 16.75+0.18

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. ND = natural day length condition (12 hours); SD = short day

condition; SG = shading greenhouse and ECG = evaporative cooling greenhouse

Figure 1 Effects V. ‘Pakchong Blue’ under different temperature and day length at 16 weeks
after treatments including; ND = natural day length condition (12 hours), SD = short day

condition; SG = shading greenhouse and ECG = evaporative cooling greenhouse
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Callus induction from leaf explants is a crucial step in coffee tissue culture for rapid and efficient
mass propagation of seedlings. This research aimed to study factors affecting callus induction from
leaves of Robusta coffee (Coffea canephora) cv. Chumphon 2, a popular variety in southern Thailand.
The study examined three sequential experiments to test: (1) the effects of explant origin on sterility
and callus formation; (2) the effects of leaf segment position and culture medium; and (3) the effects
of leaf incisions on callus development. Young leaves from the 2" — 3" pairs from the shoot apex were
collected from four sources: farmers' fields in Khlong Hoi Khong district, Songkhla province; experimental
plots; a ereenhouse and a controlled environment room at Songkhla Rajabhat University. Each leaf was
divided into three segments (base, middle, and apex), sterilized with 1.2% sodium hypochlorite for 20
minutes, then cultured on NPCM medium (containing 1/2MS modified salts, 0.5 mg Lt 2,4-D, and 1
mg L 2ip) and C medium (containing 1/2MS salts, 0.5 mg L™ 2,4-D, 2 mg L™ 2ip and 1 mg L™ IBA) under
dark conditions for four weeks followed by light conditions for six weeks, combined with leaf incisions
to increase surface area. The results Results showed that leaves from the control environment room
had the highest rates of sterility and callus formation (95 and 90%, respectively). Leaf base segments
cultured on NPCM medium produced the best quality callus in terms of morphological characteristics,
number of initiation sites (5.3 sites per explant), and diameter (3.8 mm). Incisions on both dorsal and

ventral leaf surfaces promoted high-quality callus formation with a compact texture and dark green
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color (100%), suitable for further development into organs or somatic embryos. These findings can be

applied to enhance the production of high-quality callus for commercial propagation of Coffea

canephora cv. Chumphon 2.

Keywords: Coffee tissue culture, Coffea canephora, Chumphon 2, callus induction, leaf wounding
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Figure 1 Segment of leaf explants: base, middle and apex (scale bar = 1 cm)
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Figure 2 A surface-sterilized leaf explant of Coffea canephora cv. Chumphon 2 used for callus

induction experiments. Indicated positions; (1) proximal midrib, (2) midrib, (3) basal cut edge,

(4) apical cut edge, and (5) lateral cut edge. (scale bar = 1 cm)
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Table 1 Effect of explant origins on levels of sterilization and callus induction of Coffea canephora

cv. Chumphon 2

Source of Explant

Sterility percentage

Callus induction percentage

Control condition* 95+3a 90+5a
Field at SKRU* 90+4a 80+6ab
Nursery at SKRU* 80+6b 55+7b
Agriculture Area** 15+4c 33+5c
F-value 98.75 76.42
CV (%) 8.32 12.64

*Songkhla Rajabhat university, Muang Songkhla, Songkhla province; ** Khlong Hoi Khong, Songkhla province

Means+SEM within the same column followed by different letters (a, b, c) are significantly different at p<0.05 according to DMRT.
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Table 2 Effects of culture medium and leaf position on callus induction in Coffea canephora

cv. Chumphon 2 after 6 weeks of culture

Number of calli

Callus size (mm)

per explant Proximal- Midrib Basal Apical Lateral cut
midrib cut edge cut edge edge

Medium (A)

c@ 4.9+0.2 2.0+£0.2b 2.0+£0.2b 1.6+0.1b 1.320.1b 1.2+0.1b

NPCM (2) 5.1+0.3 2.9+0.3a 2.8+0.3a 2.1+0.2a 1.6£0.1a 1.6£0.1a
Leaf position (B)
Base (1) 5.1+0.4 2.6+0.2a 3.1+0.3a 2.2+0.2a 1.8+0.1a 1.7£0.1a
Middle (2) 5.0+0.2 1.940.2c 1.940.2c 1.5+0.1c 1.1+0.1c 1.0+0.0c
Apex (3) 4.8+0.2 2.1+0.2b 2.1+0.3b 1.7+0.2b 1.320.1b 1.2+0.1b
Medium x Leaf position (A x B)

1x1 4.9+0.5 2.1+0.2bc 2.6+0.3a 1.920.2 1.8+0.16 1.6+0.1

1x2 5.1+0.1 2.0+0.2bc 2.0+0.3b 1.6+0.2 1.2+0.1 1.1+0.1

1x3 4.6+0.2 1.6+0.1c 1.4+0.1c 1.4+0.1 1.120.1 1.1+0.1

2x1 5.3+0.6 3.2+0.3a 3.8+0.4a 2.5+0.2 1.9+0.2 1.9+0.2

2x2 4.8+0.5 1.7+0.1c 1.7+0.2bc 1.320.1 1.0£0.0 1.0+£0.0

2x3 5.2+0.5 2.6+0.4a 2.6+0.4ab  2.2+03 1.520.2 1.4+0.2
F-value

A 0.8ns 8.8* 4.6* 7.3* 4.3* 7.7*

B 1.7ns 3.7* 5.3* 3.9* 12.5* 8.4

AxB 2.1ns 4.1* 3.5% 2.8ns 1.9ns 1.8ns

CV (%) 18.4 22.2 24.8 19.4 16.8 15.9

Mean values + standard error (SE) within the same column followed by different superscript letters (a, b) indicate significant

differences (p<0.05) according to Duncan's Multiple Range Test; ns = not statistically significant; * = p<0.05.
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Figure 3 Callus formation on Coffea canephora cv. Chomphon 2 leaf explants after six weeks.

Panels show explants cultured on C medium (A-F) or NPCM medium (G-L).

The explants, taken from the base, middle, and apex of the leaf (left to right in each

row), were oriented with either their adaxial side (A-C, G-I) or abaxial side (D-F, J-L)

in contact with the medium. (scale bars = 1 cm)
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Figure 4 Wound effects on callus induction characteristics in Coffea canephora cv. Chomphon 2

after 10 weeks of culture; (a) no wound, (b) adaxial, (c) abaxial and (d) both (scale bar = 1 cm)

Table 3 Effects of leaf wounding on callus induction and development in Coffea canephora

cv. Chumphon 2 after 10 weeks of culture on NPCM medium

Wounding Fresh Number of Callus size (mm)
position weight calli per Proximal Midrib Basal Apical Lateral
() explant midrib cut edge cut edge cut edge
No wound  0.55+0.17b 2.9+0.3b 3.31+0.2 3.0+£0.4 2.3+0.3 2.4+0.3 1.5+0.2b
Adaxial 0.54+0.19b 3.2+0.5b 3.0+0.3 2.8+0.7 2.3+0.25 2.1+0.2 1.4+0.2b
Abaxial 0.60+0.11b 2.5+0.1b 3.4+0.3 3.6+0.4  3.00+0.2 2.6+0.3 1.8+0.2b
Both 0.85+0.21a 4.5+0.4a 3.3+0.4 3.7+0.3 3.00+0.5 2.9+0.4 2.4+0.3a
F-value 6.3* 5.9* 0.3ns 0.9ns 0.58ns 1.2ns 4.4*
CV (%) 37.65 41.9 35.5 38.0 43.9 41.3 41.8

Mean values + standard error (SE) within the same column followed by different superscript letters (a, b) indicate significant

differences (p<0.05) according to Duncan's Multiple Range Test; ns = not statistically significant

17



Journal of Agricultural Research and Extension 43(2): 9-22

Table 4 Wound effects on callus induction characteristics in Coffea canephora cv. Chomphon 2

after 10 weeks of culture in NPCM

Wound Callus color (%)

Green Brown Dark

Characteristic texture

Compact Callus, spread float on medium

Friable Callus, spread float on medium and explant.
Dark Green and Compact Callus, spread float on
medium, root bud was induced at abaxial leaf explant
Dark Green and Compact Callus, spread float on

medium, root bud was induced at abaxial leaf explant

No wound 58 21 21
Adaxial 60 0 40
Abaxial 93 0 7
Both 100 0 0
33150iNaN1599¢
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Water Requirement of Arabica Coffee under Different Shade Conditions

during the Dry Season
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This study investigated the water use of Arabica coffee (Coffea arabica L.) under different
shading environments during the dry season. The experiment was conducted from February 22 to 28,
2024, at Maejo University. Four 3-year-old Arabica coffee trees were each planted in a 30-liter pot and
assigned to one of two treatments: under a 50% shade net or in an open field (full sunlight), with two
plants per treatment. All trees were at the floral bud stage, which is known to respond strongly to
irrigation. Sap flow sensors were installed to measure actual plant water use (ETc), and weather data
were collected from an automatic weather station to calculate reference evapotranspiration (ETo) and
the daily crop coefficient (Kc). The objectives were: 1) to evaluate the water use of arabica coffee
under different shading conditions using the sap flow technique; 2) to determine crop coefficients (Kc)
for accurate irrigation scheduling during the dry season; and 3) to assess the relationships between
vapor pressure deficit (VPD) with both ETo and ETc. Results showed that open-field plants had higher
average ETc (2.15 L plant™ day™) and Kc (1.39) compared to shaded plants (ETc = 1.06 L plant™ day’,
Kc = 0.61). The coefficient of determination (R2) between VPD and ETo was 0.934, while the R2

between VPD and ETc was 0.526, reflecting the plant’s physiological regulation of transpiration under
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varying microclimate conditions. These findings provide a basis for more precise irrigation planning in

coffee cultivation, especially during flowering induction in dry periods.

Keywords: coffee, arabica, water requirement, evapotranspiration, sap flow
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Table 1 Some soil physical properties for planting arabica coffee

Some soil physical properties

Value

Soil texture

Silty clay loam
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Figure 1 Arabica water requirement (ETc) between 50% shade and open field conditions
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Figure 2 Daily Crop Coefficient (Kc) comparison between 50% shade and open field conditions
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This study aimed to investigate the effect of plant spacing on growth, yield, and cannabidiol
content of hemp cultivars EHFGP#1, EHFGP#3, and EHFGP#8 under greenhouse conditions. The
experiment followed a 2x3 factorial arrangement in a Randomized Complete Block Design (RCBD), with
factor A being two plant spacings (0.5x1.0 m and 1.0x1.0 m), and factor B being three hemp varieties
(EHFGP#1, EHFGP#3, and EHFGP#8). This study was conducted at the Hemp Research and
Development Center, Maejo University, Chiang Mai, Thailand. The results revealed that cultivar, plant
spacing, and their interaction significantly (p<0.01) affected several morphological and yield characteristics.
For growth traits, cultivars EHFGP#3 and EHFGP#8 grown at the 0.5x1.0 m spacing exhibited the greatest
plant height, averaging 213.57 and 214.13 cm, respectively, whereas cultivar EHFGP#8 grown at the
1.0x1.0 m spacing had the lowest height. Plant canopy diameter varied considerably among cultivars, with
EHFGP#8 showing the widest canopy at both spacings. The largest stem diameter was recorded for
EHFGP#8 at the 1.0x1.0 m spacing, indicating stronger stem development under wider spacing. Plants grown

at 1.0x1.0 m also had significantly greater numbers of nodes (4.00-4.40 per plant) and numbers of
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branches (7.20-8.00 per plant) than those at 0.5x1.0 m. A significant interaction between plant spacing
and cultivar was observed for inflorescence size, with EHFGP#1 at 0.5x1.0 m and EHFGP#3 at 1.0x1.0 m
producing the widest inflorescences (36.37 and 36.29 mm, respectively). For yield attributes, the 1.0x1.0
m spacing resulted in higher fresh and dry inflorescence yields per plant (0.90-1.08 kg and 0.21-0.26 kg,
respectively) than the 0.5x1.0 m spacing (0.52-0.78 kg fresh weight per plant and 0.12-0.18 kg dry weight
per plant). However, the total dry inflorescence yield per greenhouse (160 m?) did not differ significantly
between treatments, ranging from 16.24 to 26.93 kg, indicating that plant spacing did not affect total
yield per growing area. Regarding cannabidiol content, cultivar, plant spacing, and their interaction had
a highly significant effect on CBD concentration. The highest CBD content (14.32%) was found in cultivar
EHFGP#1 grown at 1.0x 1.0 m spacing, followed by EHFGP#3 (12.63%) and EHFGP#8 (10.58%), while
narrower spacing (0.5x1.0 m) resulted in lower CBD contents. Therefore, a plant spacing of 1.0x1.0 m under
greenhouse cultivation was the most suitable for optimizing flower production and enhancing CBD
accumulation, particularly for cultivar EHFGP#1, which demonstrated the highest potential for high-
value compound production. This study provides essential insights for developing production strategies

for high-quality hemp cultivation to support the emerging hemp industry.

Keywords: plant spacing, hemp, cannabidiol, planting factors, variety
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Table 1 Effect of plant spacing and variety on plant height (cm), plant canopy diameter (cm)

and stem diameter (mm) of hemp grown in greenhouse

Plant spacing Varieties Plant height Plant canopy Stem diameter
diameter
(mxm) (cm) (cm) (mm)
0.5x1.0 EHFGP#1 192.93+7.00ab 127.44+4.74 25.69+0.69bc
EHFGP#3 213.57+13.69a 133.70+5.57 24.04+0.32¢
EHFGP#8 214.13+6.85a 141.37+15.08 25.69+1.42bc
1.0x1.0 EHFGP#1 197.37+11.77ab 133.23+7.35 26.95+1.41b
EHFGP#3 194.83+7.08ab 141.84+4.05 27.74+0.89b
EHFGP#8 180.83+11.21b 149.47+5.84 32.89+1.78a
Plant spacing (A) ** * **
Varieties (B) ns *x *x
AxB ** ns **
CV (%) 5.70 5.50 4.45

ns = non-significant; ** = There was highly a significant difference. There was no significant difference between identical letters

in the same column (p<0.01) according to the Duncan’s Multiple Range Test (DMRT) at (p<0.05).
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Table 2 Effect of plant spacing and variety on number of node per plant, number of branches per

plant and inflorescence size (mm) of hemp grown in greenhouse

Plant spacing Varieties Number of Number of Inflorescence
node per branches per size
(mxm) plant plant (mm)
0.5x1.0 EHFGP#1 3.00+0.00 5.20+0.42 36.37+1.02a
EHFGP#3 2.80+0.42 4.60+0.52 33.00+2.19b
EHFGP#8 2.80+0.42 4.80+0.42 31.53+1.28b
1.0x1.0 EHFGP#1 4.00+0.00 8.00+0.00 33.67+0.97b
EHFGP#3 4.40+0.52 7.60+0.52 36.29+1.47a
EHFGP#8 4.00+0.00 7.20+1.03 33.65+0.82b
Plant spacing (A) ** ns
Varieties (B) ns *x
AxB ns **
CV (%) 10.03 10.31 3.67

ns = non-significant, ** = There was highly a significant difference. There was no significant difference between identical letters

in the same column (p<0.01) according to the Duncan’s Multiple Range Test (DMRT) at (p<0.05).
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iwinnanAndenenuidelsuiou
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se14 2122-2693 Alansu (Table 3) #isdl naidu
iesanszerUgn 0.5x1.0 WAT WAz 1.0x1.0 WA
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Table 3 Effect of plant spacing and variety on fresh inflorescence yield per plant (kg), dry

inflorescence yield per plant (kg) and dry inflorescence yield per greenhouse (kg/160 m?)

of hemp grown in greenhouse

Plant spacing Varieties Fresh Dry Dry inflorescence

inflorescence inflorescence yield per

yield per plant yield per plant greenhouse

(mxm) (kg) (kg) (kg/160 m?)
0.5x1.0 EHFGP#1 0.52+0.10 0.12+0.02 16.24+2.89
EHFGP#3 0.78+0.27 0.18+0.06 25.67+8.64
EHFGP#8 0.66+0.21 0.14+0.05 19.60+6.47

1.0x1.0 EHFGP#1 0.90+0.22 0.21+0.05 21.22+11.17
EHFGP#3 1.08+0.39 0.26+0.11 26.93+5.20
EHFGP#8 1.03+0.32 0.24+0.06 24.48+5.93
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Table 3 (Continued)

Plant spacing Varieties Fresh Dry Dry inflorescence
inflorescence inflorescence yield per
yield per plant yield per plant greenhouse
(m x m) (kg) (kg) (kg/160 m?)

Plant spacing (A) ** * ns

Varieties (B) ns ns ns

AxB ns ns ns

CV (%) 35.44 35.22 34.31

ns = non-significant, ** = There was highly a significant difference. There was no significant difference between identical letters

in the same column (p<0.01) according to the Duncan’s Multiple Range Test (DMRT) at (p<0.05).
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Table 4 Effect of plant spacing and variety on cannabidiol content of hemp grown in greenhouse

Plant spacing Varieties Cannabidiol
(mxm) (%)
0.5x1.0 EHFGP#1 13.44+0.09b

EHFGP#3 13.19+0.14bc
EHFGP#8 10.51+0.18d
1.0x1.0 EHFGP#1 14.32+0.16a
EHFGP#3 12.63+0.34c
EHFGP#8 10.58+0.21d
Plant spacing (A) **
Varieties (B) o
AxB **
CV (%) 1.82

ns = non-significant, ** = There was highly a significant difference. There was no significant difference between identical letters

in the same column (p<0.01) according to the Duncan’s Multiple Range Test (DMRT) at (p<0.05).
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This research aimed to apply metabolomics technology to investigate changes in rice
metabolites in response to infection by the rice blast pathogen Pyricularia oryzae. The blast-resistant
rice varieties (Hangyee 71 and RD59) and blast-susceptible rice varieties (KDML 105 and PTT1) were

used. The thirty-day-old rice plants were inoculated with a spore suspension of P. oryzae at a concentration of

5x10 sporessmL™. The leaf samples were collected 8 and 12 hours, and 1-7 days after inoculation.
Metabolite profiling was performed using comprehensive two-dimensional gas chromatography with
a time-of-flight mass spectrometer (GCxGC-TOFMS). The results revealed distinct metabolic profiles
between the blast-resistant and blast-susceptible rice varieties. In the resistant rice varieties, a significant
increase (p<0.1) in phenylalanine, citrulline, and shikimic acid was detected three days after inoculation,
whereas in the susceptible cultivars these metabolites were observed, starting five days after inoculation.
These compounds are key precursors in the phenylpropanoid and shikimate pathways, which are
associated with plant defense mechanisms. In addition, the resistant rice varieties showed the presence
of methoxyflavone, an antioxidant compound, and salicylic acid, a plant hormone involved in
defense induction. These findings provide insights into the metabolic mechanisms underlying rice

blast resistance.

Keywords: blast disease, metabolomics, rice, Pyricularia oryzae, GCxGC-TOFMS
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Table 1 Field key for visual assessment of leaf blast severity

Scale Description Diseased
leaf area
0 No typical susceptible lesion observed 0
1 Rapid observation does not reveal leaf lesions, but careful scrutiny of each <0.3
row reveals few lesions.
2 Rapid detection detects a few lesions. 0.3-0.9
3 Several lesions are randomly scattered within a plot, and the lesion number 1-2
on an infected leaf ranges from 1 to 4.
a4 Upper leaves are uniformly dotted with blast lesions but without necrotic 3-7
(brown) leaf tips. A few to several leaves are brown.
5 Several to many lower leaves become necrotic and few dead leaves are 8-14
observed. Tips of several upper leaves show brown color and begin to fold.
6 Lower leaves are uniformly exhibiting brown color and several dead leaves 15-24
are visible. Tip necrosis of upper leaves is predominant.
7 Tips of most upper leaves are curling. Middle and lower leaves are brown. 25-39
Several plants or tillers are stunted or dead.
8 Extensive leaf curling and browning of upper and middle leaves are prevalent. 40-65
Plants are generally stunted and many plants are dead.
9 Majority of plants are severely stunted, brown and dead. >65

Only few to several plants have green leaves with heavy infection.

Disease Resistance: HR = highly resistant (scale = 0-1); R = resistant (scale = 2); MR = moderately resistant (scale = 3);

MS = moderately susceptible (scale = 4-6); S = susceptible (scale = 7); HS = highly susceptible (scale = 8-9)
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Figure 1 Metabolites found in leaves of KDML105, PTT1, RD59, and Hangyee 71 after 8-12 hours

and 1-7 days of Pyricularia oryzae inoculation
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Figure 3 Heatmap of metabolites found in leaves of KDML105, PTT1, RD59, and Hangyee 71

after 3 and 5 days of Pyricularia oryzae inoculation
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Figure 4 Heatmap of metabolites found in leaves of KDML105, PTT1, RD59, and Hangyee 71

after 6 and 7 days of Pyricularia oryzae inoculation
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Understanding how sugarcane photosynthesis fluctuates throughout the day during drought and
rehydration is vital for grasping how these plants adapt to challenging conditions. However, the knowledge
on the diurnal change of photosynthesis of Thai sugarcane remains limited. Therefore, the aim of this study
was to evaluate the diumnal changes in photosynthetic parameters under drought and after rehydration at
mature growth stage of two promising sugarcane clones (KK07-599 and KK3/E09-1) and DOA KK3. The
experiment was conducted at Khon Kaen Field Crops Research Center (KKFCRC), Khon Kaen Province,
Thailand in 2023. Sugarcanes were planted in cement blocks with two irrigation managements: (1) well-
watered based on plant requirement, and (2) restrict-watered for 19 days at 298-316 days after plantation
(DAP) to induce water deficit, and re-watering at 317 DAPs to measured three days after rehydration at day
320. The results showed that the net photosynthesis rate, transpiration rate, and stomatal conductance of
all sugarcane genotypes were reduced under drought conditions compared to well-watered condition. These
parameters were lowest in the early morming and evening, reaching their highest levels in the moming or at
noon. The net photosynthesis rate of well-watered group was 10-15 umol CO, m? s, which was higher than
that of the restrict-watered group (less than 10 umol CO, m?s™). Conversely, the restrict-watered group
showed the highest internal CO, concentration at dusk or dawn (approximately 300-400 pimol mol™). The
diurnal variation in photosynthetic parameters observed across all sugarcane genotypes did not reflect

drought tolerance. However, following rehydration, the sugarcanes were able to restore its photosynthetic
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parameters to levels comparable to those under well-watered conditions. This demonstrates the strong
adaptability of sugarcane in rain-fed regions, where cultivation commonly occurs in the late rainy season and
is followed by a prolonged drought before rainfall resumes. Nevertheless, further research into the source-
sink relationship and sugar translocation is necessary to gain a deeper understanding of sugar accumulation

under drought conditions.

Keywords: net photosynthesis rate, transpiration rate, stomatal conductance, drought stress, diurnal variation
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Introduction

Sugarcane is one of the most important
industrial crops in the world. It is mainly used to
produce sugar or biofuels like ethanol for renewable
energy. Sugarcane is a C4 plant that fixes CO, into
oxaloacetate within mesophyll and bundle sheath
cells. This product is converted into sucrose
and translocated through the phloem to stalk
parenchyma cells, where it is stored for industrial
sugar production (Moore, 1995). The global
population is experiencing climate change, which
increases plant abiotic stresses such as heat and
drought. These abiotic stresses severely impact
plant growth and yield, with estimates suggesting
that they reduce agricultural crop production by
approximately 51-82% (Verma et al., 2020). The
Northeastern region (Isan) of Thailand is the
largest area for rainfed sugarcane cultivation,
characterized by unique environmental constraints
such as high temperatures, drought, and low or
erratic rainfall in sandy soils that severely affect
sugarcane production. To address these issues,
the KKFCRC has established the sugarcane
breeding program to develop new high sugar
yield varieties with high sugar content, or drought
tolerance under rainfed area in sandy soil of ISAN
region (Chanachai et al., 2023). Introducing these
new varieties will help reduce the genetic
vulnerability and epidemic risks associated with
the decade-long monoculture of the widely
planted DOA KK3 variety (Buakom et al., 2020).
Photosynthesis involves two linked stages: light
reaction in the thylakoid membrane and carbon

fixation in the stroma. These processes produce

primary intermediates 3-PGA in C3 plant and
oxaloacetate in C4 plant to synthesize carbohydrates
from ATP and NADPH. Therefore, light is the crucial
energy source for plant photosynthesis by three
critical attributes: light intensity, lisht quality, and
photoperiod (De Souza and Buckeridge, 2014;
Santos and Diola, 2015; Wu et al., 2025). Light is
limited by the natural day-night cycle, which
significantly affects daily photosynthesis, especially
during stressful conditions like drought (De Souza
et al. 2018). In sugarcane, drought stress directly
affects photosynthesis by reducing stomatal
conductance (gs), the net photosynthesis (A), or the
transpiration rate (E) (Buakom et al., 2020; Graca
et al., 2010; Jaiphong et al., 2016; Khonghintaisong
et al., 2017; Silva et al., 2013), which consequently
diminishes the accumulation of photosynthetic
products. (Wang et al., 2017). The highest carbon
dioxide exchange rate and stomatal conductance
occurred at midday (Du et al,, 2000). Sugarcane
consistently showed significantly faster stomatal
opening than closure over the diunal variation
(Suwannarut et al., 2023). In the sugarcane cv. ‘GT
42’, the net photosynthesis, stomatal conductance,
and transpiration rate began increasing after sunrise,
reached maximum between 09:00 and 10:00, and
decreased thereafter (Verma et al., 2020). Moreover,
Wang et al. (2022) indicated that the physiological
characteristics of drought-resistant plants can not
only be observed under water deficit stress but also
be determined by the plant's recovery process after
re-watering. Likewise, Aidar et al. (2014) reported
that drought-tolerant plants can immediately
restore physiological processes, resulting in

increased photosynthesis rates and further
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accelerated plant growth. According to photosynthesis
fluctuates diurnally under field conditions in
response to light, studies on the diurnal
photosynthetic patterns of Thai sugarcane clones
are limited. That knowledge represents one of
characteristics for selecting promising clones within
the rainfed breeding programs of the KKFCRC.
Consequently, this study investigated diurnal
photosynthetic parameters of mature Thai
sugarcane clones under drought and rewatering to
identify their adaptation strategies for survival

under adverse environmental conditions.

Materials and Methods

Plant materials and experimental conditions
Sugarcane cv. DOA KK3 and two promising
clones, KKO7-599 and KK3/E09-1, were selected
by the KKFCRC due to their high commercial
cane sugar (C.C.S.) and sugar yield, respectively.
(Chinnasaen et al., 2021), were used in this studly.
The experiment was arranged in a split-plot design
with three replications. Irrigation management
served as the main plot factor, consisting of two
treatments: well-watered and water-restricted
conditions. The sugarcane genotypes were assigned
to the suplots. In early January 2023, four 1.5-
month-old sugarcane seedlings derived from bud
cutting were planted per experimental unit in
cement blocks (80 cm diameter x 100 cm height)
containing 345 kg of Yasothorn soil collected
from the KKFCRC. The initial chemical properties
of the soil were as follows: pH 5.4, electrical
conductivity (EC) of 0.033 dS cm™, 0.32% organic
matter, 0.014% total N, 27.49 mg kg™ available P,

47.21 mg kg exchangeable K, and 280.53 mg kg’
exchangeable Ca. Chemical fertilizer grades
15-15-15 at rate of 312.5 kg ha® was applied
on planting date and at 60 DAPs. Drip irrigation
was supplied according to the sugarcane water
requirement calculated by the formula, ETcrop
= ETo x Kc, where ETcrop is the crop water
requirement (mm day™), ETo is the reference crop
water requirement (mm day™), and Kc is the crop
water requirement coefficient for sugarcane
(Paisancharoen et al., 2012). From 298 to 316
DAP, one group of sugarcane was subjected to 19
days of water deficit followed by re-watering
at 317 DAP, while the other group remained
well-watered throughout the experiment.
Photosynthetic parameters, daily climate, and
soil moisture content were measured. The
experiment was conducted under natural
environmental conditions in Northeast Thailand
at the KKFCRC (16°28’55.6”N and 102° 49’35.3”E),

Sila, Mueang Khon Kaen, Khon Kaen Province.

Meteorological data and soil moisture contents
(SMO)

Daily meteorological data including relative
humidity, total rainfall, and minimum and maximum
temperatures were recorded by the KKFCRC’s
weather station, located 1.5 km from the
experimental field, from 294 to 320 DAPs. Soil
samples were collected in triplicate at depths of
0-20, 20-50, and 50-80 cm for each sugarcane
genotype and irrigation management. Sampling
was performed at 297, 304, 311, 316, and 320
DAPs to determine soil moisture content. The soil

samples were weighed before and after drying
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in a hot-air oven at 120°C for 72 hours, and
the moisture content was calculated as per

Khonghintaisong et al. (2017) as follows:

soil moisture content (%)

= [(wet weight — dried weight)] x 100

dried weight

Photosynthetic parameters

Data were collected from November to
December 2023. Photosynthetic parameters were
measured in the second or third youngest, fully
expanded, healthy leaves with three replications
per sugarcane genotypes in each irrigation
management. Measurements were taken between
06:00 and 18:00 h at 2-hour intervals on sunny
days at 297, 316, and 320 DAPs, corresponding to
before water restriction (day 0), after 19 days of
water restriction (day -19), and 3 days after
re-watering (day +3), respectively. Photosynthetic
parameters including net photosynthetic rate (A),
internal CO, concentration (Ci), transpiration rate (E),
and stomatal conductance (gs) were measured
using an automated photosynthesis measurement
system (LCpro T Advanced, ADC BioScientific Ltd.,
Hoddesdon, UK). The chamber light source was
set at 1,500 ymol m?s! (Liu et al., 2020), whereas
the CO, concentration and temperature tracked

ambient conditions in each collection date.

Statistical analysis

The differences of photosynthetic parameters
between the average values of the water-
restricted and well-watered treatments at the

same variation times for each genotype were

compared using p-values of a t-test in a statistical

software package.

Results

Meteorological data and soil moisture contents

Daily climate data during the experimental
period are presented in Figure 1-A. Throughout
the experiment, the average minimum and
maximum temperatures were 20.5 and 31.7°C,
respectively, while the average relative humidity
was 68.6%, and the total rainfall was 0.4 mm. A
previous study reported that the SMC at the
permanent wilting point for sugarcane was 4.2%
at a soil depth of 0-20 cm (Paisancharoen et al.,
2012). Therefore, the SMC at three depth levels
were monitored during the water-restricted
period. After 19 days of water restriction, the
average SMC at depths of 0-20, 20-50, and 50-
80 cm decreased to 3.86, 4.68, and 3.82%,
respectively, whereas the average SMC of the
well-watered group were 7.62, 7.25, and
6.50% (Figures 1B-D). Since irrigation was
scheduled every seven days, the SMC was lowest
on day 316 and increased by day 320, three days
after re-watering. To avoid causing irreversible
damage to the sugarcane plants, the water
restriction period was terminated after 19 days
(on day 316), followed by three days of
rehydration to observe sugarcane recovery from
the drought stress. Moreover, on days 297, 316,
and 320, the sunrise times in Khon Kaen Province
were 06:09, 06:18, and 06:21 h, while the sunset
times were 17:36, 17:34, and 17:34 h, respectively
(The Thai Astronomical Society, 2023).

63



Journal of Agricultural Research and Extension 43(2): 59-77

Net photosynthesis rate (A)

Prior to irrigation management on day
297, all three genotypes experienced an increase
in net photosynthetic rates (A) from morning
through midday. The net photosynthesis rates of
all three genotypes peaked between 08:00 and
12:00 h at approximately 15 ymol CO,m™? s
before decreasing at noon (12:00 h). By evening
(18:00 h), the net photosynthesis rates dropped to
nearly zero (Figures 2A-C). On day 316, following
19 days of water restriction, all sugarcane
genotypes in the water-restricted (drought) group
exhibited significantly lower net photosynthesis
rates than their well-watered counterparts.
Notably, KK3/E09-1 showed a significant difference
between 10:00 and 16:00 h. Furthermore, the
net photosynthesis rates on this day showed a
declining trend from noon through the evening,
mirroring the pattern observed on day 297
(Figures 2D-F). After three days of rehydration (on
day 320), almost all sugarcane genotypes showed
no significant differences in net photosynthesis
rates between the well-watered and water-
restricted groups. The net photosynthesis rates
gradually increased from early morning to
midday, peaking at 08:00 h at approximately 10
pmol CO, m? s before slowly decreasing to nearly
zero by dusk (18:00 h) (Figure 2, G-I).

Internal CO, concentration (Ci)

The diurnal changes in internal CO,
concentration (Ci) for all sugarcane genotypes on
day 297 (before water restriction) revealed a
consistent pattern, peaking at approximately 400

pmolmol™ in the early morning (06:00 h). This

was followed by a rapid decrease to 100-200
pmol mol™? during the daytime (08:00 to 16:00 h)
and a subsequent increase at 18:00 h (Figures 3A-C).
On day 316, after 19 days of water restriction, all
sugarcane plants exhibited a similar internal CO,
concentration pattern: high at dawn (06:00 h),
dropping during the day, and rising again in the
evening (18:00 h). Generally, the internal CO,
concentration values under the water-restricted
were higher than those under the well-watered,
particularly between 10:00 and 18:00 h (Figures
3D-F). On day 320, after three days of rehydration,
the diurnal changes in internal CO, concentration
for all sugarcane genotypes followed a pattern
similar to that observed on day 297. No significant
differences were found between the well-watered
and rehydrated groups within the same varieties,
except for KK3/E09-1, which exhibited a significantly
higher internal CO, concentration in the well-watered
group than in the rehydrated group at 10:00 h
(Figure 3, G-I).

Transpiration rate (E)

On day 297, prior to irmigation management,
the transpiration rates (E) of all sugarcane genotypes
gradually increased from 0.58-1.37 mmol m? s’
at 06:00 h to a midday peak, with DOA KK3
reaching 2.63 mmol m? s'. Subsequently, the
transpiration rates declined toward zero, with an
average value of 0.20 mmol m? s by evening
(Figures 4A-C). On day 316, after 19 days of water
restriction, all sugarcane genotypes across
both irrigation practices showed an increase
in transpiration rates from 06:00 to 08:00 h.

Thereafter, the water-restricted groups experienced
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a continuous decline until 18:00 h in KK3/E09-1,
or showed a slight secondary increase between
14:00 and 16:00 h before dropping to nearly zero
at 18:00 h. Overall, the well-watered group
maintained significantly higher transpiration rates
than the water-restricted group, particularly for
KKO7-599 and KK3/E09-1. The highest transpiration
rate was observed in the well-watered group of
KKO07-599, reaching 2.08 mmol m?s! at 12:00 h
(Figures dD-F). Following three days of rehydration
(on day 320), the transpiration rates of all sugarcane
genotypes were nearly zero at 06:00 h. The rates
increased throughout the day, with the well-
watered DOA KK3 group exhibiting the highest
transpiration rate at 14:00 h, before retumning to

nearly zero by 18:00 h (Figures 4G-I).

Stomatal conductance (gs)

On day 297, prior to water restriction, the
stomatal conductance (gs) of KKO7-599 and KK3/E09-1
increased slowly from approximately 0.10
mmol m?s™ in the early morning (06:00 h) before

declining to nearly zero by evening (18:00 h).

Meanwhile, the stomatal conductance of DOA
KK3 increased slightly from early morning into the
daytime, peaking at around 0.10 mmol m? s,
before decreasing at 14:00 h and reaching nearly
zero at 18:00 h (Figures 5A-C). After 19 days of
water restriction (drought condition), the stomatal
conductance of all genotypes increased from
06:00 to 08:00 h across both irrigation managements.
The highest stomatal conductance values were
recorded at 08:00 h, ranging from 0.05-0.06
mmol m? s™ for KK07-599, 0.06-0.09 mmol m?s™
for KK3/E09-1, and 0.04-0.07 mmol m? s™ for DOA
KK3, followed by complete stomatal closure by
18:00 h. The water-restricted group consistently
maintained lower stomatal conductance values
than the well-watered group across all genotypes,
with significant differences observed at 10:00 and
14:00 h, particularly in KK3/E09-1 (Figures 5D-F).
Following three days of rehydration (on day 320),
the stomatal conductance of all genotypes was
nearly zero at 06:00 h, increased during the
daytime, and declined after 16:00 h, leading to
stomatal closure by 18:00 h (Figures 5G-I).

65



Journal of Agricultural Research and Extension 43(2): 59-77

") (B)
100 25 Soil depth: 0-20 cm
1 Well-watered Restrict-watered
T 8 20 12
EN =
& \/‘/_\/_/\/\/\/-\/\/v € :l:
€ 60 15E § :l:
c £ €
S = S 8 T 1
= E @ L
o a0 10 3 E 6
< r o T
[s}
g _———— E L ¥
g e 1
2
0 = 0 0
294 296 298 300 302 304 306 308 310 312 314 316 318 320 297 (0) 304 (-7) 311 (-14) 316 (-19) 320 (+3)
Date of planting Day after planting
I Rainfall e e e e T min TMaX —co— 0RH
Soil depth: 20-50 cm © soil depth: 50-80 cm (%)
14 . 14
Well-watered Restrict-watered Well-watered Restrict-watered
12 12
3:3 10 < 10
s s
€ €
3 ® ; g o
o
B 6 I T T S 6 J.
g T T L S T T
E - I E T T 1
@ 3 L
2 2
0 0
297 (0) 304 (-7) 311 (-14) 316 (-19) 320 (+3) 297 (0) 304 (-7) 311 (-14) 316 (-19) 320 (+3)
Day after planting Day after planting

Figure 1  Daily climate (A) and soil moisture content at various soil depths of 0-20 cm (B), 20-50

cm (Q), and 50-80 cm (D), (data are mean+SE) during conducting the experiment at
KKFCRC, Khon Kaen Province, on 5 to 27 November, 2023. The water-restricted period was
at 298-316 days after planting

66



25

20

A (umolCO,m?s™)

20

A (umolCO,m?s™)

20

A (umolCO,m™s™)

Figure 2

L9

A: KK07-599 (297 DAP; 0)

well-watered

——

+

6 8 10 12 14
Time of day (hours)

A: KKO07-599 (316 DAP; -19)

well-watered

5o

6 8 10

Time of day (hours)

A: KKO07-599 (320 DAP; +3)

well-watered

(A)

restrict-watered

(D)

restrict-watered

restrict-watered

Time of day (hours)

25

20

20

20

A: KK3/E09-1 (297 DAP; 0) (®)
25
well-watered restrict-watered
20
15
I = = 10
T
L 5
- \
= 0
8 10 12 14 16 18
Time of day (hours)
A: KK3/E09-1 (316 DAP; -19) (B)
well-watered restrict-watered 20
15
10
5
0
8 10 12 14 16 18
Tome of day (hours)
A: KK3/E09-1 (320 DAP; +3) (H)
20
well-watered restrict-watered
15
10
5
0

Time of day (hours)

A -(297 DAP; 0) (@)}

well-watered restrict-watered
I
x
6 8 10 12 14 16 18

Time of day (hours)

A -(316 DAP; -19) (F)

well-watered restrict-watered

Time of day (hours)

A -<320 DAP; +3) )

well-watered restrict-watered

i

——

——
=

Time of day (hours)

Diurnal net photosynthesis rate (A) of KK07-599, KK3/E09-1, and DOA KK3 on day 297 or before water restriction (A-C), on day 316 or after 19 days of water

restriction (D-F), on day 320 or three days after rehydration (G-1). (“Mean followed by different letters in each day are significantly different by p-values of a t-test,

*=Significant at p<0.05, **=Significant at p<0.01.)

11-6G (Z)gh UOISUDIXT pue Uyd1easay 1einndusy Jo 1euinor



89

500

400

300

200

Ci (umolmol™")

100

500

400

300

200

Ci (umolmol™")

100

-100

500

400

300

200

Ci (umolmol ™)

100

Figure 3

Ci: KK07-599 (297 DAP; 0) (A)

‘l‘ well-watered restrict-watered

o
o+l 7

r -
——— -

b

6 8 10 12 14 16 18

Time of day (hours)

Ci: KK07-599 (316 DAP; -19) (D)

well-watered restrict-watered

Time of day (hours)

Ci: KK07-599 (320 DAP; +3) (G)

well-watered restrict-watered
. L
e+ ’{/
pe = =
6 8 10 12 14 16 18

Time of day (hours)

500

400

300

500

400

300

200

500

400

Ci: KK3/E09-1 (297 DAP; 0) (8)

well-watered restrict-watered
%

Time of day (hours)

Ci: KK3/E09-1 (316 DAP; -19) (B)

well-watered restrict-watered

b
I
6 8 10 12 14 16 18
Time of day (hours)
Ci: KK3/E09-1 (320 DAP; +3) (H)
well-watered restrict-watered
T
1
a*
- T ’?/
b
6 8 10 12 14 16 18

Time of day (hours)

500

400

300

200

100

500

400

300

200

100

500

400

300

200

100

Ci: -(297 DAP; 0) (@)

well-watered restrict-watered

T I

Time of day (hours)

cit -(316 DAP; -19) F)

well-watered restrict-watered
T
T i
N
! T
= F
I
-
L
b
6 8 10 12 14 16 18

Time of day (hours)

Ci: -<320 DAP; +3) 0

well-watered restrict-watered

n7Z
F
-
-
t
——

6 8 10 12 14 16 18
Time of day (hours)

Diurnal Internal CO, concentration (Ci) of KK07-599, KK3/E09-1, and DOA KK3 on day 297 or before water restriction (A-C), on day 316 or after 19 days of water

restriction (D-F), on day 320 or three days after rehydration (G-1). (“Mean followed by different letters in each day are significantly different by p-values of a t-test,

*=Significant at p<0.05, **=Significant at p<0.01.)

1165 (2)¢h UOISUIXT puB UDIeasay |ein}NduSy JO 1euinof



69

E: KK07-599 (297 DAP; 0)
4.00
well-watered restrict-watered
3.00
K
£
£ 200 r T %
T
E ka T + o
w T
1.00 4
0.00
6 8 10 12 14 16
Time of day (hours)
E: KK07-599 (316 DAP; -19)
well-watered restrict-wat
3.00
a
> 2.00
R
E
g
£ I
o 1.00 V3
b
= L
0.00 = b
6 8 10 12 14 16
Time of day (hours)
E: KKO7-599 (320 DAP; +3)
3.00

well-watered restrict-watered

2,00
)
s :F* -"
[s}
: I
o 1.00 1 :I:
£
0.00 =
6 8 10 12 14 16

Time of day (hours)

=

(A)

o

@®

3.00

2.00

1.00

0.00

3.00

1.00

0.00

3.00

2.00

0.00

E: KK3/E09-1 (297 DAP; 0) (B)

well-watered restrict-watered

—
b \f\i

6 8 10 12 14 16
Time of day (hours)

/.

E: KK3/E09-1 (316 DAP; -19)

well-watered restrict-watered

6 8 10 12 14 16 18
Time of day (hours)

E: KK3/E09-1 (320 DAP; +3)

(H)

well-watered restrict-watered

Time of day (hours)

® o

3.00

1.00

0.00

3.00

2.00

1.00

0.00

3.00

2.00

1.00

0.00

E -<297 DAP; 0) ©)

well-watered restrict-watered

6 8 10 12 14 16 18
Time of day (hours)

E: -(316 DAP; -19) )

well-watered restrict-watered

I
T
1 I

6 8 10 12 14 16 18
Time of day (hours)

E: (320 DAP; +3)
poaric] 0

well-watered restrict-watered

Time of day (hours)

Figure 4 Diurnal Transpiration rate (E) of KK07-599, KK3/E09-1, and DOA KK3 on day 297 or before water restriction (A-C), on day 316 or after 19 days of water restriction

(D-F), on day 320 or three days after rehydration (G-1). (“Mean followed by different letters in each day are significantly different by p-values of a t-test, *=Significant

at p<0.05, **=Significant at p<0.01.)

11-6G {(2)¢h UOISUDIXT pue UDIeasay 1ein}ndudy JO \euinor



0L

gs: KK07-599 (297 DAP; 0) (A

0.20
well-watered restrict-watered
;U)
E
©0.10
E
= T o T
: - : I \K
=
0.00
6 8 10 12 14 16 18
Time of day (hours)
gs: KK07-599 (316 DAP; -19) (D)
0.15
well-watered restrict-watered
<010
@
E
o
€
E
28 0.05 A
I
Z 1 i
0.00 -
6 8 10 12 14 16 18
Time of day (hours)
gs: KK07-599 (320 DAP; +3)
well-watered restrict-watered
0.10
< 0.05
K
£
[s}
£
E T
2 0.00
6 8 10 12 14 16 18
-0.05

Time of day (hours)

0.20

0.10

0.00

0.15

0.10

0.05

0.00

0.10

0.05

0.00

—

gs: KK3/EQ9-1 (297 DAP; 0) (B)

well-watered restrict-watered

I = L
=
£
=
8 10 12 14 16 18
Time of day (hours)
gs: KK3/E09-1 (316 DAP; -19) (E)

restrict-watered

well-watered

8 10 12 14 16 18
Time of day(hours)

gs: KK3/E09-1 (320 DAP; +3)

(H)

well-watered restrict-watered

Time of day (hours)

0.20

0.10

0.00

0.15

0.10

0.05

0.00

0.10

0.05

0.00

——

[

o

@

. -<297 DAP; 0)

well-watered

8 10 12 14

Time of day (hours)

gs-(31 6 DAP; -19)

well-watered
a*
il T T
T
J- L
b
8 10 12 14

Time of day (hours)

(@

restrict-watered

: %\Pﬂ:\

16

(F)

restrict-watered

16

gs: -(320 DAP; +3)

well-watered

8 10 12 14

Time of day (hours)

Figure 5 Diurnal Stomatal conductance (gs) of KK07-599, KK3/E09-1, and DOA KK3 on day 297 or before water restriction (A-C), on day 316 or after 19 days of water restriction (D-F),

restrict-watere

-

16

on day 320 or three days after rehydration (G-I). “Mean followed by different letters in each day are significantly different by p-values of a t-test, *=Significant at p < 0.05, **=Significant at p<0.01.)

0}

1/-6G (2)¢h UOISUDIXT pue UDIeasay 1ein}ndudy Jo \euinor



Journal of Agricultural Research and Extension 43(2): 59-77

Discussion

Photosynthesis primarily produces oxygen
and sugar, providing organisms with essential
carbon and energy. Because sugarcane directly
stores sugar as sucrose within stalk parenchymatous
cells, improving sucrose yield requires breeding
programs to develop cultivars that can both
accumulate sugar rapidly and maintain a high
accumulation content throughout the growth
cycle. This includes the mature growth stage
(days 286-375), during which the continuous
transport of sucrose to the stalk is maintained
(Paisancharoen et al., 2012). Photosynthesis is
resulated by the photoperiod, or light exposure
throughout the day-night cycle, which drives daily
fluctuations in photosynthetic activity. Furthermore,
other environmental factors influence photosynthesis
particularly water availability, which fluctuates
with climate change and leads to water deficit or
drought stress. Additionally, the ability to tolerate
water deficit varies across different sugarcane
genotypes. Gomathi et al. (2011) reported that
drought-tolerant sugarcane genotypes (Co99004
and Co099008) transpired less water and
maintained relatively higher photosynthesis rates,
resulting in significant improvements in growth
attributes.

On day 297, all experimental units received
irrigation based on crop water requirements. The
initial net photosynthesis rates at 06:00 h for all
sugarcane genotypes were approximately 5.00
pmol CO, m? s, while the transpiration rates and
stomatal conductance values were above 1.00

and 0.10 mmol m?s?, respectively. These findings

suggest that sugarcane is capable of performing
photosynthesis as soon as it receives suitable
lisht, even during the early morning hours. This
high initial activity may be attributed to the
sufficient soil moisture content present in all
irrigated managements. Water serves as the
electron donor for the electron transport chain
(ETC) from photosystem Il (PSII) to PSI, ultimately
producing NADPH and ATP to drive the carbon
reduction cycle. In this study, although the
sugarcane plants were exposed to a constant
light intensity of 1,500 umol m™s™ during the
measurements, diurnal variations in photosynthetic
parameters fluctuated across all genotypes. The
net photosynthesis rate, transpiration rate, and
stomatal conductance tended to peak in the
morning or midday (08:00 to 12:00 h) and
declined thereafter, whereas the internal CO,
concentration was high at dawn (06:00 h) and
dusk (18:00 h), remaining stable between 08:00
and 16:00 h.

Generally, plants possess an endogenous
timer known as the circadian clock, which
regulates metabolic processes in accordance
with the diurnal patterns of gene expression,
including those in photosynthetic and related
systems. Stomatal conductance typically increase in
the morning and decrease in the afternoon,
whereas the net photosynthesis rate peaks at
midday. However, the exact timing of these peaks
varied in a species-specific manner (De Dios,
2017). Moreover, stomatal conductance was
often lower in the afternoon than in the morning
because stomatal closure is more sensitive to

abscisic acid (ABA) during the afternoon due to
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interactions with clock-component genes (Seo
and Mas, 2015). In accordance with other reports,
Verma et al. (2020) reported that diurnal climatic
variables such as photosynthetic photon flux
density (PPFD) and vapor pressure deficit (VPD)
were low in the morning, elevated during daylight
hours (particularly at 15:00 h), and declined by
evening. Conversely, relative humidity (RH) and
ambient CO, concentration were high at dawn
and dusk but decreased during the daytime.
Likewise, Du et al. (2000) observed that the
diurnal patterns of photosynthetically active
radiation (PAR), carbon dioxide exchange rate
(CER), and stomatal conductance peaked at
midday, indicating that photosynthesis in
sugarcane was almost completely regulated by
sunlight.

After 19 days of water restriction, the
water-restricted sugarcane groups exhibited
distinctly lower net photosynthetic rates,
transpiration rates, and stomatal conductance
than the well-watered group across all genotypes.
This reduction occurs because plants close their
stomata during drought to conserve water, which
subsequently limits photosynthetic activity
(Chaves et al., 2002; Gupta et al., 1989).
Consistently, Silva et al. (2013) found highly
significant  positive correlations under water
deficit between net photosynthesis and stomatal
conductance (r=0.96, p<0.01), as well as between
net photosynthesis and transpiration (r=0.93,
p<0.01). Similarly, Leanasawat et al. (2021) reported
that the net photosynthesis rate, transpiration
rate, and stomatal conductance of sugarcanes

genotypes under soil field water capacity (FWC)

exceeded those under 50% field capacity (FC) or
rainfed conditions. Specifically, for genotype DOA
KK3, the net photosynthetic rate was 36.76
pmol CO, m? st under FWC, but dropped to 35.35
and 25.23 umol CO, m? s under 50% FC and
rainfed conditions, respectively; corresponding
transpiration rates were 3.47, 2.13, and 2.82
mmol H,O m? s™. This result concerted with
Gomathi et al. (2011), who reported that the net
photosynthesis rate of sugarcane under well-
watered conditions exceeded that under drought,
at 1849 and 12.21 umol CO, m? st respectively;
corresponding transpiration rates were 1.78 and
1.51 mmol m? s. Notably, sugarcane genotypes
capable of maintaining their photosynthetic
potential under water deficit are classified as
drought-tolerant (Ribeiro et al., 2013). Carbon
fixation, a key photosynthetic reaction, involves
carbon dioxide fixation by ribulose-1,5-bisphosphate
(RuBP) catalyzed by ribulose-1,5-bisphosphate
carboxylase/oxygenase (RuBisCO) to produce
carbohydrates (Osborne and Sack, 2012). In this
study, the diurnal internal CO, concentration was
higher under water deficit than under well-
watered conditions. This could be attributed to
drought-induced water limitation, which disrupts
the electron transport chain (ETC) in (PSII), given
that water serves as the primary electron donor
for PSIl via the oxidation process (Lawlor and
Comic, 2002). Similarly, Silva et al. (2007) concluded
that drought stress reduced the photosynthetic
efficiency of PSI, thereby decreasing the production
of chemical energy (ATP and NADPH). Consequently,
this insufficient energy supply restricts the

regeneration phase of the carbon reduction
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cycle, limiting RuBP availability for carbon dioxide
fixation.

Three days after rehydration (on day 320),
the diurnal patterns of stomatal conductance
in most water-restricted groups resembled those
of the well-watered group. Similarly, net
photosynthesis rate, transpiration rate, and
internal CO, concentration showed no significant
differences compared to the well-watered control.
Following rehydration, sugarcanes uptake water
to restore cell turgor, which triggers stomatal
opening and maintains transpiration rate for gas
exchange (Graca et al.,, 2010; Dos Santos et al.,
2014). Sugarcane cv. DOA KK3 has been widely
reported as a cultivar capable of rapid drought
recovery upon rehydration (Buakom et al., 2020;
Namwongsa et al., 2019). In this study, the
promising clone KK07-599 and DOA KK3 exhibited
robust recovery with high stomatal conductance
values, whereas KK3/E09-1 maintained low
stomatal conductance, transpiration rate, and net
photosynthetic rate under both well-watered
and rehydrated conditions. Graca et al. (2010)
reported that sugarcane cultivars varied in their
photosynthetic parameters under water deficit,
with tolerant cultivars (SP83-2847 and CTC15)
maintaining higher PSII efficiency than the
sensitive cultivar (SP86-155). At 8 days after
rehydration, CTC15 and SP86-155 showed slight
increases in photosynthesis rates; by day 10, all
cultivars presented high photosynthesis rates
compared to the water-deficit condition, with
SP83-2847 demonstrating the best overall
performance. Similarly, Dos Santos et al. (2014)
found that RB92579 and SP81-3250 showed high

stomatal sensitivity and reduced PSIl under
drought. Beyond genetic variation, the recovery
duration (days after rehydration) also plays a
critical role in restoring photosynthetic activity.
Photosynthesis can recover immediately upon
re-watering (Dinh et al., 2019); for instance, sugarcane
cv. RB962962 subjected to an 8-day water restriction
rapidly restored its photosynthetic activity by the
second day of rehydration (Medeiros et al., 2013)."

Conclusions

Although this study did not assess all
drought-tolerant sugarcane genotypes, survival
under water deficit was clearly linked to stomatal
closure as an adaptive mechanism against water
shortage. For all genotypes, the net photosynthesis
rate, transpiration rate, and stomatal conductance
increased from morning to midday and subsequently
declined toward evening. Conversely, internal CO,
concentrations peaked at dawn and dusk,
remaining low and stable during the daytime.
Under drought conditions, sugarcane exhibited
reduced photosynthetic parameters but elevated
internal CO, concentrations compared to the
well-watered condition; however, after rehydration
for 3 days, these parameters returned to levels
similar to those of well-watered plants. Furthermore,
understanding these diurnal variations in
photosynthetic parameters provides strategic
directions for sugarcane cultivation, such as
optimizing irrigation scheduling during peak
stomatal opening in the morning to maximize
transpiration and photosynthesis. Nevertheless,

further research is required to elucidate the direct
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relationship between photosynthetic efficiency
and sugar accumulation to enhance sugar yield
and establish robust selection criteria for

sugarcane breeding programs.
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This study aimed to compare the yields of water meal (Wolffia sp.) Cultivated in feed formulas
containing different levels of organic rice straw fermentation the liquid as an ingredient, and water
quality in the cultivating ponds. The experiments were conducted using a Completely Randomized
Design (CRD) divided into three treatments with three replications each. Treatment 1 used 5 g of NPK
(16-16-16) fertilizer (control formula), while 50 and 100 ml of organic rice straw fermentation liquid were
used for treatments 2 and 3, respectively. All treatments used 50 grams of fresh water meal and 50 liters of
water in a circular cement pond with a surface area of 0.442 m?, and the study period was 8 days.

The results showed that the yield of water meal and water quality were not statistically different
at the 95 percent confidence level (p>0.05). Therefore, there is a possibility of using organic rice straw
fermentation liquid to replace chemical fertilizers in the production of organic water meal for human

and animal’ food in the future.

Keywords: Wolffia sp., organic fertilizer, rice straw fermentation liquid, water meal production
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lassadaseudy wavanunsaduiuguuulidondeine
(Braglia et al., 2021) wuluumastnmusssud Wy
muos T3 vieunanings susadudeddevie
wiisadginauvieiiounay diduniuaudnans 0.5~
1.5 ua. lifisin Tnealannuiisrunueidauinds
11 wiia (lvan and Katya, 2013; Appenroth et al.,
2018) uAWULES 2 ¥Un Ao Wolffia arrhiza (L) wag
L) Tuniangiuseniduuniouay
2009;

W. globosa (
At evesUseindalng (Rodroil et al.,

Rodroil et al., 2012; Ruekaewma et al., 2015).
. (2022) Tuwn
W. arrhiza wuinfisssiumnudu 95.18+0.07 184
dhmdnan (FW) Usinedusiiu 50.89+0.56% lusfu
6.07+0.30% A15lulatasy 31.33+0.27% wasian
11.7120.46% wosimnuis (DW)
uenanigiinsaexily 18 wia uavUsun

91NN15ANYI1Y89 Zhubin et al

nsmeviilutiavun (TAA) 42.9+0.50% vasiminuis
(OW) dndruvesnsnozdlusuduiionua (TEAA) Tu
TAA w83 W. arrhiza 8¢ 33.70+0.30% #1031
nsmozdlulisnduionun (TNEAA) 66.30+0.30%
agallded1Any (p<0.05) wasdanuuTuuiluedn
wazNalIueeATINGININNIN WAl ueuYa
Saizﬁm (antioxidant) annnInluaInseLnNaeIves
(Somboon, 2015) WnuazNvnadiulug wu Nzsy
(Tan et al., 2014) wazdand (Gougoulias, 2015)
udu E]ﬂwgﬂﬁﬁ’liLUGT’]—F'HISVTUIUU?@J’]MQQ
(Rowchai and Somboon, 2007) n15tU3suLiigu
A A MelnguINITTeIR A UINS 0 AT 18710
ns@nwwesdudu fIdedeeseinse Yawsy
Tnglumnnsidsdugnsomanieanmuwinden
Fuansatufeednarlifiasddyuansaiu et
W. arrhiza 3sfifnanngslunisiuenmsvesuyud
(Hu et al., 2022) wavaunsavnldidesdad Wy
Uainn (Ketkaew and Innoon, 2022) Janmgiineu
913 (Mani et al., 2021) Yannsguwn (Munkit, 2518)
Ua1med (Raksaphram and Ratchaphimon, 2018)
wazUanlu (Matchakeo et al., 2015) \udu
nnsfnudadeiidnadonsaiyduln
Y931 (W. arrhiza (L.) Winn.) 989 Rowchai and
Somboon (2007) Tagd5198AMELINADUVDILUES
sfladnussuralufiuiionens fusenidsanie
Nu31A1ALduNTA-Ag (pH) YoeuAB UG 196
(pH<7) ustunastndililvnandnudaiinn pH>7 uay
wuiteiing uuzlu uanmniﬁ,wéaﬁfﬂﬁmﬁﬁm
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91MINYATURIUkazANY Sl eane Taglaniy
Usinaweuludelulasautazesslsweamnasudig
a9 3revilvasydulelas (Somboon, 2015)

nmsAnsdadedfnaneniswsydule
v ludesuguanisernisidaves
Phanwanichdamrong (2009) WUIIWH8#I1N1S
wiiulaafigaidiodsdduiussuniifuds NPK
(16-16-16) 58/U 100 1a./a. HAIAMAMUIUI
Usznsfimunzanlunisias vl wu aadu
3A-A13 (pH) 5-6 AIAINLNTEA19ENNTT 100 11A./A.
wazAMLULAIUSELINE 5,000-10,000 &N v
Sanwila (1999) AnwUseuisunisiasaaule wag
Usmalusiuvesifinzd vilugnsomauas
AU ULAILANG A Imﬂ%’ﬁmﬁﬂmﬂyjai’maz
wanszle Adenudatusinaiu 3 seau Ae 25, 35 uax
45 n./a. aelannudunas 50 waz 100% lag
wngidsdluefuuinssnanvuinduiiugugnans
74 %531, g9 50 wl. ussgiin 50 a. (Huna 12 %
wu i find ssludivsnyatadudu 45 n/a.
Tuanmmauduues 100% dmswiaivln dmdnan
(10d® 404.023 N./MUIENAR) kAZUIMTALTS
(lnd® 8.772 n/vudemAans) gafian diusi
ingid sedotminygatudutu 35 n/a. Tuanin
AduLas 50% GUsialusiu (nde 30.213%)
qafign

w1997 (rice straw) AD @IUVDIAUTI?
fmdendnmaiuieiuazuineudaesnuda
LU 9071798 UT UM 0 TVE NKALEIN DI TTO
seid Tulnsiau (N) 0.59% Woanesa (P) 0.08%
Inunatden (K) 1.56% waatdou (Ca) 0.38%
wunden (Mg) 0.23% wazniuzau (S) 0.08%
(Terra-Gro Fertilizer Co., Ltd., 2023) §lUsfu e
91715 hazwaawasa (Spring Green Evolution Co.,
Ltd., 2023) wazUsuIuAISUBu anun 39.2%

WAL EY 262 Un./nn. wavluiAen 366 un./nn.
(Abdelhamid, 2004) Fas19fananilanuddasio
mMaasaivlsvesiiy Tnemlununsnsazimie
unlfUselominsnsinuns wu 16 urhanquiiile
Auaugudu Mdesdnt i evtnudelonau
ansaifindunidingiiduunasormsuazndany
Tiiugdunigniduusslovidlufiu nanisuseus
inwnsnslivinduundsemsliiudamiofizondy
WyUAIY015UAN (fish sandwiches) tagldnnedna
sestufufmdnuaznsaduiuyadniviotenen
v 9 vinamuvevdaides ielmiduundsams
Tofudanileglute (Sodkomkham, 2024)

W19t 1BunIddAuantAnanmToun1at
ialU e afivildnnadnBunidunnsing fe lai
ansiadandsngrsiuuamiedoind Jadsmadse
szuviindlufiuuazanniuidssdogunm Tuvaed
W nildldunidenadiansiaiinndng (Suphanburi
Provincial Agriculture Office, 2025) 31nAMANURA
Y9N 1981R9na1IUsENBUAUEI LT Anwinaaedly

Y
1% v

drmtanaedannwazid e wady 1uided
i¥nnusvasd@nuianuduldldlunisldimgn
yhstdunidiiionaunuoiadlunismng deseh
(Wolffia sp.) LﬁaL‘f’Ju%’auﬂaﬁugwﬂumﬂ%ﬂidmﬁ
9179t en 15z sak Uaonan Al nde

a

sunideialuluauian
4 ad
gUnInULAZIdNS

MSLASENL
nsosUssldeinseuarUsTgUn Y

nsnsesasludsiignsazenn Gummmia;ﬁﬁ 1,000 @ns

$1uau 1 & Wil 5 Sudeudanldlunisisey

P19 19917 wazd lANNSUNISINZLALaRD
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mMswseutvsinvedng

W38 uvsglasumNeATIZRAINE
WYANERS AMELNYASAEns Lavinalulad
W Inerdenalulagsvaeaadany Inenungsuns
vmsiurhedlnduiugn 9 winduiiiuns
wnludasrdneddi (1:5) sl 5w 2
FUn9 serinensudnyinsaualeldwisuaznau
yhadnann 4 2 adadedunii ieasufmuanisuiin
ynisnsestmdnnsdan et Ul duewis
Tunsinzidesi

ASLAIYNADEN19E

§298 190 A 91NN1559UTINIINLWE 117
5350A I UNM AN unalulagsnvuenaday
Ingnunaiun dadendsiuzuuiui W wwevgh
ntuthidsiienn 3 ads ldnsydeumaiel

azipninnautunlgvinnisveass

N15UNUNTNARDY

TIUHUNITNARBILUUE HaANY, 0]
(Completely Randomized Design: CRD) wuseenidu
3 YANTNARBY 9 ag 3 %1 fail

yanpaosd 1 198 NPK (16-16-16) 5 0./50
an35 (Modified from Phichit Freshwater Aquaculture
Research and Development Center, 202 1,
Somboon, 2015)

yan1snaaesd 2 Mdivsinisdidunss
50 wa./1 50 A

yanaaesit 3 T mnadndunid
100 118./441 50 A

IR UTLIUBTLUUANTINAUVUIALAUN Y
AUENA1Y 75 B, g9 50 Fa. (VuIARuAiAL 0.442
P33.) T1UIL 9 Yo AuFILIL T duuaz I
$1uau 50 dns Ao IMNTUSENBUMEEATT 1, 2 Uaz
3 999YANITNAADIT 1, 2 Uy 3 MUY Y NYn

Msneaadldeinsuau 50 N5Y Tdszeznamaassaes
8 1u s U UANM IR esdR iU anvivUseus
AMELNEATANERNS haznAlulad Yu1Tnese

wAlulagsuueeadanu Ingunasuns

maiutayauaznisinizidoya
AATILAUNIN
Ausegrninoudewasyn 2 Tu naon

SHMINMTNIE B ﬁmﬁmiwﬁf]ﬁa@mmwﬁﬁ

U19Usens b Anadunse-ang (pH) wazgaumal

v
o

(temperature: °C) A 284A5 83 0T 1ATIZY 1M
Multifunction 31 EZ-9909 5 inl A1AI14NTEA
(hardness) Anluwmsm (nitrate) wazlulas (nitrite)
FemineTiisgitindsay (test kit) AQUAVBC
nsiiudayanananlvdi
demnzidssihasu 8 fu fiususiunanan
fdenszreuma Neliaunseitasiiinn Sadmh
finsedldvosusiazyetauimin Gﬁayjaﬁmﬁfﬂﬁlﬁ Ao

ANMNMUNHANAARANYDILARLYANTNAADY

nsAATIzvidaya

SloAuannismeassihdeyanananiiae
A1UkUTUTIU (One Way Analysis of Variance:
ANOVA) A8LHUNISNARBILUUE Nauysal uag
WisuilauauuanasuesALeausieds Honestly
Significant Differences (Tukey’s test HSD) i 536U
Aandesiu 95% Tnelilusuunsudisagy IBM SPSS
Statistics V.26

NENT1INAEBY

PNMIANYINANARNITINZLERHN (Wolffia
sp.) #1288 A50 M1 37 AU NN 17 SEAY
UANFINAUA 50 Way 100 ua./41 50 ans (0.442 As.al.)

fa o

lagiUSeuisuiugnsnisidesivesqudifeuas
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WaUIN15m12La sednd U1 anaas (Phichit
Freshwater Aquaculture Research and Development
Center, 2021) uay Ketkaew and Rakthai (2021)
wamsAneeselud

NANARAN
NaKE AR LA 096281 8 NPK (16-16-16)

5 03U (@nsAruaw) Uminn1ed1a8unsd 50 wa.

waz 100 1a. WU ldnanAnERae 147.79445.15,
108.84+61.31 Waz 92.65+30.33 N$11/0.442 #5.4 &9
HANAREANT UIRSE 295.58+90.30, 217.6+122.62

=3)

LAY 185.30+60.66% HIUANNU LIDIAITILHN19ED

[

WU NakamE bl AuLansneiuegeldedn

2

N9aaf AT oy 95% (Table 1) Tneiiae
Tu229 92.65+30.33-147.79+45.15 N53/0.442 5.4
e 185.30+60.66-295.58+90.30% ANUA1AU

e e

Table 1 The average yield values of water meal (g) during the cultivation with different feed formulas

for 8 days
Feed formulas Initiate  Average yield Average yield p-value
(g/0.442 m?) (%)
NPK (16-16-16) 5 ¢ (control) 50 147.79+45.15%  295.58+90.30 ° 0.5989
50 ml of organic rice straw fermented liquid 50 108.84+61.31°  217.68+122.62° 0.3865
100 ml of organic rice straw fermented liquid 50 92.65+30.33°  185.30+60.66 ° 0.9092

Identical letters on the same line are not statistically different at 95% confidence (p>0.05).

qmmwﬁﬂmeﬂizmi

A dunsn-aa (pH) i Tudaidsai
i lde1m15gnsa 1 U NPK(16-16-16) 5 n¥u
Tuuisudu Jufl 2, 4, 6 uaz 8 fe 6.78, 7.44, 7.62,
801 uar 7.70 1om15gAs 2 Wrnsnnnedn
3u36 50 wa. feanudunsa-rnaads 7.20, 7.51,
7.82 uay 7.55 uarldormsgnsd 3 thndariadin
5un3d 100 wa. dArAnudunsa-anuade 7.20,
7.60. 739 uay 7.29 muasu Wiedinsnginieaa
wuakanaar lidanuienaeiueg19ildedAey
msaddnienandesiu 95% lasflareglugie 6.78-
7.70 (Table 2)

Agangiiads (o) lulefidsuhdogns
91m157% 1 #2878 NPK (16-16-16) 5 N5 (409

AIUAL) TuSuiSudu Suil 2, 4, 6 uas 8 Tgunqdl
\ad 8 3220, 33.60, 33.45 uay 32.75°% 1901113
gnsit 2 dhnsfnedniBun3d 50 ua. fidgmgd
LQS’EJ 33.21, 35.45, 33.00 Lag 34.20°% warlte1umns
gasi 3 mitnnnsd1adunsd 100 wa. Ta
QEUMQﬁLQgSJ 32.45+0.00, 33.60+2.69, 32.85+1.06
Laz 32.80+1.56°% A1uasU Ll o3iATzineadf
wudwandnrliinnuuanseiunisad i aanu
1§ o3y 95% lnef Aoy lugag 33.21-35.45%
(Table 3)

YNYANISVAABAEAIAIINNTEAR (hardness)
100 wa./a. wazldanunsansranumluwsv (nitrate)

wazAlulnm (nitrite)
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Table 2 The average pH during the cultivation of water meal with different feed formulas for 8 days

Feed formulas Average pH
Start Day 2 Day 4 Day 6 Day 8
1 (Control) 6.78+0.60° 7.44+0.06° 7.62+0.08° 8.01+0.42° 7.70+0.28°
2 7.20+0.20° 7.51+0.59° 7.82+0.53° 7.55+0.06° 7.60+0.49°
3 7.20+0.09° 7.64+0.34° 7.39+0.21° 7.29+0.45° 7.62+0.60°
p-value 0.34 0.82 0.35 0.12 0.95

Identical letters on the same line are not statistically different at 95% confidence (p>0.05).

Table 3 The average temperature (°C) during the cultivation of water meal with different formulas

for 8 days

Feed formulas

Average temperature (°C)

Start Day 2 Day 4 Day 6 Day 8
1 (Control) 32.00+0.84° 33.60+2.90°  33.45+0.99*  32.75+1.48%  32.20+0.78°
2 33.21+0.00° 35.45+2.02°  33.00+1.14°  34.20+0.85%  33.47+0.58°
3 32.45+0.00° 33.60+2.69°  32.85+1.06° 32.80+1.56*  32.75+0.81°
p-value 0.24 0.62 0.78 0.38 0.52

Identical letters on the same line are not statistically different at 95% confidence (p>0.05).

A50lNan1sNAag

nan1snaaond e lagldindnnnedg
SunIT 50 uaw 100 wa./1h 50 Ans (0.442 5.1,
Lﬁammmuﬂamﬁ NPK (16-16-16) 5 A1/ 111 50
803 (0.442 n3.) 1Hunan 8 Yu wuiwandnsiade
7i\a sadagtminiad s unddianeg lut
92.65+30.33-108.84+61.31 NT1/0.442 A5.4 Lay
WAoadaule NPK (16-16-16) Ale 147.7945.15
N33/0.442 95.3 wazHaKARRYNgRTeIMTlifiAY
uwanensfueeeitedfynisadffianudosiu 95%
Fanvimandad it 1a8unssiinanan

HLaa olnatAganun1snnassvad Ketkaew and

Rakthai (2021) #i8 100.51+6.51 N3y Fuduedag
Juwad A Usznounlswmad@eulumsn (calcium
nitrate) 0.970 NA. LALLAAN-BRRLEULE (Fe-EDDHA)
0.082 nn. azareluu 5 aa3) wazy wiad B
Usznaumeliunaidoulunsy (potassium nitrate)
0.192 nn. wuni@eudaia (magnesium sulfate)
0.279 an. Tululdunaidouveaiwa (mono
potassium phosphate) 0.11 NN.Laza51% (micro
element) 0.012 nn. avanglui 5 ans lulsadeu
nanawdsAsladunan 10

AN SEIIN N A B d BT
an37l 1 (gnsmuan) dansziuanudunse-ana (oH)
Y9581319 6.78+0.00-8.01+0.42 uargan)ilvyls
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5¥MI19 32.20£0.00-33.60+2.69°% Tuauedi ¢
flneidsadagomsgasi 2 ferseduaudy
N3A-A13 (pH) 293581979 7.20+0.00-7.82+0.53 Lay
auniu1919529919 33.21£0.00-35.45+5.02°%
uazldemsgnsd 3 Terseiunnandunsa-aa (pH)
¥295¥%319 7.20£0.00-7.64+0.34 uazgunyil
YI95¥71319 32.4520.00-33.60+2.69°% A1UAIAU
dupIAINSEANS (hardness) SifN 100 3@./a. WWNYA
MnAaed wagldansansianueilunm (nitrate)
warlulas (nitrite) vaenyAn1INARLS

Moon (2025) $18471U1H1&1U150

a a

Wiiulaladlugae pH 6.5-7.5 Fadudinans
AmngaudviunszuIun1sgaduas mnen pH
AuAuld (pH<6) nioguiuld (pH>8) 919%inTH
AINAILTIT0IUNTTAIUATIZALAILAS UATUDA BY
YN INNTRTYAUlN nstlgamniinnnisany
294 Landolt and Kandeler (1987) 518914376110
W. arrhiza azmemnidesiignmgd 30° Tuan
14-20 Fu wazigaumndl 35 lunan 6-10 Yu ey
WigAulelARfigumgiindsnaentiuszinm 32-33°
wazA1AaLd unIn-A1a (pH) 939 3.5-10.4 Tuvmued
Phanwanichdamrong (2009) Na1711A1ALNTEAN
(hardness) v04117 s ulale A A lugas
0-150 wa./a. (CaCOs) F991nnsmeassnded n1s
wnedssindune 8 u nngammaaesditaini
Junse-ang (pH) wassewing 6.78+0.00-8.01+0.42
WarAIA21UNTEA 19 (hardness) PRURIDEL
100.00+0.00 w@a./a. (CaCOs) e?iqag”[,uﬁzmmwamia
nstaseytAulauer (Landolt and Kandeler, 1987;
Phanwanichdamrong, 2009) Tummzﬁﬂ;mﬂWimmaaq
i 2 fisyfugamaiindssening 33.21-35.45% fle1
ganinasifivsnzanlunisasgavlavesion
N19351897U9849 Landolt and Kandeler (1986) w#
nandnrnlufauuana1seg 19l d Ay nIEif

AunsiaesnIgaIansi 1 way 3 ialenallesnnn

mswsiulavesihensiitadedudhunieder wu
auduuas Jadutadesitandneramidsdndu
nstsAulaesias (Alianto et al., 2004)

Tun1snaaesndeilldlsadoulduasiingann
90198 INaR 9N TN YLAUIALATHANE AU N
Turaiedl Xu et al. (2012) seydmandardueg iy
anenugvesin aninuanaenlunisasyiule was
FLYENIITNAUIVDIN

wenanil Giel and Bojarczuk (2011) a1
5190191159 nS AT T ug sagludud anis
wigAulnvesiivwsetasiuluiivasuins1nems
Tuanon15a5 LA ulnveINsanas waguin
anmandonilaiBesiue wu fUinuueadogs
wazAl pH Wuene vilinisgeaduussinanas (Giel
and Bojarczuk, 2011) uag Chookhampaeng et al.
(2022) ANBINAVDILAT NITLAUDINTIA KAZAIIY
LTI TRN TR YAULRveIN (Wolffia
globosa) Imaslsz?mmsqm Hoagland’s solution
WU wWaNANEgeanluTuil 15 uay 20 Fadutag
fsnasaiuladui ndntuNaRAnIYanaddiee
Aandasnisaiaivlafianawdenisanevesii
waganeTimanzandmsunisas aiulnves
W. globosa #p4N15a1588a1851981M151301 AL
AduLas 50% laglidouiuernia lumed
Bever et al. (2012) S84 U0 1MN5ENS Hoagland’s
solution UsgnauniesIn@1msnan Lawn CaH,PO,,
CaS04:2H,0, K;,504, MgSQy, Fe-EDTA g KH,PO,
Jusandn waz HaBOs, MnCl4H,0, ZnSO,.4H,0,
CUSO, UaE HsMo0.H,0 L us1nsee 4931013
91899°U%99Y Terra-Gro Fertilizer Co., Ltd. (2023)
na1771M U991 IUTUIUE NI TUANUAL S
91113309 baun Tulasiau (N) 0.59% Weanesa (P)
0.08% Inunagen (K) 1.56% waai@eu (Ca) 0.38%
wuni@en (Mg) 0.23% wagAuzeu (S) 0.08% wag
W91 GTUsdu leerms waseanesa luvaed
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Abdelhamid (2004) na1aw1sEUTINMATUDU
Wanun 39.2% waaiden 262 un./nn. wagludiey
366 un./nn. 49519 danaafiaudidnysonis
W3gLAUlAUOINY (Spring Green Evolution Co.,
Ltd., 2023)

dyunan1Inaasg

INKANITNAADILE BIRF 2895013
sneu ldun e1mnsgnsdl 1 1948 NPK (16-16-16)
5 n3u (geseuax) fuommsansii 2 uax 3 Tngldin
winv1at198um3ed 50 war 100 wa. ARy WU
nanAniLadsannisldemsia 3 gas ldfienw
wanensfuegaivedfyvnsadnfiauideru 95%
(p>0.05) LLasﬂmmwﬁwaqhﬁdwmmxawfami
wiiulaves fedu Y dunsdsd
#nonrmiunldluniswdnd i ewdatdueinis

duvisgdmiunywduazdnisolulusunan

JoLEUBLUY
PN N Teuaztoazuieiu Ivaiauouwuy
. wX
YBINNSANY A9T
1. Tunsiwnzidgastaglruivdnniad

a

Sun3duusihlidnwanuduuasfiufningzens
finasomaifiunanniligelu

2. W13 1d wdunanaseldainnisinens
Hmdondnsiiuier awnsavluldludsunm
dntiesiileondnansainuinle nsuszyndlisanan
Wunumed ddnsamlunisandununiinds
Tunsizidssilueuian Tnevauouunislng

Tunslewmalulag@iniwegnedagulununsuun

AnRNIsuUIZTAA

YBYBUANUNINUIFEALUlag 1vU9Aa
Sanu fldTaassiuUszanaidouszil 2567 Lile
atfuayulasans “uianssuuazimaluladiiionsld
Usglevdandiulsznaulasiawianaindigsuns

dlensmzndssdniiiduasvgia” lassnsiianog
TulAT9IN150Y S NYRUTNITUN YV DIAULA INTZLNN
FAUTIVEANY FUINUTUTIVNUIT VOUDUANUINETD
aln3v wuseu wazurgdgana dnuns Unfnw
a19UsEaN UazunewlInil Wwedana UnAnwiniain

wiluszend dvsunissiuniuteyalunsiduasail
14 a
LANH1581434
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This study assessed the impact of antagonistic microorganisms on the growth and yield of melon
cv. Momeji in a greenhouse located at the Watershed Royal Service and Development Center, Tha Pong
Daeng, Mueang Mae Hong Son district, Mae Hong Son province, from March to August 2023. The
experiment was arranged in a Completely Randomized Design (CRD) with five treatments, each consisting
of 25 plants as follows: Treatment 1: control (no treatment); Treatment 2: soaking seeds and spraying
melon plants with metalaxyl; Treatment 3: soaking seeds and spraying melon plants with carbendazim;
Treatmentd: soaking seeds and spraying melon plants with Bacillus subtilis; and Treatment 5: soaking
seeds and spraying melon plants with Trichoderma asperellum. The results showed that treatments
with antagonistic microorganisms, B. subtilis and T. asperellum, resulted in the greatest plant heights of
196.75 and 197.25 cm, respectively. In terms of yield, T. asperellum treatment significantly increased
total soluble solids (sweetness) to 11.72 °Brix and improved flesh firmness to 1.68 N. Additionally, the

B. subtilis treatment reduced nitrate accumulation in the fruit to the lowest level of 152.5 mg kg*
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compared to the control treatment. Melon fruit rot disease was observed, with symptoms appearing
around the stem, calyx, and bottom of the fruit as cracks. White fungal mycelium was found covering
the wounds, and microscopic examination revealed spore characteristics typical of Fusarium sp.
Additionally, in severely affected melons, gray fungal mycelium was observed covering the decayed
fruit, with small black fruiting bodies appearing as the lesions expanded. Microscopic analysis confirmed
the presence of spore characteristics of Lasiodiplodia sp. Molecular identification using phylogenetic
analysis of the fungal isolates revealed 2 pathogens associated with melon fruit rot: Fusarium sp. and

Lasiodiplodia sp. Sequence alignment with the GenBank database further identified these pathogens as

Fusarium equiseti and Lasiodiplodia theobromae with 99% confidence.

Keywords: melon, biological control, growth promotion, Trichoderma asperellum, Bacillus subtilis
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(Table 1)

Table 1 Effect of antagonistic microorganism on plant growth parameter in melon cv. Momeji

Treatment Plant height Leaf widths Leaf lengths Male Female

(cm) (cm) (cm) flowers flowers
Control 184.00° 21.75 25.25 11.50 6.5
Fungicidel 182.50° 23.50 25.75 12.00 6.0
Fungicide2 187.00° 22.25 26.25 12.00 6.5
B. subtilis 196.75° 23.75 26.75 12.00 6.5
T. asperellum 197.25° 23.75 26.50 11.75 6.5
F-test *x ns ns ns ns

CV (%) 1.85 5.35 6.56 6.37 11.40

ns= non-significant difference, *,** = Means with different letters are significant difference p<0.05 and p<0.05 by DMRT.
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Table 2 Impact of antagonistic microorganism on fruit perimeter, weight, pulp and skin thickness,
total soluble solids (TSS), firmness and titratable acidity (TA) of melon cv. Momeji
Treatment Fruit perimeter  Fruit weight Pulp Skin TSS Firmness TA

(cm) (Kg) thickness  thickness  (°Brix) (N) (mg/kg)
Control 1.67 48.25 10.60 27.95° 10.47° 1.55% 160.00°
Fungicidel 1.66 46.37 10.92 25.62°  10.62° 1.52%° 170.00°
Fungicide2 1.55 47.37 10.90 22.47° 10.67° 1.32° 187.50°
B. subtilis 1.55 48.75 10.60 25.82°  11.67° 1.55% 152.50°
T. asperellum 1.70 48.50 10.42 26.42° 11.72° 1.68° 155.00°
F-test ns ns ns * ** * *
CV (%) 7.5 3.44 4.50 12.44 4.79 13.41 7.42

ns= non-significant difference, *,** = Means with different letters are significant difference p<0.05 and p<0.01 by DMRT.

HAN1381393L3ALALNITIUUNYDINENIALIAYDY
' o o~
wasunnululsasou
INAITANTIVNTNALTANALLIVDLUADUNUY
91n15U9lsANALUN TAsFIUNAUSIIATOU 9 97 %30
AUNE karUSuAUNaT dsoawannutduledasn

= dy a dl o 174 1 4 ¥
asunsuuv‘\ljmnml,ma Jedduloundeslinaoany

Snvaralesvendos Fusarium sp. (Figure 1-A)
wazlsanatyn (Figure 1-B) Tsanalun (fruit rot) wu
duledmnduiuaquiaimaiiiun o sunavens
azU3ng) fruiting body LBuaeddudn q Weav

A9 Lasiodiplodai sp.

95



Journal of Agricultural Research and Extension 43(2): 90-102

Figure 1 Diseases of melons found in farmers' greenhouses; (A) and (B) fruit rot

Nﬁﬂ’]’i’af’]LLUﬂTﬁﬂ“UENL%E]i’]?l’]Lﬁﬁﬂiﬂmam"]
warlsainveaudauiuenldnddulasrawaoy
fifformaii IWlaladvoadefidnumey Avneduuas
Avamausia ¥idos1 Fusarium sp. $1uau 5 lelsian
Lawn FOO1, FO02, FO03, FO04 Lay Unknown01
wazLTe3 Lasiodiplodia sp. $1uau 2 lelsan laud
La03 wag La0d wan1sitasigviaranuilanalelng
7U3¥W Macrogen Useinadealus WieiUSeuiiou
Yoyaduiianalelndvesduuiim ITS region 7ilé
fugrudeyaiifisneanilu GenBank fioguugiudoya
U84 The National Center For Biotechnology Information
(NCBI) Tnel4Tusunsu BLAST itevhmssuunidos
ANnAlSANALY 1YL BURAENITATIUNUY T

1Y)

FIU1N13 (phylogenetic tree)

Table 3 GenBank accession number

PCR Primer TS5 5’ (TCC GTA GGT GAA CCT
GCG G) 3’/ ITS4 5’ (TCC TCC GCT TAT TGA TAT
GO)3’ wag sequencing primer TS 5’ (TCC GTA GGT
GAA CCT GCG G)3’/ ITS4 5°(TCC TCC GCT TAT TGA
TAT GO)3’ swunlendu F. equiseti

PCR Primer ITS5 5 (TCC GTA GGT GAA CCT
GCG Q) 3°/ITS4 5’ (TCC TCC GCT TAT TGA TAT GQ) 3’
kag sequence primer TS5 5’ (TCC GTA GGT GAA
CCT GCG G) 3°/1TS4 5” (TCC TCC GCT TAT TGA TAT
GO) 3’ Suunléides L. theobromae

Yrnad ldunuisuiisuainund ou
(identity) 39ANAR18AAY (similarity) 299810 U
Thedlelndtugudeyaiiiefinsesianiu uazvinne
Snvaziieszyvinvondelasldlusunsy BLAST

= 1 a f &
VULATDVIYBULNDILUAVDY GenBank

Subject Score Identities
Accession Description Length Start End Coverage  Bit  E-Value  Match  Pct. (%)
NR 121457.1  F. equiseti 598 6 542 89 976 0.0 535/538 99
KF766192.1 L. theobromae 551 1 535 97 977 0.0 533/535 99
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HanN133ATIzaInuilandlalnduaznisasig
ununIAIIAUINTT (phylogenetic tree)
INNANITANYINE NYUETUFIUTNGN
wardnuwaen1edluiana $INAUNITTIATIEN
aduiusiTannsveados wuiansasuun
Wemauvmlsaituaslsananiweusould 1ng
Swunidenana Fusarium 16 1 wila uazdosana

Lasiodiplodia la 1 ¥iin i eurarnuiiandlolna

suaq(ff’sasim%uaﬁiuaqa F. equiseti (Figure 3) Uay
L. theobromae (Figure 4) 7ldannismaasiuas
§1uteya91n Genbank AifianulndiAssiudagis
udadsanuauduius Wosamalsanain
mauuéau%’matﬂuﬂﬁjm%aﬂ F. equiseti AfANAIN
Fosiu 99% uazifesn L. theobromae fifiAnA
el 99% (Table 3)

------ Fusarium polyphialidicum(gi:U34580.1)
------ Fusarium concolor(gi:U61679.1)

--------- Fusariumn begoniae(gi:NR_111864.1)

...... Fusarium guttiforme(gi:NR_120264.1]
------ Fusarium bactridioides(gi:NR_120262.1)

......... Fusarium circinatum(gi:NR_120263.1)
......... Fusariumn boothiilgi:NR_121203.1)

......... FU03-1 contig 1

--------- Fusarium chlamydosporum(gi:AY213655.1)
_________ Fusariumn equiseti(oi: GQ505688.1)

......... Fusarium equiseti(gi:NR_121457.1)

Figure 3 The phylogenetic tree of F. equiseti, the causal agent fruit rot of melon, based on ITS region

Lasiodiplodia brasiliensis(gi:NR_147338.1)

-- LA04-1 contig_1

-- Lasiodiplodia theobromaelgi:NR_111174.1)

-- Lasiodiplodia parvalgi:NR_111265.1)

-- Lasiodiplodia marypalmiae(gi:NR_147341.1)
Lasiodiplodia gonubiensis(gi:KF766191.1)

-- Lasiodiplodia viticolalgi:MR_137059.1)

-- Lasiodiplodia missourianalgi:NR_145222,1)
Lasiodiplodia parvalgi:KF766192.1)

Lasiodiplodia pseudotheobromaelgi KF766193.1)
Lasiodiplodia pseudotheobromaelgi:NR_111264.1)

Figure 4 The phylogenetic tree of L. theobromae, the causal agent fruit rot of melon, based on

ITS region
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Metagenomics is an effective tool for analyzing the composition and diversity of microbial
communities in the environment without the need for cultivation, making it suitable for studying plant-
associated microorganisms. Strobilanthes spp. (indigo plant) is an economically and scientifically
important medicinal plant in northern Thailand. Its leaves are used to produce natural indigo dye and
contain bioactive compounds with potential pharmaceutical applications. Understanding the microbial
communities associated with Strobilanthes spp. is essential for elucidating their roles in promoting plant
growth and synthesizing secondary metabolites. This study aimed to investigate the bacterial
community diversity in leaves of S. cusia (large-leaf) and Strobilanthes sp. (small-leaf) collected from
five sites in Phrae province using 16S rRNA gene sequencing on the illumina platform. The bacterial
communities were predominantly affiliated with the phylum Proteobacteria, particularly the class
Gammaproteobacteria and the order Pseudomonadales, including Pseudomonas spp. and unclassified
bacteria. These taxa are known to contribute to plant growth promotion and the biosynthesis of
bioactive compounds. The findings provide insight into the microbial diversity associated with S. cusia,

offering potential applications in the pharmaceutical, textile, and agricultural industries.

Keywords: Strobilanthes cusia, Strobilanthes sp., DNA purity, metagenomics, genetic diversity
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USA) thiduedldmnmsadaluiansganduadd
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meserdeyaneena
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adRlneld F-test uaniUSuisurmuuananweInede
Tuumagnsmmunlagld The Least Significant Difference
(LSD) 7 sz uA1ad 83Ty 95% TneldTusunsy SPSS

version 28
NAN15398
HANISATIVADUAMN AL USINARDUNA 58I R

NANIIATIVAOUA NN TNLALUTUIUALE UNE

MyanavaINylAaAsIUNG 7 $19879 kA U1uUnYeu

Tulve) (59%a A) Truidenludn (sWa B) Shuuuan
(59a ) Uruwig (59 D) Uruuiid (39a B) Uu
winedlulng (5Wa P wazUuimesludn (3Wa G)
Wanemy Table 1 1 olU3 UL sunead Adaenns
ne@ay F-test Wag LSD (p<0.05) wuinaeuuiaus
vosiduelufinetna A uay B ganiniiessduegnedl
Weodfey Tnefmeg19 Auay BilAed e 1.849 way
1.824 sy Jeuanadafiduienmnmiuazlaifing
Vudeuvedusiiu luvardishedns D uaz G dAads
gandn 2.2 1019098 Fensund euvetensidue
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Table 1 DNA concentration and purity with statistical comparison (F-test, LSD 0.05)

Sample A260 A280 A260/280 Concentration (ng/pl)
A 0.289+0.407 0.033:+0.006° 1.849+0.015° 61.206+12.484°
B 0.057+0.012 0.031:+0.006° 1.824+0.005° 57.552+12.653%°
C 0.053+0.003 0.024+0.005%° 2.171+0.052 53.787+2.984"
D 0.032+0.018 0.0140.008%° 2.243+0.165% 31.899+18.232¢
E 0.057+0.004 0.029+0.002° 2.008+0.021%° 57.852+4.333%
F 0.049+0.002 0.022+0.002° 2.169+0.022°¢ 48.857+2.448
G 0.036+0.005 0.014+0.002° 2.425+0.089° 35.994+13.720%

*Means followed by different letters in the same vertical were significantly different at p<0.05 by LSD

An A260/280 ratio between 1.8 and 2.0 indicates gsood-quality DNA. If the ratio is higher than 2.0, it may suggest slight RNA

contamination, which does not affect subsequent metagenomic analysis.

NANSATIABUAMLTHYRIALE WaTaraldan
figlidaruuanddiifiud dAranuuians Gasdau
£260/280) wossiree 1t vmeg s 182-242 (Table 1)
& s0g luinasi 7 nzaudms unnsiiaegsi sz
Tuiana Tnenuindegnaienlulug andundes
(s7%a A) wazsenludnantnaindeu (sva B) firmm
U3avseglurag 1.824-1849 Fafiodrfianuuiansgs

wagldnun1suul euveslusi uns easusenaudy
(A1 A260/280 Nwisnzaufe 1.65-1.85) WiaUSeuwieu
g Alagldnmavaasy LSD wuinAIAuuIgnsves

a o | P | AN w o w aa
WLE]ULBIUW'J@EJ'N Alay B %QW%ﬂaﬂqﬂﬂuaaqﬂmmqﬂaﬂm

e

(p<0.05) FeuamadenaunnesidwefinBey wenani

#1067 A way B Jallanuiduduresdidueiad ogads

61.206 KA 57.552 U lUNT UM B bUlATA NS ATUAIRU
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Figure 1 Relative abundance of microbial taxa at phylum, class, order, family, and genus levels

Colored bars represent the relative abundance of each taxon in samples A-G; Different letters indicate significant

differences (p<0.05, LSD test).
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wara15UsenoueoelsuIAn Xanthomonadaceae
(3-5%) 7 wan9f 1A NE ANE UNITUA VDA TN
(metabolic flexibility) War@1115008 T IUAUNY
Tuguznguitlinelsa (non-pathogenic residents)

war Comamonadaceae (2-8%) 4 95 A UA 1 Agy

Tudgdnslulnsiau wazarnuainisalunisaansy
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Y9IWANAIN LanIdIyurUIaInAliniuaIunse

Tunsaduauun1siesyiaulauasauninue iy

YNATUNADT

Table 2 Taxonomic distribution in all sample of species of microorganisms most commonly found

in samples A, B, C, D, E, F and G here metagenomics

A B* C D E F G* X
Unclassified Pseudomonas 21.44 31.7 445 2197 1959 2597 46.15 30.19
Unclassified_Bacteria 40.77 5141 2256 2728 1292 1285 6.10 24.84
Unclassified_Stenotrophomonas 3.08 048 332 274 693 423 396 353
Unclassified Acinetobacter 1.57 504 251 304 382 266 576 347
Comamonadaceae bacterium HBT44 5 1.64 0.40  0.77 186 427 500 580 282
Unclassified_Sphingobacterium 1.76 006 030 202 626 308 540 270
Unclassified_Brevundimonas 1.07 0.01 0.28 281 186  5.95 1.11 1.87
Sphingobacterium_bambusae 0.34 0.00  0.03 132 090 7.13 1.15 1.55

This table shows the distribution of the most abundant microbial genera found in indigo leaf samples from each location.

The genera Pseudomonas and Stenotrophomonas are noteworthy, as they have been reported to play roles in the synthesis

of indigo and bioactive compounds, which are associated with natural color formation and antimicrobial activity in indigo-

producing plants.

HanisaguesAUsenauyadnlusedu
auNIUIT1U (order) NUIIANUYNFUNNT V04
Pseudomonadales 34.14% wagAUYNTURNTUDS
Burkholderiales 24.84% 1 unguauiiigatoety
nsgegaatsasdunIduaznisiugadn luvaed

ﬂq':u Lactobacillales 3.89% waz Flavobacteriales

3.04% dfnganlunisussgndldluanainnssy
919154asLA5 8981919 (Table 3) Tagsauna
nsfnwddividiui guruadmeulslidluluvion
finnumainvanege uazilesAusznaufiunnsiiedty

AuiunNUgn Feenalasudninaainarugauauysel

a

YDINULATENINLINADULRNIZNY
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Table 3 Summary of the taxonomy results found and their uses

Taxonomic Relative Type Utilization
(order) abundance (%)
Rhizobiales 2.10 Antagonistic Agricultural industry
microorganisms
Flavobacteriales 3.04 Flavobacterial Food and cosmetic industry
Lactobacillales 3.89 Probiotic Medical industry /Food and
cosmetic industry
Xanthomonadales 4.57 Pathogenic disease Agricultural industry /
Research
Micrococcales 4.61 Pathogenic disease Agricultural industry /
Research
Enterobacterales 577 Pathogenic disease Agricultural industry /
Research
Sphingobacteriales 5.88 Pathogenic microorganism  Medical industry /Food
in human industry / Research
Burkholderiales 24.84 Pathogenic microorganism  Medical industry
in human
Pseudomonadales 34.14 Antagonistic Agricultural industry

microorganisms

This table summarizes the dominant microbial groups at the order level found in indigo leaf samples, along with their types

and relevant applications. It highlights the potential of these microorganisms in various industries—for instance, members

of the order Pseudomonadales exhibit antifungal properties and can be utilized in agricultural industries, while

Lactobacillales show probiotic potential and can be applied in the food and pharmaceutical sectors.

nsiasgviedUsenaulad nluszdu
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This study quantified forest ecosystem services within the farm area of Maejo University,
Chiang Mai with emphasis on supporting and regulating functions. The analysis estimated timber
volume and the economic value of carbon storage in forest biomass. Species diversity was assessed,
and tree species were determined based on the IUCN Red List. Timber volume and carbon storage in
the forest biomass of large trees were quantified within permanent sample plots. Data were obtained
from two permanent plots, each covering 4 hectares (25 rai), located within the study area. The forest
was classified as a secondary dry dipterocarp forest, comprising 32 species, 28 genera, and 18 families.
The dominant species, based on stand structure and the Importance Value Index (IVI), was
Dipterocarpus obtusifolius Teijsm. ex Mig. The conservation status assessment identified Least Concern
(LC) - 23 species; Near Threatened (NT) - 3 species; Critically Endangered (CR) - 1 species; and
Endangered (EN) - 1 species; the other four species were not listed in the IUCN Red List. Regulating
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services were quantified through carbon storage and sequestration. Forest carbon stock averaged 37.89
t C ha!, while carbon sequestration was estimated at 19.09 tCOzeq rai™. Over a two-year period
(baseline year 2025), net carbon sequestration increased by 133.96 tCOeq, corresponding to an
economic value of 19,476.39 Thai Baht. Provisioning services were represented by timber volume, with
an average of 18.46 m? ha! and a total stand volume of 960.09 m?, yielding an estimated economic
value of 1,440,139 Thai Baht. The total economic value of ecosystem services (regulating and
provisioning) within the University farm area in 2025 was estimated at 1,459,615.39 Thai Baht. These
results demonstrate that the secondary forest system contributes to carbon storage and economic
valuation within the university-managed landscapes. Management interventions, including forest
patrol, stakeholder awareness, and wildfire prevention, are associated with the maintenance of
regulating and supporting services, thereby sustaining ecosystem service flows and enhancing long-

term natural capital value.

Keywords: species diversity, timber volume, aboveground biomass, carbon storage
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Figure 1 The study area at Maejo University farm and the 4-ha permanent sampling plots
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WIATINNEIUEIAU (W,) = 0.0396 (D?H)0*%

= 0.003487 (D°H)" %7

= (28.0/Wtc + 0.025)"
= 0.026 (D?H)*77

Tas D = vuadushugudnansitsefiven (a)

1aTFanInaIune (W,)
wadinnaidlu (W)

19833 waIusIn (Wr)

H = anugevassuldfisUansen (uns)

(3) Toyan1siiAs1grinisdinesau
T-VER-S-TOOL-01-01 version 01 wag Inter
governmental Panel on Climate Change (IPCC,
2006) larvuainUssunudosas 47 98378820

v
v a

vosruldiduasuou Jaunissadl
CS =GB x0.47

Wie 0.47 Av Seuay 47 Llasu1ninueg

YNUTNLIAIVDILIATININ
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lag  CS fo nmsiniuAIsueu (t C ha)
GB fe wathnnamavesldl (t ha')

@) nsmuaUsuiunsuaulaenlys
Weumi (CO, equivalent) 1WunasmvosUiununis
ANAUAISUOUYDISEUUTLA (ecosystem carbon
stock: EC stock) AauAtgAdnaIuTEnNT 19
Asuaulaeeanles (CO,: uialuana = 44) uag
A1sURY (C: walwana = 12) fie 44/12 %38 3.67
(IPCC, 2006) flaasin1s

COZ absorbtion = Ecstock X COZ CF

108 COpuortion - USHIRUNSQRTUATUBY
Tppenlnverzuuiing (COe/l5)

ECyore . USmnaunmsiniiuaisueu
vosszuuilng (tC/13)
CO,CF . Adndusyminemsuay

IoeonlunkazAsuau w5 3.67

(5) miﬁwmmé’mwmwmﬁumumaami
ffuaueuresiifediluiiuiifigniisiadoond,
20 U w1y 0.27 tCO,/15/T (Office of Natural
Resources and Environmental Policy and
Planning, 2019)

(6) NM3UTELIUAIAISUBULATAR (carbon
credit) Ao YSunafingarsuaulasenledi nnuiu
Tusulsfanunsatoneld ileddoululivnauusum
N13Uaes IS oUNTZANIUANIINAINTINAN 9 LU
st ululsesnu nieeingrunnuy 113
Uszidiugaamsinfiuasveuldsnnddainsan
AAIAN1SS DU18ANS UBUTIBAUAW (Thailand
Greenhouse Gas Management Organization
(Public Oreanization), 2022) \ioweumweu w.a.
2568 570128 829NN VDINT5E DV BATSUBY
\ASAA TVERs Wiy 145.35 Um tCOeq Toya o

Fufl 31 ganau w.a. 2568 lngagUsziduyaniann
nsmamsnin$usuiazanluduliififuyuiu Tay
f91sanandguluen 2 U (w.a. 2568)
Femsuszidiuaivowasani Lilldusudiy
WieelunaInASUaLYDIBIANTUSINSTANIS AN
Sounszanmaadasle uwidunsusediudielviiu
AMAIAIUNITANAUAIS UB BN TN UL 1Y
Imﬁ”m;ﬂaﬂ'wmamsL‘Euﬁlﬁ’ﬂmﬁuﬂﬂﬁlﬂum%u

URINYIRYITU
NaN15ILLAZ ATl

dgonuninuazauvatnyiavesnssaldlunisu
WAL
Fenualufuiivsunminedoudldiiy
FipuiaUndeds wudulitomn 2,359 du wdadu
32 %ln 28 dna 18 39A Aanumuiuwiu 94.36 s/ls
W30 589.75 Au/A8NAT3 W 091MUNANIUAINAT

U L3 v =

aysnEmUUYIuas JUCN Red List) lanedl A

q

o s

\Hearnsianisgayiug (Least Concern: LC) Li09910

]
v a

Fafleglaenaly S1udu 23 vl Wy nszviouny
(Mitragyna rotundifolia) asgun (Irvingia
malayana) nsung (Quercus kerrii) Aaau (Walsura
pinnata) wasn19d uen (Albizia odoratissima)
(Table 1) fiauLd sasionsgnanAy (Near
Threatened: NT) - sefiupnandestusunsiesionis
gauiugtusuiandulng 91wt 3 via ldun Wi
(Shorea obtusa) wais (Dipterocarpus
tuberculatus) Wazu14L% 8 (Dipterocarpus
obtusifolius) siafisieudssuingirensaaiug
(CR - Critically endangered species) — 5¢AUA1Y

s dl

\HesdudunefensgaiugaINeAen LU A
flagduu 1 vila Ao Jadu (Dalbergia oliveri) ¥iln
Alnan1sgeyiug (EN - Endangered species) - 5efu

AMULAEITUE A BE YN UTIINT D1ABAIUTITUYIR
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foy91uiu 1 vila Ae UseqUa (Pterocarpus
macrocarpus) wazdl 4 via 7 lailesryey Ty
an1unInniseysnedn udyduns (IUCN Red
List) lawn @15AU1 (Anneslea fragrans) $nlwgy

(Gluta usitata) A1 (Tristaniopsis burmanica var.

rufescens) wagnsedudny (Irvingia malayana)
Tneilsneazidonlundazulasdrsia dei
INATIATIZRAMULANANTEWINNTIUIU
vilnvesulatdosluaninlaifiogns wundIuIu
sinvesduliinianutasseghslifiauuandieiy

C-)

ag19lidedAyN9ada (p>0.05) (Table 1)

Table 1 Comparison between data of ecological quantitative values of permanent sampling plot 1

and permanent sampling plot 2 in Maejo University farm using the Welch t-test

Ecological Meanzstandard deviation
characteristics ~ Total number Number DBH Basal area Timber Biomass C Co,
of trees of species (cm) (m?) volume (m?) (tha?) (t ha) (tha)
Plot 1 368.75+18.14 9.75+1.47 20.34+3.91 0.03+0.01 10.40+6.33 103.63+5.47 48.71+2.57 178.76+9.4
Plot 2 220.50+21.93 6.75+1.47 19.31+3.33 0.03+0.01 6.00+6.88 34.72+4.12 16.32+1.90 59.90+7.12
t-test 9.0197 24842 6.4675 5.9466 1.3308 17.4125 174125 17.4125
p-value 0.001* 0.04753* 1.2074™ 3.1445™ 0.2018™ 2.3003™ 2.3003™ 2.3003™

ns = non statistically significant difference at the confidence level (p>0.05); * = statistically significant difference at the confidence level p<0.05

DBH = Diameter at Breast Height, C = Carbon sequestration, CO, = CO, equivalent

anavaniavesiugliluiiuiv it uas
71 1 nurialiivionn 20 4a 25 ana Tu 17 29 S1uau
1,475 AU 1A 19AAUINNTINIUAU 3 WAL AD 29A
813 (Dipterocarpaceae) 1,198 @iu (47.92 Ausiols
739 299.5 AUABLINAS) TO9AIUIAD 1AL
(Anacardiaceae) 76 #1 (3.04 Aunslsnse 18.55 Au
AoLENAg) wazduzlny (Burseraceae) 1UIu 54
fu (2.16 Ausalsyse 13.5 AURDLENATS) AUEIRU
(Table 2)

AUNaINTilnvesdInuR s UNLA 95
Tundasil 1 fAraunainvidaniuisnisves
Shannon Wiener index fioudnesn winifu 1.13 1ile
Rarsanldisuanaauiinaudidey (V) vesdnfess
U1 8191989 (Dipterocarpus obtusifolius) #
fuflanuddnanniian 174.32 Wedidud sosasn
leun snlug) (Gluta usitata) 53 (Shorea siamensis)

yrnennasy (Canarium subulatum) WALLARLA

(Dalbergia assamica) dAgadaudIAy WAy
30.65, 21.84, 18.59 uay 15.26 1Wasldus amuaeu
aamannuiinvesiuglilulidediuasi 2
wunssaldonnn 17 ¥da 14 ana lu 8 29d Ny
Fulsitanun 883 du Tnenadiauansiuiudy 3 29
usn A9 1A (Dipterocarpaceae) 770 #iu (30.80
Fusalivse 192.5 Fusaianms) sesasunfe 29di
(Fabaceae) 49 @u (1.96 funslinie 12.25 Ause
LW@NANS) War9AuLaag (Anacardiaceae) 27 @iu
(1.08 Aunelsnie 6.75 AuUABLEAATS) ANNEIRU
(Table 3)
AnuanviavesdsaniyUifieTelunlas
7 2 fidanunainvinniuiznisves Shannon
Wiener index sy 0.7 wiefiansanlsiisuaind
audaudrAg (V1) vosUfass nuangaies
(Dipterocarpus obtusifolius) ﬁﬁﬁﬂaﬁuﬁﬂﬁ@uﬂﬂﬁqm
214.35 Wosiud se9asun laun F98u (Dalbergia
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oliveri) $nlnay (Gluta usitata) ugnenna au
(Canarium subulatum) wagnsgun (Irvingia
malayana) fimdviianudnAgy Wiy 24.75, 16.10,
7.71 uag 7.68 Wosilus augau
lngnan1sAnwilaseas1uaresAlsenou
Uidia3s anerdimuddyvesiinliivgluiiui
Fududruniwastanulrdumse Sennumnain
yinAeudefesitiaesulasdisnn enadumnsie
nmsiaszsanglivualng (@useuimnnni
50 o) Mdudsrugeslfornisusiy Tnasaaes
wlasdrsadsfilassadsuazesdusznaufind ey
Tushudanudidedsuans Afiaadevnmduseuis
oEj5E1I14 60-75 . mgeesdulsifiegsing 8-5
was Sougenroudsluse wasilldfituandlaivuuiu
un 1 099l A g uwazatuuanndn
lngsaUdDnAa0INUNISANEIV0Y Hermhuk et al.
(2021) wag Vongsenekeo et al. (2022) i

yns@nului uiviudaseysndiug nssud 1l
TudnanuuisnAndunse fszyindsaududsse
Tuiuildulngjresiuiidudsnudosenaiios Al
anwarAuduAusUunTe wasdulufsguees
friunsduyulsilunisuseguuesaniiengu
wililuefin Fetledinisseumes Suwankesa et al.
(2023) wag Tamniyom et al. (2026) 7i @ nw
lassadsdufssduninunamilevesuszmelng
wqdwﬂwﬁﬂﬁﬁagmdéfmiaLLasuaq‘i'JwamuLLviﬂma
daulng fillassarsUndudniedsguasafivialsl
fnusnnanduneiiy doudradu Ualuss Aluefia
anduunulsiluguuusing 9 Weszeznamiuly
é’muﬁmzﬁuﬁaLaamuﬁsiuﬁmmugﬂLLUUﬂJmé’ﬂﬂu
douiin Wy daugrafoasufnnuiudicudes
f1u wardsnudmdeFusuinnulududesian

a < %
WA Lunuy

Table 2 Ecological quantitative values of tree species in study area sampling plot 1

in Maejo University farm

Scientific name Number Ba Do F D RDo RF RD VI
of plants (m? (%) (%) (%) (%)
Dipterocarpus obtusifolius 1108 38.1042 0.00 0.98 0.03 70.93 28.32 75.07 174.32
Teijsm. ex Mig.
Gluta usitata (Wall.) Ding Hou 73 6.2010 0.00 0.49 0.00 11.54 14.16 4.95 30.65
Shorea siamensis Miq. 76 2.2884 0.00 0.43 0.00 4.26 12.43 5.15 21.84
Canarium subulatum Guillaumin 54 1.4985 0.00 0.42 0.00 2.79 12.14 3.66 18.59
Dalbergia assamica Benth. 53 1.6086 0.00 0.30 0.00 2.99 8.67 3.59 15.26
Aporosa villosa (Wall. ex LindL.) Baill. 38 1.1340 000 021 0.00 211 6.07 2.57 10.75
Dalbergia oliveri Gamble ex Prain 17 0.4890 0.00 0.11 0.00 0.91 3.18 1.15 5.24
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Table 2 (Continued)

Scientific name Number Ba Do F D RDo RF RD VI
of plants (m? (%) (%) (%) (%)

Dipterocarpus tuberculatus Roxb. 12 0.6104 0.00 0.11 0.00 1.14 3.18 0.81 513
Ivingia malayana Oliv. ex AW. Benn. 9 0.4947 0.00 0.08 0.00 0.92 2.31 0.61 3.84
Vitex peduncularis Wall. ex Schauer 5 0.1526 0.00 0.05 0.00 0.28 1.45 0.34 2.07
Leucaena leucocephala (Lam.) 5 0.1532 0.00 0.04 0.00 0.29 1.16 0.34 1.78
de Wit
Cratoxylum formosum (Jacg.) 4 0.1188 0.00 0.03 0.00 0.22 0.87 0.27 1.36
Benth. & Hook. f. ex Dyer subsp.
pruniflorum (Kurz) Gogelein
Vitex pinnata L. 2 0.1004 0.00 0.02 0.00 0.19 0.58 0.14 0.90
Buchanania lanzan Spreng. 2 0.0720 0.00 0.02 0.00 0.13 0.58 0.14 0.85
Bridelia retusa (L.) A. Juss. 2 0.0603 0.00 0.02 0.00 0.11 0.58 0.14 0.83
Madhuca pierrei (F.N. William) 2 0.0507 0.00 0.02 0.00 0.09 0.58 0.14 0.81
H.J. Lam
Albizia odoratissima (L.f.) Benth. 1 0.1529 0.00 0.01 0.00 0.28 0.29 0.07 0.64
Shorea obtusa Wall. ex Blume 2 0.0545 0.00 0.01 0.00 0.10 0.29 0.14 0.53
Quercus kerrii Craib 1 0.0487 0.00 0.01 0.00 0.09 0.29 0.07 0.45
Mangifera caloneura Kurz 1 0.0440 0.00 0.01 0.00 0.08 0.29 0.07 0.44
Acrocarpus fraxinifolius \Wight ex Am. 1 0.0438 0.00 0.01 0.00 0.08 0.29 0.07 0.44
Schleichera oleosa (Lour.) Merr. 1 0.0408 0.00 0.01 0.00 0.08 0.29 0.07 0.43
Caesalpinia pulcherrima (L.) Sw. 1 0.0391 0.00 0.01 0.00 0.07 0.29 0.07 0.43
Anneslea fragrans Wall. 1 0.0385 0.00 0.01 0.00 0.07 0.29 0.07 0.43
Walsura pinnata Hassk. 1 0.0268 0.00 0.01 0.00 0.05 0.29 0.07 0.41
Terminalia alata B. Heyne ex Roth 1 0.0250 0.00 0.01 0.00 0.05 0.29 0.07 0.40
Pterocarpus macrocarpus Kurz 1 0.0236 0.00 0.01 0.00 0.04 0.29 0.07 0.40
Morinda citrifolia L. 1 0.0235 0.00 0.01 0.00 0.04 0.29 0.07 0.40
Mitragyna rotunclfolia (Roxb.) Kuntze 1 0.0209 0.00 0.01 0.00 0.04 0.29 0.07 0.40
Total 1,476 53.7189 0.00 3.46 0.03 100 100 100 300

Basal area = Ba, Frequency = F, Density = D, Dominance = Do, Relative Frequency = RF, Relative Density = RD

Relative Dominance = RDo, Importance Value Index = VI
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Table 3 Ecological quantitative values of tree species in study area sampling plot 2

in Maejo University farm

Scientific name Number Ba Do F D RDo RF RD VI
of plants (m? (%) (%) (%) (%)
Dipterocarpus obtusifolius 751 21.8835  0.00 0.99 0.08 82.16 47.14 85.05 214.35
Teijsm. ex Miqg.
Dalbergia oliveri Gamble ex Prain 39 1.9910 0.00 0.27 0.00 7.47 12.86 4.42 24.75
Gluta usitata (Wall.) Ding Hou 25 0.7451 0.00 0.22 0.00 2.80 10.48 2.83 16.10
Canarium subulatum Guillaumin 12 0.2977 0.00 0.11 0.00 1.12 5.24 1.36 7.71
Irvingia malayana Oliv. ex AW. Benn. 12 0.4152 0.00 0.10 0.00 1.56 4.76 1.36 7.68
Pterocarpus macrocarpus Kurz 9 0.2888 0.00 0.08 0.00 1.08 3.81 1.02 591
Dipterocarpus tuberculatus Roxb. 9 0.2561 0.00 0.08 0.00 0.96 381 1.02 5.79
Aporosa villosa (Wall. ex LindL.) Baill. 8 0.1913 0.00 0.08 0.00 0.72 3.81 0.91 5.43
Shorea siamensis Miq. 5 0.1394 0.00 0.05 0.00 0.52 2.38 0.57 3.47
Shorea obtusa Wall. ex Blume 5 0.1924 0.00 0.04 0.00 0.72 1.90 0.57 3.19
Syzyegium cumini (L.) Skeels 2 0.0568 0.00 0.02 0.00 0.21 0.95 0.23 1.39
Lannea coromandelica (Houtt.) Merr. 1 0.0368 0.00 0.01 0.00 0.14 0.48 0.11 0.73
Vitex peduncularis Wall. ex Schauer 1 0.0348 0.00 0.01 0.00 0.13 0.48 0.11 0.72
Tristaniopsis burmanica (Griff.) 1 0.0311 0.00 0.01 0.00 0.12 0.48 0.11 0.71
Peter G. Wilson & J.T. Waterh.
var. rufescens (Hance) J. Parn. &
NicLugh.
Dalbergia assamica Benth. 1 0.0267 0.00 0.01 0.00 0.10 0.48 0.11 0.69
Morinda citrifolia L. 1 0.0262 0.00 0.01 0.00 0.10 0.48 0.11 0.69
Buchanania lanzan Spreng. 1 0.0236 0.00 0.01 0.00 0.09 0.48 0.11 0.68
Total 883 26.6366 0.00 210 0.09 100 100 100 300

Basal area = Ba, Frequency = F, Density = D, Dominance = Do, Relative Frequency = RF, Relative Density = RD

Relative Dominance = RDo, Importance Value Index = IVI

BGanaslsivadsidunmunluiuiiuassauwuueis

nnsAwIumUsunslddudulundas
Fregrenaenlas wuiduldWedesulasiiogng
fUsunsladsin 147.70 gnuiadiuns (18.46 gnunen
waseatanaid) Anduusuaslinadewindu 0.06
gnuiAdnsHady Wedinsigsinnnuuansiees
Usumsldluunazulasiegtanuin dUsuaslyd

v

AVILANANAUNGEDR (Table 1) Inelis1eaziden Al

wlassaeg1ei 1 fusunsldsu 74.04
anuIAfLns (18.51 gnuiAfiunssalannis) e
fsnanuNARdUTesniaa 5 ddunen
laun 29Ae19 (Dipterocarpaceae) i (Fabaceae)
A uvnenina ou (Burseraceae) 19d $nlug)
(Anacardiaceae) wag13f vl anlan
(Phyllanthaceae) Tnafiu3uns 29.59, 12.67, 7.82,
7.77 waw 7.06 gnunAtiang suddy uazviialiing
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U?mmma‘ﬁ'qﬂ Ao 8198y (Dipterocarpus
obtusifolius) 59389118 53 (Shorea siamensis)
ugnenna e (Canarium subulatum) viAuAs
(Dalbergia assamica) snlugy (Gluta usitata)
widlanlan (Aporosa villosa) wans (Dipterocarpus
tuberculatus) B3%u (Dalbergia oliveri) nsEun
(Irvingia malayana) naudn (Vitex peduncularis)
nsrdudn (rvingia malayana) (ﬁwu (Cratoxylum
formosum subsp. pruniflorum) Auun (Vitex
pinnata) Ygd39uusIu (Buchanania lanzan)
wazn19duen (Albizia odoratissima) laed
Ysuasldivindu 15.64, 8.94, 7.83, 7.64, 7.59,
7.06, 5.02, 4.90, 3.53, 2.03, 1.75, 1.35, 0.44,
0.19 uag 0.13 gAUIARLUAT ATNEIAY
wlasiaagnedi 2 Fusuasldsin 49.66
gnuIAfiuns (12.41 gauiadlunsseienas) e
ﬁmimwammaﬁﬁﬁﬂ%mmmmﬁqm 5 @1AUWIN
Teun 29dens (Dipterocarpaceae) Wi (Fabaceae)
2ud$nlne) (Anacardiaceae) 2sduznonind ou
(Burseraceae) waz1dnszun (Irvingiaceae) lnuil
U311n5 22.89, 7.49, 5.09, 4.06 Uar 3.69 gAUIAA
lwns puddu wazsdaldAivsuasuniign Ae
874LiA8s (Dipterocarpus obtusifolius) T94a411AD
T39U (Dalbergia oliveri) snlngy (Gluta usitata)
uznennd ou (Canarium subulatum) nszun
(Irvingia malayana) wai3 (Dipterocarpus
tuberculatus) Usaun (Pterocarpus macrocarpus)
wilenlan (Aporosa villosa) Wi (Shorea obtusa)
uaw33 (Shorea siamensis) lnadiusuansldivinfu
14.50, 7.50, 5.09, 4.06, 3.69, 3.63, 3.38,
3.05, 2.59 uay 2.17 gnulAfUAT AUaIAY
etiUsumsliflundassiegnata 2 ulas @
Jusunuveslsunsldluszuudnadaldaaiy
oeetionsoras 5 Seminedule i lii D

FALNUNINATI1 AD Tosas 32.0 Amdu 325 19

(Sri-Ngernyuang et al., 2023) Lﬁugmﬁayjalﬁaw
FmnamUSinsiimunue i suaming &
wild 8nedunsy Jawiawesiud wuandusuing
5207 U wUaed1 599U Un125 U 960.09
anuiadiuns ewdsuifeutuuiinasldsuiuivn
daailndfestunuin fenfeenit@nwives Wansa
(2022) Adnwlulnfefefiinslivsslomivengs
yAugvessnedvnn Yanimdoduel Aszyli
(129.61 gnuAdiunsaaLanang) esainnisiiv
Toyadulilunvasiaudaauln 1 wufiunsduly
wlivsiesldunnndn seiluiluiidnudadinnswy
seaseensdnliilve) wazguuuunsiiudeyaiidne
Tuiuiiasedu lednwems lddudidvunnlnanin
50 wuwnstulusntfewis

msfiniuarsuaulugunadanwiald

USunasnadinmluesausenauvaanssalyd
WU ulasdrsnane 2 udaslud g esfavunidy
wInendouls funalddl 553.47 fu (69.18 iy
Aowgnand vie 11.06 fusiels) Wemuimnsiniu
ANSUBUTIUYINAU 260.13 AU (32.51 AUAISUBURD
@nAIs w3e 5.20 fumsuausels) wazidlemuan
USunamsueulaeenleaifisuin (CO, equivalent)
WA 954.68 61U (119.33 duarsusulaeenlynne
W@AAS 50 19.09 dursueulaeenlynnels) lned
srwaziBeausazuladnsie sl

wlasit 1 nudafvunaniadininsa
414.55 91U (103.63 AUABLENATS 130 16.58 AUmD
13) dlarwiumsinfuasuousiuwindu 194.84
fu (48.71 AUAISUBUABLENATS W38 7.79 Fu
a1svoun oly) wazid e ulrmUsuw
Asuaulaeanleniisuwii (CO, equivalent) Wiy
715.06 s (178.76 siup1suaulaeanlennaianans
3 28.60 suAsuaulneanlunsols)
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wlasdt 2 nudafivunauiadaninsay
138.91 ¢ (34.72 AumeLenNA1s %30 5.55 Aunols)
dlomuamnisinfuasuausinvaiu 65.29 fu
(16.32 AUAISUDUABDLENATS 138 2.61 FUAITUDUMD
19) uwaviilomuasinansueulasanlsfifieuwi
(CO, equivalent) 11U 239.62 #u (59.90 Ay
A1svoulaeenlar nelgnn1s ®3ie 9.58 fu
Asueulneanlynsols)

NNaNISANEIN 2 uasiaeg1efiily
faununsdneilnainerUnldsyezeanuitulag
i 2 fnsinifuanfueluguinatanwidesnituag
i1 DEN anaflesnanmsiiulasinud 2 finns
wWlduseloytvasyuvuann Indyuvuuinnd way
wusessesnisialiltuszlovdlusdn lag Sri-
ngernyuang et al. (2023) iﬁisqiﬂﬁuﬁﬂﬂﬂaiau
VUM INYIT N5 I vesyuYUR g 1T UTY
wawesfanaziidols wu iy naonaudonndss
funan1sAnwisuanuainedalifiuvasdi 2 fian
aumaineda wazsruuviatesniuasd 1 id
ﬁyu'ﬁ'ag’f’fﬂﬂmwaqwﬁuwﬁmmé’aﬁmsm’fﬂ%
Uselewitfesninudasdt 2 Judu dlawSeudiounis
AnAuadueulunadan wduiuivdeSediding
TaN15INALALIA Y WUIIHAILDENTIANYIVD
Wattanasukskul et al. (2012) TufiuitUndsdsitinng
Famsliirfiaandhuiauisedunda Saiadedl
Afldnwarmsiamsiufindrefuanuiiise Taed
n1sazauA1svauluNlIadININWINAY 106.6 AUse
WNAS WaELPYNIN1ANYITBY Tamniyom et al.
(2026) AFnwlutanuuITAnson Samindyu
fiflnnsazaudi 111.16 fusaienas uwazfialndlAes
Fufluii Uudededi fldreg o oslugnenu
wiagAud T Famindeddul-aanu-nn fiazay

s

AT UBULN AU 103.95 A URNBLENATS

[V %
v a

(Chamnongphakdi and Udomsiripong, 2015) 144

[

9190 uegAugUuuunmsiduslevilvasiunivnaes

TuaniIne dewdld Jaiinisnusessesnisdalilug
nsldUsslevivesyuyulaeseu wu nsium
29901 1dA U wagwusesseunisiutaesluun
agnerailosndnefuaniufidradiu

nsUszidiugar1n1suIn1smatiiaaIngUald
nsuszliugadUuaslyd
NHaNIsILAT1ERUI eIl ve sl dunu
ol e T wa. 2566 uflvhiummineds
walld Sovindeddnl lupfsisruiutmun 32 via
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Application of Vegetation Index (NDVI) and Normalized Difference Moisture
Index (NDMI) to Study the Impacts of Wildfires in Forest Areas Using Sentinel-2

Satellite Imagery: A Case Study of National Reserves Forest, Phrae Province
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The objectives of this study were: (1) to analyze changes in the Normalized Difference
Vegetation Index (NDVI) and the Normalized Difference Moisture Index (NDMI) before and after forest
fire events; and (2) to classify areas affected by forest fires using Sentinel-2 satellite imagery. The study
was conducted in Phrae National Reserved Forest, Thailand, over a five-year period from 2019 to 2024.
The results revealed that average NDVI values prior to forest fire occurrences ranged from
approximately 0.50 to 0.52, whereas post-fire NDVI values declined to between 0.27 and 0.30. The
difference in NDVI (ANDVI) ranged from 0.14 to 0.25, indicating a statistically significant decrease in
vegetation greenness. Correspondingly, the mean NDMI values before the forest fires ranged from 0.17
to 0.51, while post-fire NDMI values declined to between 0.03 and -0.03, reflecting a substantial loss of
vegetation moisture. This reduction is attributed to combustion processes and the evaporation of

canopy water resulting from the forest fires. Analysis of NDMI change (ANDMI) further demonstrated
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variation between 0.18 and 0.48, highlighting severe vegetation moisture loss in areas directly impacted
by fire. Accuracy assessment of the burned-area classification derived from Sentinel-2 imagery yielded

an overall accuracy of 92.99% and a Kappa coefficient of 0.83, suggesting a high level of classification

reliability.

Keywords: forest resources, conserved forest, protected forest, the impacts of forest fires
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Mushayi et al. (2023) uansn3 Table 4
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HIAFEUTU

1) AUIUMVLIAVBINGUAIBENS ANt
nsduiaunuvesiiuit il lufuil Anwn Tngld
ABNsas1ganuUdNAwLeenluda aaglusunsy
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lndergnnarenruiiey Sentinel-2 Tud w.a. 2567
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(szrudpdiAey 0.05 dAvianu 2 (1.96)) wag
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2) Yszilluanugnaesvesdeya laenisin
Toyaiildarnnisasiuiidisaniaauiy wviins
FiAseiil emadug neavestaya 4 imanis
AsvdeuAUgns ozt uLuuAITINURT nIIAY
mmgﬂﬁaﬂim (overall accuracy) AeaUNTT (8) ey

SulszAvisuaui (Kappa coefficient) #4an3 (9)

Table 2 Spectral index equations for Sentinel-2 image analysis

Spectral index Equations Number
NDVI (NIR - RED) / (NIR + RED) (1)
(B08 - BO4) / (BO8 + BO4) (2)
dNDVI NDVI refire = NDVI postfre (3)
NDMI (NIR - SWIRT) / (NIR + SWIR1) (4)
(B04 - B11) / (BO4 + B11) (5)
dNDMI NDM! prefire = NDMI postfire (6)
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Table 2 (Continued)

Spectral index Equations Number
n (2% (p) ()] / €? @)
Overall accuracy (Total number of correctly (8)

classified points / Total
points) x 100

Kappa coefficient N Xio1Xii — Zir=1(xi X Xj) 9)
N2 3L (% X x;)

Table 3 Normalized Difference Vegetation Index classification with delta (NDVI) ranges

for severity classes

dNDVI value range Level
-0.31 - +0.10 Very low
+0.10 - +0.20 Low
+0.20 - +0.30 Moderate
+0.30 - +0.40 High
+0.40 - +0.68 Very high

Table 4 Normalized Difference Moisture Index classification with delta (dNDMI) ranges

for severity classes

dNDMI value range Level
-1.00 - -0.60 Very low canopy cover
-0.60 - -0.20 Low canopy cover
-0.20 - +0.20 Mid-high canopy cover
+0.20 - +0.60 High canopy cover
+0.60 - +1.00 Very high canopy cover
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Table 5 Normalized Difference Vegetation Index (NDVI) and Normalized Difference Moisture Index

(NDMI) before and after wildfire

Time period Month-Year Situations NDVI NDMI

Min  Max Mean Min  Max Mean

Period | November 2019 Pre burn -0.31  0.78 051 -057 055 0.17
April 2020 Post burn -1.00  1.00 027 -1.00 057 -0.02

Period |l November 2020 Pre burn -0.32  0.79 052 -043 0.54 0.18
March 2021 Post burn -0.22  0.69 028 -062 046 -0.03

Period Il November 2021 Pre burn -0.31  0.77 0.51 -030 0.77 0.51
March 2022 Post burn -0.25  1.00 036 -059 046 0.03

Period IV November 2022 Pre burn -0.34¢  0.75 051 -042 0.60 0.19
March 2023 Post burn -0.19  0.65 027 -0.75 043 -0.01

Period V November 2023 Pre burn -0.31  0.76 050 -052 0.54 0.17
March 2024 Post burn -1.00  0.71 030 -1.00 050 -0.01
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Table 6 Differenced Normalized Difference Vegetation Index (dANDVI) and Differenced Normalized

Difference Moisture Index (ANDMI)

Time period dNDVI dNDMI
Min Max Mean Std dev. Min Max Mean Std dev.
Period | -0.97 1.11 0.23 0.11 -0.73 1.11 0.19 0.09
Period |l -0.66 0.76 0.24 0.11 -0.65 0.88 0.22 0.10
Period Il -0.70 0.85 0.14 0.10 -0.49 1.01 0.47 0.11
Period IV -0.62 0.67 0.23 0.10 -0.63 0.97 0.20 0.09
Period V -0.66 0.98 0.20 0.20 -0.66 1.02 0.18 0.11

Table 7 Accuracy assessment results of reference points for burned area in Phrae National

Forest Reserve

Satellite image classification Field verification results Total User’s accuracy

Burned area  Unburned area (%)

Classified as burned area 102.00 16.00 118.00 95.88

Classified as unburned area 11.00 256.00 267.00 86.44

113.00 272.00 385.00

Producer’s accuracy (%) 94.12 90.27

Overall accuracy (%) 92.99

Kappa coefficient 0.83
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NDVI - pre burn

2019 2020 2021 2022

NDVI - post burn

2020 2021 2022 2023 2024
Figure 1 NDVI maps before and after wildfires in Phrae National Reserved Forests

between 2019-2024

NDMI - pre burn

LLLLL
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NDMI - post burn

LLLL

2020 2021 2022 2023 2024

Figure 2 NDMI maps before and after wildfires in Phrae National Reserved Forests

between 2019-2024
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This study investigated the growth performance of Mekong giant catfish (Pangasianodon gigas)

fed with diets containing different forms of Arthrospira platensis: 3% Arthrospira powder (D-SP), 30%
fresh Arthrospira (W-SP), 30% fermented Arthrospira (F-SP) and a control diet. The fish were cultured in
cages placed in earthen ponds, with 30 fish per cage, using a Completely Randomized Design (CRD). The
initial average body weight of the fish was 47.09+0.00 ¢. Each treatment was conducted in triplicate.
Fish were fed at 5% of body weight per day for a period of 60 days. The results showed that the average
weight gain of fish in the control group was 247.00+19.99 ¢, while those fed with D-SP, W-SP, and F-SP
diets had average weight gains of 226.50+26.75, 199.90+19.59 and 255.50+17.20 ¢, respectively. The
daily growth rates for the control, D-SP, W-SP, and F-SP groups were 4.12+0.33, 3.78+0.45, 3.33+0.32,
and 4.25+0.28 g/fish/day, respectively. Protein efficiency ratios were 88.46+0.00, 87.39+0.00, 88.56+0.00,
and 87.25+0.00% for the control, D-SP, W-SP, and F-SP groups, respectively, with survival rates of 100%
across all treatments and no significant differences (p>0.05). Regarding body length, fish fed with the
W-SP diet showed the longest increase (7.28+0.23 cm), which was significantly higher than those fed
with the D-SP diet (p<0.05). The feed conversion ratios (FCR) of fish fed with the control and W-SP diets
were 2.83+0.01 and 2.82+0.01, respectively, showing a significant difference (p<0.05). The lowest feed
cost per kilogram of fish production was observed in the W-SP group. In conclusion, feeding Mekong
giant catfish with a diet containing fresh Arthrospira platensis (W-SP) results in the longest body length,
the lowest feed conversion ratio, and the lowest production cost per kilogram of fish. Therefore, fresh

Arthrospira platensis is a suitable ingredient for Mekong giant catfish feed formulation.

Keywords: Mekong giant catfish, Arthrospira sp., growth performance
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Table 1 The composition of feed mixed with Arthrospira sp.

Ingredients (%) control D-SP W-SP F-SP

Fish meal 30 30 30 30
Soybean meal a4 41 41 41
Rice bran 10 10 10 10
Broken rice 15 15 15 15
Arthrospira sp. 0 3% 3* 3*
Vitamin 1 1 1 1
protein 40 40 40 40
Total 100 100 100 100
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Table 1 (Continued)
Ingredients (%) control D-SP W-SP F-SP

Proximate analysis (%)

Protein 39.28+0.83 39.51+0.75 39.07+0.55 39.13+0.38
Moisture 6.24+0.03° 6.36+0.16% 6.97+0.10° 7.18+0.03°
Ash 10.09+0.05° 10.73+0.06° 10.5+0.02° 10.66+0.05°
Lipid 2.37+0.04° 2.2+0.08a" 2.46+0.07° 2.01+0.00°
Fiber 9.38+0.29° 7.79+0.07° 9.51+0.12° 8.4+0.08°

Data were represented as means+SE different letters in each row indicate significant differences (p<0.05).

*Arthrospira sp. calculate base on dried matter basis.

dndnaass lWUardnvuin 47.09£0.00 n3u
Aeddunsedaiinidlutefiu $1uau 30 farensyds
Ustnaunild i duuva wihannsssumafidnsaes
wWrluteneaemn 9 2 dUan

UNUNITNARDY LUV UaHY 50l (CRD)
lunnganaass ermisuardn 5 wWesidusdvas
Vg fuar 2 afe 18y insnaasaduy
szeve 60 Ju asaiaruemLaviinvesUain
NNAINN 9 14 TU AUATUTLELLIAIVDINITNARDY
wazifutoyadulsyAvsnmmaaiaivie fod

1) indned e udu (WG) (g) = vamdn
Uaua?{mﬁaguqmmimaaq — dwinvanededle
SUNTVIAEBY

2) $h5150m (SR) (%) = (Frunuvaniilodugn
Msnaaes X 100) / Bunuvandedunisnaass)

3) §nsnsuaniiie (FCR) = (thwidnves
oMy x 100) / (hwedndasth it

4) dnsnsasiulesiaiu (ADG) (g/Ay/
fu) = Wwinadeaae - dwiinadesudu) /
IIUIUTY

5) e iinasresUan (LG) (cm) =
mmanﬂam?{aLﬁaguqﬂﬂWimwaaq - ANNEIUa

WRAULIBLSUNNTVNAABY

6) Uszavisnmnslilusiu (PER) = (awin
Uanidfistu / druinlusfufivaniu) x 100
(Nareerat et al., 2019)

n1sIAsIerveyaniad i dndeyaly
TS NeEd @ laediasiganuudsusiu
(ANOVA) Ll 9 nw1AI1ULANG1970 I4A aZN3 ALIUE
nvusuiieuaed svemInuud Tngdves
Tukey’s test fisedutiudfayn19adnfi p<0.05

nsRnuduumakanawnsdaith

1. #unuAtemssenisiuiiminyan 1
Alansu (U1n/ nn.) (Yooyen et al., 2025) = FCR x
AUNUBINNS

aouiviide: UeRunnass wavresU fUAng
anzmaluladnisUssusnaznsnennsnien

UUING8 LD F9urTnTealvy
NaN15I8

massiulavasatniidest e wnsrauamse

2151556 lus
nansanwnsesyivlnveslandniiaes

Frevnnaaes 4 gas Tasn1snaaedldtmdnuan

WBSUAY AU 47.09+0.00 NSUABAI LABITTELLIAN

151



Journal of Agricultural Research and Extension 43(2): 147-157

60 Ju nan1sMAaBINUI1 tndniadsfiiuduves
Uardnlugm control dawnfiu 247.00£19.99 n3u
dnlulantniasaseetms D-SP, W-SP way F-SP
SUmTnLad ol ud wvnfu 226.50426.75,
199.90+19.59 wag 255.50+17.20 AFH WUINNNYA
nsneaesliiinuunnatsegeiivedAynieain
(p>0.05) @1uANNENLAA BNUTY YANARDIT LA TU
9113 W-SP fannugnaadefiinduniniian fe
7.28+0.23 3. 4 9unnsineegedifeddyiuyn
NAand D-SP (p<0.05) ludiuveddnsnnisasayiuls
AOTU NUINYANAGBY control, D-SP, W-SP uag F-SP
1M1 4.12+0.33, 3.78+0.45, 3.33+0.32 Uay 4.25+0.28

nsusefnety deluunnd1afun1adf (p>0.05)
Turaiidhsnmauanidevesyannassiildsuaims
control tag W-SP d@1 2.83+0.01 way 2.82+0.01
PUEFU waznuinemaaesdilésuaims D-SP uaz
F-SP &A1 2.86+0.01 Waz 2.86+0.01 waNs1908193
Hod1Agyn19ads (0<0.05) TudiuvodnIITaaNnUI
NNYANAaBIl N8 100 Wosidus wazludiu
v99UszdnSamnsldlusau nudrganaasy
JUszdnsarnnislalusaualnataesdu Av
88.46+0.00, 87.39+0.00, 88.56+0.00 wag 87.25+0.00

wagluumnsnsiuegeildedAyn1sad@ (p>0.05)
(Table 2)

Table 2 Growth performance of Mekong giant catfish fed with feed mixed with Arthrospira sp.

Treatment WG (g) LG (cm) ADG (g/fish/day) PER SR (%)
Control 247.00£19.99° 5.63+0.81% 2.83+0.01° 4.12+0.33° 88.46+0.00° 100
D-SP 226.50+26.75° 5.35+0.35° 2.86+0.01° 3.78+0.45° 87.39+0.00° 100
W-SP 199.90+19.59° 7.28+0.23" 2.82+0.01° 3.33+0.32° 88.56+0.00° 100
F-SP 255.50+17.20° 6.90+0.24° 2.86+0.01° 4.25+0.28° 87.25+0.00° 100

Data were represented as means+SE different letters in each column indicate significant differences (p<0.05).
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Table 3 The cost of all experiment feed

Treatment Cost FCR Feed cost
(Baht/kg) (Baht/fish 1 kg)
control 35.08 2.83 99.3
D-SP 34.42 2.86 98.4
W-SP 34.42 2.82 97.1
F-SP 34.42 2.86 98.4
Isalnan1sivy unnierareananndumeaisnnnnines 49

wamﬁﬁﬂ‘mmm‘%m@u‘lmaaﬂmﬁﬂﬁLgm
A1881Y1INARDY 4 AT AB BINT control kA
9IMSHANAMTI8815153alUS 3 gAT KaN1INAREY
wudn hndnede ity gnsn1sisulane iy
Sasmsuaniile Ussdnsnmnsidlusiu wasdas

FOAVDINNYANITNAFDILUTAULANAII0E 98]

e

[

peAYNINEDaA (p>0.05) TudiuresAueLade

7

' [

L o=

=2 ~ A

Fiiutu YanTndilasuemns W-SP daruunneing
ag9lded Ay (p<0.05) LLaza“’mmamﬁya‘Luﬂdu
284 control kag W-SP finuuanea1sed1siiiodngy
(p<0.05) aruenadeveslardniiunndstulunis
VAABTE donRdosUNISANY U (Saowakoon et al.
(2013) l@fin1smnasndsslardnlunsedadiaan
RUIUULANFA1SAY WU UG NTEEIaT 1-6 LU
vasnsid selandniiauenveslarindiunnsig
ogafifuddymeadflundazgannaes Tuvaeiiilo
89979 7-12 oy wudnmuenvesdavandn
Tiuanenaiy (p>0.05) o1aufieannanuandnlugag
vz 1-3 Wew InmsWauduanueniiwandieiy
Tongsanga and Polprasit (1991) lavMn15LAY
Fog19lUsTIUYIR WUINANLNNBEATOUNALTE
fiAunnsnsegsiifioddyBsanines (p<0.01) 91

NUITBAINA1INUI Nsvardnurenguiiniuen?

TunsanwiadailalduennavarOnlunisnaaes
Tuduresnisiasgiule wuhminedsdiudu
wardnsINITasAulasiady vaslardnlunnys
naaasldunnanefy §edonndsiunisfnuives
Saowakoon et al. (2013) wuin1sliemislaidn
ﬁwmaaqLgaqﬁaaqmiawwﬂil,t,mﬂ@iwaﬁ’u Tusvegiian 4
douwsn luwuanuuanatesimindiuguly

winzyAnaaed luvaeiiloldusiue 5 ineuiuly

' ¥
a =

ihninfifinturestardnlugamaaosdanuuansig
fupgnafitudfy 9naudsefingriun ilinsuda
sraznaiidedldlunis@nsinisiayiiulnves
Uandn Feenidfeadedenidunisdnuluszeziaan
60 Tu Fwihlinansas gy ulndsladamnuunnsiaiy
ludiuvesszansammsidiusiuvesuardnlumn
YANAaadbilAUwAN1IT Y LARIINGATEINIS
naaosnssiuardnanunsatlusiululdusslondls
TndlAeiu wazamseerslssalusaiuisalddu
wiaslusaulan Fedinsihaunldnaunulardulunis
BosUansulluimsd (Altmann and Rosenau, 2022)
wazrUan African catfish (Rosenau et al., 2021) {usu

aunulunsdnlan 1 Alansy wuinems
gns W-SP daunuA10111318U 97.1 uneie
devan 1 Alansy iWudunulunswdauandidhiian

watlalSeuisununNIsAnYIvee Saowakoon et al.

153



Journal of Agricultural Research and Extension 43(2): 147-157

(2013) madssUandnluszezingt 12 Wou vl
Adnsuaniile 1.60-1.70 Fsdsnalsiduyunandn
vadnanaudlanFeudisutiuniades 60 Tu
nnsdnuluadall wudtewnsnaasi
4. g3 e control uagNTETNENMIIEa5leTAlUSY
3gms i minedefifiuiu usdrmmasiydvie
nafu veslanUnlunnysmaaediunnsineiy uidns
LLamﬁaﬁﬂummam control uag W-SP (p<0.05)
wagsnulunsndsan 1 Alandu wudtewnsgns W-SP
ffunusiniae fafu maasuamssendlssalsan
Frevililensuaniides uinsiesadulnvesan
TnilaSuamineenslssalus us an wagmin laid

AUBANFNAY
#3UNan153Y

nsAnwinsesaiulnvesdandndiia o
AIYEATIMSHANAIMT 815 l55alUTY Ao 8mns
AIUAY (control) 8 MNSHaAND1S LssalUsIne 3
Woesidus (D-SP) msuaueslssalusian 30
Wosidus (W-SP) wazormswaueislasalusimdn
30 wWosldus (F-SP) Tuszezinan 60 Tu wan1svnas
WU dhedniedeiiiudy nsnsasyAulac iy
UsgdAniamnisldlusiu uazdnsnsenvesmnyn
nsnaaeslidauuanaisegiidsdAgn1ead @
(p>0.05) uAA211871LAA BT 1 1T uYDIY ANAADS
W-SP fimuusnangae9ditd1Agnsana (p<0.05)
wardmsnisuanid aveayAnnass control uaz
W-SP fendflanuazuandnsegiitudifgnisads
(p<0.05) drusunulunisndadar 1 Alansu wuin

N3GRS W-SP TAUYLAIDIMIHNNER

ARRNISUUIZAA

suf Tl Idnuatuay usuyagiu
(Fundamental Fund) UsganUsuuseunad w.a. 2566
Uag W.A. 2567 NNE1UNINUANENTTUNITAILETY
YGRS IBUarUInNIIN (@nan.)

LONEISD19D9

Alagawany, M., A.E. Taha, A. Noreldin, KA. El-
Tarabily and M.E. Abd El-Hack. 2021.
Nutritional applications of species of
Spirulina and Chlorella in farmed fish:
a review. Aquaculture 542: 1-11
https://doi.org/10.1016/j.aquaculture.
2021.736841

Altmann, B.A. and S. Rosenau. 2022. Spirulina
as animal feed: opportunities and
challenges. Foods 11(7): 965
https://doi.org/10.3390/foods11070965

Ansarifard, F., H.R. Islami, M.S. Mehrjan and
M. Soltani. 2018. Effects of
Arthrospira platensis on growth, skin
color and digestive enzymes of koi,
Cyprinus carpio. Iranian Journal of
Fisheries Sciences 17(2): 381-393
https.//doi.org/10.22092/1JFS.2018.115878

AOAC. 1990. Official Methods of Analysis.
15" Edition. Washington DC.:
Association of Official Analytical
Chemist. 1300 p.

154



Carneiro, W.F., T.F.D. Castro, T. Reichel,

P.L. de Castro Uzeda, C.A. Martinez-
Palacios and L.D.S Murgas. 2022.
Diets containing Arthrospira platensis
increase growth, modulate lipid
metabolism, and reduce oxidative
stress in pacu (Piaractus
mesopotamicus) exposed to
ammonia. Aquaculture 547: 1-11
https://doi.org/10.1016/j.aquaculture.
2021.737402

de Marco Castro, E., E. Shannon and N. Abu-

Ghannam. 2019. Effect of
fermentation on enhancing the
nutraceutical properties of Arthrospira
platensis (Spirulina). Fermentation 5(1): 28
https://doi.org/10.3390/fermentation
5010028

Dernekbasi, S., H. Unal, I. Karayucel and O. Aral.

2010. Effect of dietary supplementation
of different rates of Spirulina (Spirulina
platensis) on growth and feed
conversion in guppy (Poecilia
reticulata Peters, 1860). Journal of
Animal and Veterinary

Advances 9(9): 1395-1399
https://doi.org/10.3923/javaa.2010.1395.
1399

Duncan, P.L. and P.H. Klesius. 1996. Effects of

feeding Spirulina on specific and non-
specific immune responses of channel
catfish. Journal of Aquatic Animal
Health 8: 308-313,
https://doi.org/10.1577/1548-
8667(1996)008<0308:EOFS0S>2.3.CO;2

Journal of Agricultural Research and Extension 43(2): 147-157

Hill, C. 1980. The Secrets of Arthrospira.
Boulder Creek, California: University of
the Trees Press. 218 p.

Mengamphan, K. 2016. Mekong Gaint Catfish
for Economy and Community.

1" Edition. Chiang Mai: Office of
Academic and Development,
Maejo University. 134 p.

Nareerat, S., M. Phinyo and A. Khieokhajonkhet.
2019. Effects of tamarind seed meal
in diets on growth and feed efficiency
in red tilapia (Oreochromis niloticus x
O. mossambicus). Journal of
Agriculture 35(2): 321-332. [in Thai]

Niccolai, A., E. Shannon, N. Abu-Ghannam,

N. Biondi, L. Rodolfi and M.R. Tredici.
2019. Lactic acid fermentation of
Arthrospira platensis (spirulina)
biomass for probiotic-based products.
Journal of Applied Phycology

31: 1077-1083.
https://doi.org/10.1007/510811-018-
1602-3

Peerapornpisal, Y. 2009. Potential of
freshwater macroalgae as food and
medicine. Retrieved from
https://www.researchgate.net/publicati
on/348691116 Potential of freshwate
r macroalgae as food and medicine

Pintasiri, T. and J. Promya. 2019. Effects of
Arthrospira platensis supplemented
diets on growth performance of rice-
field carbs (Sayamia bangkokensis).

Khon Kaen Agriculture Journal
47(2): 7-14. [in Thail

155


https://doi.org/10.1007/s10811-018-1602-3
https://doi.org/10.1007/s10811-018-1602-3

Journal of Agricultural Research and Extension 43(2): 147-157

Promya, J. and K. Saetan. 2005. Spirulina

Cultivation for Health. Chiang Mai:
Sirinat Printing. 39 p. [in Thai]

Rosenau, S., E. Oertel, C. Dietz, S. Wessels,

J. Tetens, D. Morlein and M. Ciulu.
2021. Total replacement of fishmeal
by Spirulina (Arthrospira platensis) and
its effect on growth performance and
product quality of African catfish
(Clarias gariepinus). Sustainability
13(16): 8726
https://doi.org/10.3390/su13168726

Saowakoon, S., P. Ngamsnae, K. Saowakoon,

S. Phaukgeen, Y. hongtengsagool and
T. Somnuk. 2013. Yield Increasing
Technique of Mekong Giant Catfish
(Pangasianodon gigas) Culture in
Earthen Ponds and Cages for
Technology Transfer to Farmer.

65 p. In research Report. Surin:
Rrajamangala University of Technology

Isan Surin Campus. [in Thail

Sherif, E.M., .M. Abd El-Razek, M.E. El-Sharawy,

AA. Amer, Al. Zaineldin, M.S. Gewaily
and M.A. Dawood. 2024. Growth
performance, antioxidative status, and
immune response of Nile tilapia
(Oreochromis niloticus) fed dietary
fermented Spirulina platensis.
Aquaculture Reports 39: 1-13,
https://doi.org/10.1016/j.aqrep.2024.
102324

Suthus, P., J. Nachaipherm and Y. Philakhong.

2022. Commercial Culture of
Mekong Giant Catfish (Pangasianodon
gigas Chevey, 1930) with Sex-reversed
Nile Tilapia in Earthen Pond Nong
Khai. Nong Khai: Fisheries Provincial
Office, Extension Paper No. 1/2022. 32 p.
[in Thai]

Tongsanga, S. and S. Polprasit. 1991. Some

Aspects on the Biology of the Mekong
Giant Catfish, Pangasius gigas (Chevey).
pp. 521-528. In Proceedings of the
29" Kasetsart University Annual
Conference: Animals, Veterinary
Medicine, Fisheries. Bangkok: Kasetsart

University. [in Thai]

Tongsiri, S., K. Meng-Amphan and

Y. Peerapornpisal. 2010. Effect of
replacing fishmeal with Spirulina on
growth, carcass composition and
pigment of the Mekong giant catfish.
Asian Journal of Agricultural
Sciences 2(3): 106-110.

Venkataraman, L.V. 1983. A Monograph on

Spirulina (Arthospira) platensis,
Mysore: Central Food Technological

Research Institute. 100 p.

Yooyen, T., S. Laysing, T. Chainapong and

J. Pechsiri. 2025. The application of
fishmeal processing wastes for
reducing feed cost of butter catfish
(Ompok bimaculatus) Culture.
Recent Science and Technology
17(2): 262032. [in Thai]

156


https://doi.org/10.3390/su13168726

Journal of Agricultural Research and Extension 43(2): 147-157

Yu, J., C. Liu, M. Wang, Y. Liu, L. Ran, Z. Yu and
Y. Wu. 2024. Nutrition and flavor
analysis of Spirulina through co-
fermentation with Lactobacillus
acidophilus and Kluyveromyces
marxianus and its effect on
attenuating metabolic associated fatty
liver disease. Journal of Functional
Foods 116: 1-14
https://doi.org/10.1016/}.jff.2024.106

157



Journal of Agricultural Research and Extension 43(2): 158-172

msLﬁugaﬁﬂﬂaﬂuaaiuwészaﬁqEJmiﬁmmﬁﬂ%’ummsmmaamma
waENI5UTEUAMAIMILATUING
Enhancing the Value of Milkfish (Chanos chanos) through the Development

of Spices Trio Tasty Sauce Recipes and Nutritional Evaluation
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This research aimed to develop a standardized recipe for pan-fried milkfish with a spices trio
tasty sauce and to evaluate its nutritional values. The development of a standardized recipe was
conducted through sensory evaluation using the 9-point hedonic scale and the Just-About-Right (JAR)
method from 10 food experts, and the best overall qualities were selected as the standard recipe. The
physicochemical properties of the fish meat and the trio sauce were analyzed. Nutritional values were
assessed according to the Thai Nutrition Labeling standards. Results showed that the pan-fried fish had
a moisture content of 65.22%, with color values of L*, ag*, and b* at 63.49, 7.55, and 23.40. Texture
profile analysis indicated that hardness, summiness, and chewiness were 135.28 N, 34.31 N, and 16.15
N, respectively. The trio sauce exhibited L*, a*, and b* values of 29.43, 11.21, and 8.53, respectively,
with a viscosity of 831.16 cP, a pH of 3.16, a salinity of 33.6%, and total soluble solids of 29.4 °Brix.
Sensory scores of the standardized recipe were 8.2+0.83 for appearance, 7.5+1.11 for aroma, 8.0+0.86
for taste, 7.2+0.83 for flavor, 7.8+0.78 for texture, and 7.7+0.72 for overall acceptability. Nutritional
analysis per 100 ¢ (70 g pan-fried fish and 30 g trio sauce) indicated 176.64 kcal energy, 16.29 ¢ protein,
7.32 ¢ total fat, and 11.4 ¢ total carbohydrates, including 1.58 ¢ dietary fiber. It also contained vitamin
B1 and B2 at 0.026 and 0.034 mg, calcium and iron at 48.62 mg and 0.61 mg, respectively, along with

315.43 mg sodium and 61.10 mg cholesterol.

Keywords: milkfish, spices trio tasty sauce, standardized recipe, protein form fish
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(A) milkfish preparation and (B) pan-fried milkfish with spices trio tasty sauce
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Figure 2 (A) liking scores and (B) Just-About-Right (JAR) scale of pan-fried milkfish with spices trio

tasty sauce (basic formula) (n=10)
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Figure 3 Liking scores of different recipes of spices trio tasty sauce (n=10); F1, F2, and F3 means

130g, 110g and 80g of brown rice vinegar in formulas, respectively. Different letters in the

bars denote significant differences between formulas (p<0.05).

N1sNAaeUANANUANIWATNI8ATN
(physicochemical properties) 31615 U195 U
Fiannld uonssmnsdiuvesiieUanfuduwesvan
NUIFSUUAIUIAIUNINELATIALOFENTE dIUTBY
\ouamenilianuiudesas 65.22+0.61 fiday
A119V09F L* 63.49+1.97 AdUAY a* 7.55+0.56 Laz
Addes b* 23.40+0.60 Sidnuwardudeduiayan
wradunsnzia A7 Usuenadunds (hardness)

135.28+1.19 N A1n158aLN1e (cohesiveness) hay

ANSEARA (adhesiveness, N.sec) 0.26+0.02 whay
0.09+0.01 M1UE1A Y AAIMUEANY U (springiness)
0.63+0.02 A1A2131Td 8710 we1e (gumminess)
34.31+1.30 WagAULULET (chewiness) 16.15+0.66
AUYDINEIAIAIUATNOSE L* 29.432+0.22 ANALAS
a* 11.21+0.22 uagA@Lnaed b* 8.53+0.27 dA1A11H
#iln 831.16233.45 P Armadunsn-Ang 3.16+0.02
AANLLAL (salinity (%)) 33.62+1.22 uazAIMINULTNTY
ool itavandhnin 294+092 *Bix fauanslu Table 1
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Figure 4 Just-About-Right JAR) scale percentages of different recipes of spices trio tasty sauce, F1, F2,

and F3 means 130g, 110g and 80g of brown rice vinegar in formulas, respectively (n=10)
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Table 1 Physicochemical properties of pan-fried milkfish and spices trio tasty sauce

Characteristics Pan-fried milkfish Spices trio tasty sauce
Moisture content (%) 65.22+0.61 -
Color

L* 63.49+1.97 29.43+0.22

a* 7.55+£0.56 11.21+0.22

b* 23.40+0.60 8.53+0.27

Texture profiles

Hardness (N) 135.28+1.19 -
Adhesiveness (N.sec) 0.09+0.01 -
Cohesiveness 0.26+0.02 -
Springiness 0.63+0.02 -
Gumminess (N) 34.31+1.30 -
Chewiness (N) 16.15+0.66 -
Resilience 0.11+0.01 -
Viscosity, cP - 831.16+33.45
pH - 3.16+0.02
Salinity (%) - 33.6+1.22
°Brix - 29.4+0.92

Data are expressed as mean+standard deviation (n=5).

n1snAgaun1sEaNsTuluaITuUNInTgIuITIENIS dedudassiurouuiunansdl 7.5£1.11, 7.2+0.83
Uauaduninziasinwadaausd WAy 7.8+0.78 ATLUU AINAIAU wazllAzUUUA1Y

darwiadunineiasageaaiusalansuuy  anwazUsinglausiuuassavid laaswuuseau
ANYBULAYTINTEAUYEUUIUNAIY 7.7+0.72  ¥BUNIN 8.20.83 Uar 8.0+0.86 AU MIUAINY

ATLUY 1AUTATULUAIINYDUAIUNAY NAU-5 W Aalansly Figure 5
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Figure 5 Liking scores of pan-fried milkfish with spices trio tasty sauce; (n=10)

msﬂszLﬁuqmﬂ'ﬁmﬂmmmswaawﬁmﬁm%ﬁﬁu
q' v ¥

WIAIFIUNRRULA
Han1sUsEluamuAImelaruInsiuTIM

A159719150U 100 NSU Aekandly Table 2 wu3n

YaNUIAIUNT NELATIAYDAFIUTALANS 991 UN VLA

Wiga 176.64 Dlawnass WAlUsAY 16.29 nSu Tlvsuy

Wanua 7.32 n3u andlulemsavianun 11.4 n3u @4
WJunanle 1.58 nfu d3a18u0 1 wazdadud 2
0.026 waz 0.034 un. TusEWUAALTHULAZEINWAN
48.62 uaz 0.61 un. awarsy Tuvasiduiuiu
lguien 315.43 un. LagAvLadnesea 61.10 un.

AUAIAU

Table 2 The nutrition facts of pan-fried milkfish with spices trio tasty sauce

Nutrition facts

100 g of sample

Total energy (Kcal)
Energy from fat (Kcal)
Total fat (¢)

Saturated fat ()
Cholesterol (mg)
Protein (factor 6.25) ()
Total carbohydrate (g)
Fiber (g)

Sugars (g)

Sodium (mg)

176.64
65.88
7.32
1.86
61.10
16.29
11.40
1.58
9.67
31543
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Table 2 (Continued)

Nutrition facts

100 g of sample

Vitamin A (mcg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Calcium (mg)
Iron (mg)

Ash (g)
Moisture (g)

0.026
0.034
48.62
0.61
1.69
63.30

32150iNaN1538

NIRRLIRSUNIRsgINUaIaTunivsE
JIAYOHAUTA (g0 F3) devanitiunszuaunis
W nenfe uazdausdaduturunnUssana 6x7 T
ovangndutuazreaan 1wy dendailius
nvuldiusunndntesuazUsssadasinie
winlnewfierisannaun1n neunismenagnutile
anduaudundauliununainouninendae
dhsfudunans (pan-fried) sliilevaniidndemes
Ursuusenmu (b* WnAu 23.40) dkwalduaingin
welsiueedlulyunsd uduarsdmdesdsdusiudu
Uﬁﬁ%mmﬂﬁmﬁﬁﬂma (maillard reaction) s¥%314
nsnewiilu (amino acid) wazinna3nag (reducing
sugar) Tuo191s (EL Hosry et al., 2025; Xiao et al.,
2025) vlRlddnvazveniovamendifnusdo
v 18 o297y vuneds dnwazusinglailay i
Sulsenu SAvdomes anwed ioluudensedn
Lifindumiiuan ndsmsmeameanuureailolan
anaundedenar 6522 dulouninA1ANTUTeS
Yarulasuns neiadn (Chanos chanos, Forskal)
fisneeulag Malle et al. (2019) Fsfidndasay 70.79
wansliifiuinvangnudsanuduisadntes s

gadoninuduil drdadidunasinnisnende

svgvanduiios 1-2 uiideusazduresian Tag
NITUIUNTVNOARANUTDULUULIA (dry heat) 8814
g dewalilideuadenuniu uddsasaudy
2uazyy liudenszdne aonndesiusauves
Zhang et al. (2021) #iszyinanufourinlilusiu
TuTedu (Myosin fitament) lurdulenduiile
(myofibril) tAan1sIAnn1sARIEAI08n N TUTAY
waNAY (actin filament) qag@mmwmmmﬁ (thermal
denaturation) wazannznou dwalidevaniiduas
edudaiuasulunuudundulals Grreversible)
Na13A9 TAULUY (firmness) wagdang unod
Tuvagifenu n1syulvunsneunenyelilussu
afetutiostuuuina annsgapdetiuasiiniu
SeImen JeaenAdoaUTIBILYed Brannan and
Pettit (2015) finuinlusiuain whey protein luans
\WAABURAY (coating) YBIBIMITNOAYILAANTARLEE
mm%uuasmi@m%ufwﬁu

uaﬂmﬂ‘ﬁ NUINBVDY Gutiérrez-Silva et al.
(2023) wuinutdaneansou (breader) ﬁﬁiﬂiﬁuqq
mmimhEJ%’ﬂmmméﬁyuuazﬂmmwmamﬁmﬁmeﬁ
nealauiy wansliiuiinsialusfauduans
waoud Wiewanluwdvennsaunouneniiunuiv
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(pelagic fishes) Ly uLA #3n uUany, (mackerel)

[
a

Uane1$au (sardine) wazuaryun (tuna) Uangy
fifanssuge anunsndeiegsiedlaufieuiudh
dhiueuasmauinsluiomea dwaliiind o
fanuudeusaasindodudaduuuy (Chaijan et al.,
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et al. (2017) fiszyinsidunsedeinlugisnsngeu
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11.21 uaz 8.53 MIUaIAU LayAIunila 831.16 cP
Wuauaudfniuainieninvesweaausagns F3
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The purposes of this research were to (1) study the effect of varying drying times on the
quality of dried Wolffia powder and (2) determine the appropriate amount of Wolffia powder for
supplementing the Thai custard. The results of drying Wolffia at 60°C for 0, 2, 4, 6, and 8 hours
showed that the best quality of Wolffia for developing the Thai custard dessert was achieved at
a drying time of 8 hours. The dried Wolffia had a statistically significant decrease in lightness (L¥),
redness (a*), and yellowness (b*) values (p<0.05). The water activity of the dried Wolffia was 0.33,
whereas the protein, fat, dietary fiber, ash, and moisture content were 19.51, 2.80, 10.36, 16.31,
and 4.40%, respectively. Thai custard supplemented with Wolffia powder at 3 levels (1, 2, and
3%) was developed; it was found that increasing the amount of Wolffia powder in the Thai custard
resulted in a statistically significant decrease (p<0.05) in L¥, a*, and b* values, while the firmness
tended to increase. Sensory evaluation, in terms of appearance, color, flavor, taste, texture, and
overall liking attributes, using a 9-point hedonic scale, revealed that 1% Wolffia powder
supplemented in the Thai custard was the most accepted. Nutritional analysis demonstrated that
100 grams of the dessert contained 11.40% protein, 9.10% fat, 14.85% carbohydrates, 0.78% ash,
0.13% dietary fiber, and 63.74% moisture, respectively. Consumer satisfaction and acceptance

indicated that 97.0% of consumers accepted the Wolffia powder-supplemented Thai custard
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dessert; reasons included its health benefits, interesting novelty, and a reasonable price of 35

Baht per box.

Keywords: Thai custard dessert, dried Wolffia powder, protein supplemented, consumer acceptance
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Table 1 Formulation of Thai custard dessert with different levels of dried Wolffia supplementation

Ingredient Dried Wolffia supplementation (%)

Control 2 3
Taro 9.00 9.00 9.00 9.00
Egg white (duck) 37.36 37.36 37.36 37.36
Coconut milk 43.09 43.09 43.09 43.09
Palm sugar 772 772 7.72 772
Pandan leave 2.57 2.57 257 257
Salt 0.26 0.26 0.26 0.26
Dried Wolffia 0 2 3
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Table 2 Physical properties Wolffia powder at different drying time

Properties Time (hr)
0 2 4 6 8
Color L* 29.65+0.01° 26.80+0.13° 24.96+0.13°  22.01+1.15°  19.37+0.89°
a¥ -9.44+0.01° -5.40+0.02° -3.78+0.01°  -3.48+0.01°  -2.93+0.03°
b* 28.95+0.11° 24.48+0.29° 21.37+0.03°  19.14+0.04°  16.53+0.36°
Aw 0.94+0.26° 0.91+0.014° 0.89+0.13° 0.74+0.25° 0.33+0.53°
Moisture content (%)  95.96+0.29° 93.81+0.03" 54.75+0.08°  21.63+0.17° 4.57+0.18°

3b¢ Means with the different letters within the same row are significantly different (p<0.05).
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Table 3 Chemical composition of dried Wolffia

Compositions Dried Wolffia

Moisture (%) 4.40+0.25
Protein (%) 19.51+0.24
Fat (%) 2.80+0.54
Crude fiber (%) 10.36+0.79
Ash (%) 16.31+0.79
(%)Yield 2.46+0.28
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Table 4 Sensory evaluation scores of Thai custard dessert supplemented Wolffia

AINATANALLUUAMUTDUANAINUAIAU

Attributes Dried Wolffia supplemented (%)
1 2 3

Appearance 6.90+0.70° 5.90+0.83% 5.10+1.04°
Color 6.60+0.66° 5.90+0.53% 5.50+1.11°
Flavor 7.10+0.53° 6.00+0.77° 6.10+0.83"
Taste 6.50+0.80° 5.00+1.09° 5.40+0.48°
Texture 6.60+0.80° 5.20+0.97° 5.40+0.66°
Overall liking 7.76+0.87° 7.24+1.19° 6.58+0.88°

3¢ Means with the different letters within the same row are significantly different (p<0.05).
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)

(@

Figure 2 Thai custard dessert supplemented Wolffia at (a) 1%, (b) 2% and (c) 3%

Table 5 Physical and chemical properties Thai custard dessert supplemented Wolffia

Physical and chemical properties

Dried Wolffia supplemented (%)

1 2 3

Surface of Thai custard dessert

L* 29.09+0.62° 25.04+0.67° 21.83+0.02¢

a* 1.16+0.02° 1.07+0.01° 0.65+0.01¢

b* 20.51+0.08° 11.64+0.07° 6.39+0.04¢
Inner of Thai custard dessert

L* 64.77+1.67° 40.17+1.52° 32.50+1.15¢

a* 5.76+0.08% 0.62+0.06° 0.39+0.07°¢

b* 18.17+1.16° 17.11+1.13% 15.81+1.06
Firmness (N) 25.25+1.73° 27.57+0.78° 34.90+0.77°

Aw 0.90+0.01° 0.92+0.01° 0.92+0.00°
Moisture content (%) 63.54+0.182 62.51+0.35° 60.53+0.42¢

3¢ Means with the different letters within the same row are significantly different (p<0.05).
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Table 6 Chemical composition of Thai custard (control) and Thai custard supplemented

with 1% Dried Wolffia

Chemical composition

Thai custard

Thai custard supplemented

(control) with 1% dried Wolffia
Protein (%) 4.40+0.19° 11.40+0.50°
Fat (%) 10.00+0.16° 9.10+0.20°
Carbohydrate (%) 14.45+0.01° 14.85+0.38°
Ash (%)™ 0.76+0.11 0.78+0.06
Moisture (%) 65.68+0.05° 63.74+0.02°
Fiber (%) 0.07+0.03° 0.13+0.01°

3¢ Means with the different letters within the same row are significantly different (p<0.05).

" Indicates not significantly different (p>0.05)
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Table 7 The acceptance of 100 consumers to dried Wolffia Thai custard dessert

Information

Frequency %

How much do you like the Thai custard dessert supplemented with Dried Wolffia?

Dislike very much
Dislike

Neutral

Like

Like very much

1 1.0
4 4.0
35 35.0
54 54.0
6 6.0

Do you accept the Thai custard dessert supplemented with dried Wolffia?

Accept

Not accept

97 97.0
3 3.0

What are your reasons for accepting? (You may select more than one answer.)

Pleasant and appetizing aroma 32 32.0
Good taste and delicious flavor 35 35.0
Health benefits 60 60.0
Attractive color and appearance 21 21.0
Novelty and uniqueness of the product 51 51.0
What is the appropriate price ?
Accepted price at 30 Baht 13 13.0
Accepted price at 35 Baht 66 66.0
Accepted price at 40 Baht 21 21.0

Han133nvinglanisvinvuNnsiauneezu i
NNMAENMSTAThALensvihvuLrlains
@S ula e wanan Figure 3 WU UNNI BILAY
vaadandnnysusisnanuallususavifuazisnis
wdn Taslugdoldsiusingasuinsgiud iy
nszUINATITAARUNISUsEAMANEE uonani

TTuAUNTEUIUNTYI AlsNseseingau 35013

v uazmatianisvin ielidiaulaaiunsasosen
TumsHnuiaviseaseendnle uazdnvindeyanne
NLAYUINITVDING 01 AT Ul ﬁq’IQﬁymsw”Gumq'ﬁa
fanudfgyseniseusnduazsevengiideyyie1ms
veaduilleamysy3 Tarug Aunswauie s

gunnluauian

182



Journal of Agricultural Research and Extension 43(2): 173-189

YuNOHOUNI T
Thai Custard with Wolffia Eggs

——

e duwav

Tousuosléida
thaaloua 60
inSoayns 2

n:h
luioe
don
woldih

U

nfu

It

niu
nfu
Oaddos
20 ndy
70 niy
niu

yuuKgauAL

Figure 3 Manual for making dried Wolffia Thai custard dessert
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Phetchaburi Province is one of the leading areas in Thailand for Hom Thong banana production,
resulting in a large amount of banana peel waste from consumption and processing. Although research has
indicated several benefits of banana peels, their utilization remains limited and lacks diversity. Therefore,
this study aimed to develop a ready-to-drink (RTD) Hom Thong banana peel tea in order to add value to
agricultural by-products in the local area. The study investigated the optimal tea production process using
five different ratios of banana peel tea to water: 0.5, 1.0, 1.5, 2.0 and 2.5% (w/Vv). The results showed that
using 1.5% (w/v) of tea to water was the most suitable ratio in terms of physical and chemical quality, as
well as consumer preference. Furthermore, adding monk fruit syrup to the tea at 0.2% (w/v) received the
highest consumer preference score (p<0.05). A 200 ml bottle of RTD tea provides 60 kcal. After

pasteurization and storage at 4+2°C for 14 days, only minor physical and chemical changes were observed,
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while microbiological quality remained within the standards of the Ministry of Public Health Announcement

(No. 416/2563) and the Community Product Standard (CPS 1007/2015). This study demonstrates that the

development of this product can be further applied as a guideline for adding value to banana peels in the

Phetchaburi area.

Keywords: banana peels, ready-to-drink tea, ready-to-drink Hom Thong banana peel tea
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Figure 1 Hom Thong banana peel tea
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Table 1 Color, pH value and total soluble solids of 'Hom Thong' banana peel tea prepared using 5

different ratios of 'Hom Thong' banana peel tea to water

Ratio of Hom Thong Color value pH Sweetness
banana peel tea level
to water (% w/v) L* a* b* (°Brix)

0.5 47.74+0.06° -0.67+0.10° 8.41+0.16° 7.70+0.006° 0.63+0.12°
1.0 47.26+0.23 -0.13+0.16° 8.56+0.07° 6.73+0.006" 1.13+0.12°
15 45.78+0.14° 0.10+0.18° 8.49+0.10° 6.33+0.010° 1.33+0.15°
2.0 42.47+0.05¢ 2.52+0.01° 8.20+0.07°  6.00+0.006* 2.27+0.15°
2.5 41.69+0.30° 2.72+0.36° 7.54+0.10° 5.87+0.006°  2.30+0.10°

Meanzstandard deviation from three repeated experiments; Different letters ¢

significant difference at a significance level of 0.05 (p<0.05).

a, b,cd

in the same column indicate a statistically
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Figure 2 Ready-to-drink 'Hom Thong' banana peel tea with different banana peel ratio
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Nan1sNAEeUNIIUsEaMAURaLERslY Table 2

Table 2 Sensory quality evaluation of 'Hom Thong' banana peel tea with 5 different ratios of Hom

Thong banana peel tea to water

Attribute Ratio of Hom Thong banana peel tea to water (% w/v)
0.5 1.0 1.5 2.0 2.5
Color 7.39+0.67%  7.21+0.80° 7.16+0.81% 6.94+0.81° 6.42+1.01°
Aroma 6.85+0.80°  7.09+0.74° 7.25+0.77% 7.22+0.75% 7.33+0.68°
Taste 6.93+0.78°  7.07+0.70°° 7.21+0.84° 7.23+0.63° 7.15+0.63%
Overall preference ~ 6.97+0.74°  7.12+0.61" 7.32+0.60° 7.17+0.60%° 7.07+0.59"

Meanzstandard deviation; Different letters @ b <&

level of (p<0.05).
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ATLUUAIINYBUGINAR (p<0.05) vauen1sld

in the same row indicate a statistically significant difference at a significance
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#ueld wanalu Table 3

Table 3 Sensory quality evaluation of 'Hom Thong' banana peel tea mixed with Mogroside

(Monk fruit extract) at different concentrations

Attribute Hom Thong banana peel tea mixed with Monk fruit syrup
at different concentrations (% w/v)
0 0.1 0.2 0.3 0.4 0.5
Color 7.29+0.54°  7.26+0.56°  7.40+0.74°  7.30+0.59° = 6.85+0.95° = 6.69+1.08"
Aroma  7.26+0.66°  7.21+0.62®°  7.20£0.82%° = 7.20+0.60°®  7.08+1.01**  7.01+0.83°
Taste 6.03+1.00¢  7.01+0.82°  7.56+0.82°  7.20+0.67° = 6.16+0.77°  5.82+1.00°
Overall — 6.16+0.93%  7.02+0.93°  7.37+0.61°  7.10+0.75°  6.77+0.72°  6.35+0.98°
preference

Meanzstandard deviation; Different letters @ b ¢ d

level of (p<0.05).
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Fod1fynieadf (p<0.05) Warfinaududuves
lyfUnaedafaeuinningesas 0.3 Tudrudiunau
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Asiglesuunninsesay 0.2 WagWuIFI981997

) in the same row indicate a statistically significant difference at a significance
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nan13UsEEUANTOUT & BruTaufy WUIInIg
Fuledundedafiefianududuiovas 0.2 l6su
ATLUUAINTBUGIgRag sl Ted1dynieaia
(p<0.05) (Table 3) fstfu fifeTudenseduaay
Wutuveslesundossieiisosas 0.2 lulddmsu

ANSHAILIHNAR SNV UBDNNAILVBUNDINS DUAL

197



Journal of Agricultural Research and Extension 43(2): 190-206

n1sAnwIauAInIslasuInIsYIUAaNnA8aN
v o
NoINSaunU
HANISILATIENAUAINILATUINITVO
AULUUIIUEBNNA8NBUNBINTDUAN NAUNSTLY
BMIAIUVBWUFDNNAILNBUNBIFDUNSYAY 1.5

wagladundodsfeisnduiosar 0.2 lngussy
agluviauiadinderdendnn au1AUTIY 200 WA
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Figure 3 Prototype of ready-to-drink Hom Thong banana peel tea

Nutrition Facts

Total energy

Amount per serving : 1 Bottle (200 ml)

60 kcal

Total Fat 0 g
Saturated Fat 0 g
Cholesterol 0 mg
Protein less than 1 ¢
Total Carbohydrates 14 g
Total sugar 6 g
Sodium 0 mg

Potassium 1180 mg

*Percent Thai RDI
0%
0%
0%

5%

34%

*Percent Thai Recommended Daily Intakes for population over 6 years

of age are based on a 2,000 kcal diet

Figure 4 Nutrition label of the ready-to-drink Hom Thong banana peel tea prototype
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nioufy Ao WIsInlnunaley FailuSunnbe 1,180
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#193u (Figure 4)
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Table 4 Physicochemical quality of ready-to-drink 'Hom Thong' banana peel tea during shelf-life

evaluation

Storage time Color values pH Sweetness level
(days) L* a* b* (°Brix)
0 43.64+0.05° 0.22+0.25° 9.55+0.08° 6.27+0.00° 1.47+0.06°
7 42.49+0.23° 0.99+0.14° 8.07+0.04° 5.91+0.01° 1.53+0.06°
14 41.60+0.48° 1.89+0.09° 6.84+0.09° 5.87+0.21° 1.53+0.06°

Meanz+standard deviation; Different letters (a, b, ) in the same column indicate a statistically significant difference

at a significance level of (p<0.05).
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Wmﬁuw%‘éﬁaimiumu%u%ﬁ] Salmonella spp,
Listeria Monocytogenes W @ ¢ Escherichia coli
Tua 3‘1'71| L% ® Staphylococcus aureus, Bacillus
cereus, Clostridium perfringens wuluusunadives
N1 1 cfu Meliaddns WwuAwanu Coliform bacteria

anvludsurundesnin 1.1 cfu felladdns vl

a

Tudruveslsunudanuagsi (yeast and mold) Ainy
Tundnfnaiuivsuadidesndn 1 cfu deliadans
Feuansliiuiindndussudenndronounes
wiendndldannnsyuaunisanuiluaded densd
auaendfeluiugdund Aszesnamsfvinui

14 Tu melianemsnusnuiigamnudidun 4229

Table 5 Effect of shelf-life study on microbial counts found in ready-to-drink 'Hom Thong' banana

peel tea product

Microorganism

Microbial counts

Ready-to-drink Hom Thong banana peel

The Community Product

The Ministry of Public

tea Standard Health (Notification
Day 0 Day 7 Day 14 (TCPS 1007/2015) No. 426/2021)
Total plate count <1 cfu/ml <1 cfu/ml <1 cfu/ml Must not exceed 1x10* colonies -
per 1 ml sample
Salmonella spp. ND. ND. ND. Must not be detected Must not be detected
in 25 ml sample in 25 ml sample
Staphylococcus <1 cfu/ml <1 cfu/ml <1 cfu/ml Must be less than Not exceeding 100
aureus 10 colonies per 1 ml sample in 1 ml (CFU/mU)
Bacillus cereus <1 cfu/ml <1 cfu/ml <1 cfu/ml Must not exceed Not exceeding
100 colonies per 1 ml sample 100 in 1 ml (CFU/mU)
Clostridium <1 cfu/ml <1 cfu/ml <1 cfu/ml Must not exceed Not exceeding
perfringens 100 colonies per 1 ml sample 100 in 1 mU(CFU/mU)
Listeria ND. ND. ND. Must not be detected Must not be detected
Monocytogenes in 25 ml sample in 25 ml sample
Escherichia coli ND. ND. ND. - -
Coliform bacteria <1.1 cfu/ml <1.1 cfu/ml <1.1 cfu/ml Must be less than -
22 colonies per 100 ml sample
Yeast and Mold <1 cfu/ml <1 cfu/ml <1 cfu/ml Must not exceed

100 colonies per 1 ml sample

ND.: Not Detect
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Effect of Cricket (Acheta domesticus L.) Protein Concentrate Fortification
on Nutritional Quality, Physico-Chemical and Functional Properties

of Gluten-Free Pasta

=

JuNsAT Fuvus! duviads seved! gling Waudeaszna' nigyaun urAUszaw?
L 1 o/ la‘ o L4 *
UAeng d19aidn’ wazAIuy §2ssueens”

Janjira Wanchana!, Nunnapat Rahong!, Sumit Chueamchaitrakun!, Kanjana Narkprasom?

Papungkorn Sangsawad® and Saranya Suwanangul™”

vl inemansuasinaluladnisemns AuyImNIsuLarnaIvnIINERT i Ine dowily Jedlvl 50290
Zg1UNIMINTINDINT AMEIAINTTULALNAIMNTTUNYAT WnTInedewild WWedlvi 50290
sananivinaluladuasuinnssumdnd angwalulagnisinuns uninerdewaluladgsus uassvdn 30000
'Program of Food Science and Technology, Faculty of Engineering and Agro-Industry, Maejo University, Chiang Mai, Thailand 50290
2Program in Food Engineering, Faculty of Engineering and Agro-Industry, Maejo University, Chiang Mai, Thailand 50290
3School of Animal Technology and Innovation, Institute of Agricultural Technology, Suranaree University of Technology
Nakhon Ratchasima, Thailand 30000
*Corresponding author: saranya_sw@mju.ac.th

*ORCID iD: https://orcid.org/0000-0003-4096-3285
Received: November 25, 2025

Revised: March 21, 2026
Abstract

Accepted: June 11, 2026

Gluten-free pasta consumption has continued to increase. However, limited nutritional value
and inferior post-cooking quality remain major constraints of many commercial products, and the
appropriate supplementation level of striped copper cricket protein concentrate powder for balancing
cooking quality and texture remains unclear. This study investigated the effects of striped copper cricket
(Acheta domesticus L.) protein concentrate powder (0-7.5% w/w) on the nutritional quality,
color attributes, and cooking quality of gluten-free pasta produced from Jao Kham Hom Maejo 1A rice
flour. The results showed that pasta color changed with increasing supplementation; L* increased from
39.15 to 47.34 at 5.0%, while a* reached its highest value (7.35) at 7.5%. In parallel, protein content
increased from 4.25% (control) to 13.51% (2.5%), 27.97% (5.0%), and 47.58% (7.5%), and fat content
increased from 1.34% (control) to 2.90% at 7.5%. Regarding texture, hardness increased from 4,397 g in

the control to 5,332 ¢ at 7.5% supplementation. For cooking quality, the 5.0% formulation showed the
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most favorable overall performance, with the lowest cooking loss (0.02%) and a cooking yield of 98.19%,

which was close to the control (101.66%). In conclusion, supplementation with 5.0% cricket protein

concentrate powder appears to be the most suitable level for developing high-protein gluten-free pasta

from Jao Kham Hom Maejo 1A rice flour while maintaining acceptable cooking quality and texture.

Keywords: cooking quality, cricket protein concentrate, gluten-free pasta, high-protein pasta
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Y99UEANTAINAITAATUAITOINT WI5T0) LAY
793U (Phongthai et al., 2017)
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nszUIuNsatALaruenduieanlutuvieifiuaiy
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fiyjadulusiudundn snsdortu Tusiudwin
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913 Wy nsguinezduiniy nafnly way
MsiAndifady Feduiusiuiledudauasanunin
YoINdnA I (Cruz-Lopez et al., 2024) d@onnans
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Tawurnis aud@nnsmenin-adl wazaud@idmiig
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NARSI WorvuasERuNSIES AN aud Sy
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guUnsaluazdsnIg

NSHAANSIUSAUABUITUNTADIND IUS ANDILAS
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N5HERHTUSAUABULEUININING IW3n
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U waauenaznoulUsAuennINEIUIDILUA
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Wmin/dmin) meludainawin 50 ans aantiu
USuA pH 1u 10 meansazansladeulansenlen
02 luand uaghnsaralusiufigamadl 60° Wunan
90 WYl MenaINsanALenasazanglusiueanan
Yaeud e i nsennzneulusiune3s leladidnnsn
IngusuAn pH W 4.5 sensalelasmasin 0.2 luans
nznoulUsiuiind ugndradaeu1auien pH
Tnawdsadunais neutluvinuient875 nunes
Intuuanslaz e aLazIoUNIUAZLATITUIN 60
i wslusAunsumunged LagniluTinsied
29AUT¥NOUNILATMINTS AOAC (2000) LA A
Usanaddusiu lusiu 18 audu andlulownsn uay

Foly TnenuindAnvindu 71.47, 5.85, 2.39, 5.60,
8.05 Wag 6.64% audsu (netminuis)
n1IHaANIad1Us1AINNg AuLaI unalUsAY
ABULYLNTADING YR
wsumasUTaanngwulagldud et
A1veuuslls 1 1o nelUsAUADUEUNTATIND ISR
nosunsans uwruwnuiu Tolnan uaziiazenn A
dndrufinvualy Table 1 nefvunszdumsiasy
falUSAUADULTUNTARIND VS ATE 0, 2.5, 5.0 way
7.5% UAIFU NTTUIUNITRANSUINHANEIUNAY
Wi Iaun st ndrnveoundls 1 e walusiu
ADUBUMIITINA AR wasiauuiy iy aantdu
Jouniialdunaunsaeied1vaidue Ao
W3suduNaNvadlnenanlylianfuL @z o1n
mmé’mdamaﬂLwiazqmﬁ]ulﬂmﬁmamﬁu IGPDRI
drunanveuralasiudIunauLiLazuInaula
walpisianundeuduieeniu wasiinuasiiae
wislndildgnviosnefidumanadnuazusifuseison
2 $lus Wislnisnszaeanuiunasnslowmsnves
peFUsEneuLinduag1uiaie a1ntutheenuin
floumpfiviesszanas 30 uiil AeumuLA3093n
wraslildanununiisyau 3 LLaxﬁ’W’z’TugULﬂuLé’u
wagieluldlunsiessdludunoudaly

Table 1 Formulations of gluten-free pasta fortified with striped house cricket (Acheta domesticus L.)

protein concentrate powder

Cricket protein Jao Kham Hom Maejo 1A Xanthan gum  Whole egg Water
(%) flour (%) (%) (%) (%)
0.00 35.00 7.00 35.00 23.00
2.50 35.00 7.00 35.00 20.50
5.00 35.00 7.00 35.00 18.00
7.50 35.00 7.00 35.00 15.50
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MMTFUAUNIAADBNUINTIAADUYN 9 30 TUI¥
Wiensiadeuduiiuudeusnafnaiadu auliny
drufivudmasnieag meluduniasi tuiindu
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thndu 50 1a. wavsIuTIINEuSIAUI A Tnnes
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Fabmindninedudinisou wavduialsuna
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Phongthai et al. (2017) Fadumasusuia 20 n¥u
Fuluthiien 300 ua. Wuaa1nIuA OCT ¥4
wiazgns oasuanimadidunniiduuas
asiinhuuszunsadunan 1 und antuduanuiy
druiudenszauduinegauniioudadainmin
wragluanmdugn fruraniind ldudanisy
puaNni1s Cooking yield (%) = (Wrmdnwnadnds

f31/1rinnnadnnaudy) x100

A5 AATITUAE
ﬂ'we‘?ﬁuaquamywzlm“mm”wm?'am“m?ﬁ
HunterLab colorimeter (HunterlLab, i;u ColorFlex)
LAYSIBNUHA ST UURNAE CIE Lab* lauA A1Au
a119 (L) aranududung (%) wavAiaanudu
Awdes (b%) ¥nsia 3 91 Tngluusavaninen 3 Ase

vyuiiegell 90 asm Tulsarassiiinisdn

N5 ATITHRIAUTENBUNIILAT
AAseRUsualusAune3s Keldahl wag
Aasrgiusunaludiuieds Soxhlet audsunnsgu
299 AOAC (2000) TngLa3eNAIDYNNIAAINIUNITUA
I dwdeieatunouthlUnegey wavsisauna

WuSeyazmutinveinuig
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Tnednulata1n3sves Jia et al. (2023) faeia3eq
Simseiileduda (Texture Analyzer, 31 TAXTplus)
Lazs1891uA1A0Ld (hardness) AL duile
LA BN U (cohesiveness) N15A WA (springiness)
Aumdes (gumminess) WAZAIUNUABNTTLA 87
(chewiness) laglgiinansenszuan (compression
probe, P50) WusinugudnaTs 50 1. fvuadouly

NSVAFDUVBUATBY ASTl pre-test speed 2.0 mm s,
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test speed 5.0 mm s, post-test speed 5.0 mm s’
LAEAINUATZEZNITANDALIAU 90% NISLAS Y
Frogsdmiunisnaasusiunistaedaduniad
40 n%u duludiienysunms 600 wa. Wunainy
A1 OCT vosusiazgns Weasuaimaiesnain
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AINLANGNITB9ANRE BT sEAUT A Aynneadf
p<0.05 1aald 7§ Duncan’s Multiple Range Test
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NaN15I8kazINTl

wavaensiasulusiunaulaungnaInd wia
N2IUAAEABAITUAZANBULUTINVBINIEA
UsIARINNQUAUNEIRAEN
HANISILATIBV AT UBIN1AR 1UT1ARN
NQAUNAIAUEN NUIMNTETURILUTAUABULUNTA
9113 anSanosunsanadwarinliad L* a* b*

a o £

wWasuuUasedsildeddgyneadadeineuiugns

<

AIUAN (p<0.05) TagaAn L* AN 39.15 (gns
muAw) 1y 42.70 fiszdunisiaia 2.5% waziiiy
gaanil 47.34 A5z 5.0% neuanaudntosdy
46.22 flsedu 7.5% Vaila1 L* vesgmsiiadudang
gandnanseunu wansbiiuddumnaiianuaing
iud umunsiasaTusiunsuEUImMsAaIn3 e
NowAIaY (Table 2) wuildunenailesuielanain
SnwardvosingAuuaznsdsunlauessning
seminenisey TnenslUsAunuLINSATING $v3n
fiA1 L* g9 (1*=54.70) lovhuwanlugnsilduds
F173 filnudAeudrady Sehlidlagsiuvendu
AT unEndILNNSAY

wenani msiasunslusiunouaumsn
N3 wisameuasaeduiliauduvediieen
woulnlwendulundsdnangrmneundld 1 1o anas
Tuidedmaau denaldan L i ud uaudnd agu
YULLREINUY ASEUIUNITAND1YI I ulnlweniiy
mﬂdauazawaaaﬂﬁﬁaﬂawﬁwLLazﬁmwmaﬁasamm
NAMUTBU IR LU IFL IR IR LD DUAS
waratuayuwultunaiistures L Tundndtosl
NSIAUAN @8AAR 03N UTIBIUYBY Musika et al.
(2024) WU31N1SLAS NS I3 Alunnad1Useann
nqunandalsduesivinlie L* ifiatu wenani
A1 a* war b* duwalduiud unussadunisiasy
TUSAuABUEUIMSA FedonndasT U3 uduaone
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a
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Table 2 Effect of cricket protein concentrate fortification at different levels on the L¥, a*, b* color values

of cooked gluten-free pasta

Protein concentrate fortification (%) L* a* b*

Cricket protein concentrate powder 54.70+0.09° 10.69+0.02° 27.58+0.04°
0.0 39.15+0.83° 5.38+0.04° 3.46+0.09¢
25 42.70+0.51° 6.27+0.23° 6.07+0.21°
5.0 47.36+0.12° 6.81+0.16¢ 6.82+0.45¢
7.5 46.2240.47° 7.35+0.24° 7.13+0.64°

The same column followed by different letters is significantly different at p<0.05.

anwuzlIINgUaLdunIad 1ma i ugn
(Figure 1) @onmaasniunulluua1d@dsdiaslu Table 2
a8 199 ALY lnggnsaruaNd duraduarnuls
Frudrnvenwdld 1 10 Asudsagauowaziin
duiseu vausiignsiasusdlusiunouiaumsnan
Joiailunldlfdsouauardsudulnudthnna
o119 Tnelnunas-desusinguindaduid oy
syiumaieRulUsiu lugnsifissiunsiadulusiugs
Wuqmﬁugﬂmaastﬁamﬂszmauuﬁuﬁmﬂumaﬁw WAL

Fafinnudululdininaineynalsiud suie
nsvaneilaiiaeludunanretls dwaliindu
aueududnties agralsinm duniailunngns
Finsialnesiuroudeasiiane wazlinunsunnin
nIalduuinudanaanisdy SRIRC R GETER IR
TUsfunoulaunsnaini wsalugasesuii Anw
aansaUsudnuasdveamnainlaegradussuu ng
Fansdnuazusngudsialiogluinaeifivmzay

sonsusvendldlundnduaimaiiusennnginy

Figure 1 Appearance of cooked gluten-free pasta fortified with cricket protein concentrate

at different levels (0, 2.5, 5.0 and 10%)

213



Journal of Agricultural Research and Extension 43(2): 207-219

Ysunalusauuazludiuveswiadiusiaainngiau
udskugniiasunddusiuasuirumsnaing win
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WEA1UTIMNNGIAUNEIRLAN (Table 3) WUIINTT
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ag9ldudAyNI9ada (p<0.05) lnaUsualushu
W uTupusERUNISIESIN 4.25% lugnsaiuay
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Tusuiitinnuudaunnniinsldne sdnst i
waaesNlUsAU Ine Carcea (2020) 189MUITNIEGN
Mnuilianafiatunsdavinilsiueglugng 15-18%
Yauzdl Musika et al. (2024) wuirwiadilsdiuess
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nan1sissufiunuI n1sle “TUsumpuEumsn”
WU “a3asanaia” Wunuamedidussans aaw
wnn31lunisii uanud ud ulusA uve sniadi

U3mannngLeu

ag19lsAnny uwdnsruiunsHanlusAuy
ARULTUIIRazdsanludulauedIy uwaldiaiunse
Manoenlaamun 3w liusunalvfuvesmiad
%é’qﬁuqmﬁ'm*ﬁummzﬁmma’%mmﬂ 1.30% (gmsAiuas)
WU 1.45% (2.5%), 1.74% (5.0%) uaz 2.90% (7.5%)
puay (vifnuia) (Table 3) wualusanan
AVDUANWUZYDINTEUIUNIHAARNITUTA UAD UG ULN S
9103 WIanesunaeiidunisatauwendiuiive
anosrusznauiilillelusiiu Tnsaunsausnlasiuoan
Ieigaunsdiu vinlvdailludunnAnseglunelusiu
Faru deufindadiunsiasuadugns UTnaluiu
521909NE NI S uiA uT unnludae udalne
awsnaglanelusAuifanaududuveslsiug
Annu T9a0nAdBIRUIIBIUIN NISIASUHAS IW3R
Tundnduaidulaziuinasdnyilnlusfuuas v
Lﬁmgﬁyumwjﬁummsﬁumma’%u (Kim et al., 2022)
dlowSsudisusu Musika et al. (2024) fisneeudn
wadlstiuedsiasundavingluiudssann 4.7%
nanAaeilusud dandvsinaludusiinga usfays

WAL ANTUAUTEAUNSIAS LAY

Table 3 Effect of cricket protein concentrate fortification at different levels on the protein

and fat contents (% dry matter, DM basis) of gluten-free pasta

Protein concentrate fortification

Protein contents

Fat contents

(%) (%) (%)
Cricket (Acheta domesticus L) 57.32+0.10° 13.66+0.12°
Cricket protein concentrate powder 71.47+0.08° 5.85+0.03"
0.0 4.25+0.62" 1.34+0.05'
2.5 13.51+0.11¢ 1.45+0.01°¢
5.0 27.97+1.10° 1.74+0.01°
7.5 47.58+0.33¢ 2.90+0.10°

The same column followed by different letters is significantly different at p<0.05.
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dnunsiodurivesniafiunannnguiundsiugn
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(Table 4) wwaldfuilazsiouunuinvedddsiulunns
@S uANL UYLl oLdund s uaudeu Tag
TusfufautRnissu wazannsafanissusuae
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naldundy ﬁqﬁﬂﬁmmwu%qqﬁu (Zielinska,
2022) lumensstiudng Arnsdudianasseiosan
1.35 (@nseauaw) W 1.21, 1.02 uaz 0.93 Auady
(Table 4) azviouindlelassadrwaaduntuiy @y
wrandauausalun1sAuIUnaINNAanad Ex

A0AARDINUANBULUDIlATIAS 1N LTIFILINT UL D

\iadndnlusiy ﬁ’w%’quﬁﬂﬁmwdwmilﬁym
WUIIAIANNRT BIaRa U I9INSIETH 2.5-5.0%
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fiseiu 7.5% (414 g) YT A1AUNUA DSR2
anas9n 7.30 mJ 1u 6.58-6.72 mJ Tunnszdunis
[@3y (Table 4) naganandusiAnauudeifiaty
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i esanl enisAudanazarad i ol ooy
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wilsanaraunusensiied) Sseneanadld el
wurldussnaaaenad et usIBaIuNIaR 7 Lasy
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1R8N TEAUNIESUHIUTA UAD UL A
2103 T anesunsansdt 5.0% Tuualtvauna
youeduiiafimnzay Tneraofiuanuuiuyedy
ndady (Arnruudegeiudefouiugnsaiugy)
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Table 4 Texture profile of cooked gluten-free pasta fortified with cricket protein concentrate

at different levels

Protein Hardness Cohesiveness  Springiness Gumminess Chewiness
concentrate
fortification (%) (9 (mm) (9) (mJ)
0.0 4397+2.49° 0.10+0.07° 1.35+0.51° 462+3.40° 7.30+1.10°
2.5 5193+2.96° 0.09+0.02° 1.21+0.11° 399+1.04° 6.58+1.54°
5.0 5105+1.33¢ 0.09+0.07° 1.0240.26° 349+1.12° 6.72+1.43¢
75 5332+1.87° 0.12+0.08°  0.93+0.30° 414+2.59° 6.62+2.59°

The same column followed by different letters is significantly different at p<0.05.
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Table 5 Effect of cricket protein concentrate fortification at different levels on the cooking quality

of gluten-free pasta

Protein concentrate

Optimal cooking time

Cooking loss Cooking yield

fortification (%) (min) (%) (%)
0.0 7.0+0.05° 0.03+0.00° 101.66+0.07°
2.5 9.040.07¢ 0.03+0.00° 95.96+0.07°
5.0 10.040.02° 0.0240.00° 98.19+0.27°
7.5 11.0+0.05° 0.04+0.01° 96.89+0.13¢

The same column followed by different letters is significantly different at p<0.05.
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This research is a mixed-methods research study that collects data through documentary research,
in-depth interviews with ten key informants, and surveys using structured interviews with a sample group
of 343 individuals. Qualitative data were analyzed using content analysis, while quantitative data were
processed using statistical software and interpreted through descriptive statistics. The study found that
past government policies allocated land to individuals for private ownership. However, once the land was
allocated, a significant number of recipients engaged in buying and selling, there by leading to further
encroachments in search of new agricultural land. As a response, the government revised its land
allocation policy, particularly in national forest reserves, to implement a community-based land allocation
model by the National Land Policy Committee (NLPC) in the form of joint ownership. Reguarding
perception of this system most respondents in the sample group were of the opinion that the joint
ownership system provides relatively low security of tenure. This is because the right granted, are primarily
rights of occupation certified for utilization, along with a personal booklet allowing land use for productive
purposes. Nevertheless, there remains a lack of clarity regarding the long-term development framework.
This uncertainly may affect ownership security, as it could lead to inheritance by heirs, together with the

enforcement of clear regulations prohibiting sale or transfer to other parties. At the same time, these
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regulations also define the conditions for land use, there by enabling communities to plan for the sustainable

development of the area in the future.
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Table 1 Land tenure security and sustainable land use

UIUnans Aade 66.13 AZWUY 2) AUAIIULEES
n1sansyiuaudeslunisnde (security) fanu
fuman Anade 94.62 Azuuy 3) saunstesiu
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Criteria The levels of land tenure security and sustainable land use Remark
Unsecurity Low security Moderate security High security

1. Land tenure

1.1 Form of land v

tenure Rental Occupancy rights Occupancy rights Land ownership Holding a land in the National
granted througsh @ granted by the state  according to the land Reserved Forest areas is not led
permit for land for land utilization code to the issuance of land ownership
utilization according to the land code.

1.2 Certificate of v

land tenure Land lease Permission for Notification of land Nor Sor 3 Holding a land in the National

agreement land utilization ownership (Sor Kor 1) Nor Sor 3 Gor Reserved Forest areas is

and
identification

booklet

Title deed permitted only for the utilization
granted by the state. Occupants
are granted only a permit to use
the land and an identification

booklet.
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Table 1 (Continued)

Criteria The levels of land tenure security and sustainable land use Remark
Unsecurity Low security Moderate security High security
1.3 Right of v
inheritance Unable to be Able to be transferred  Land allocation under the
transferred to to descendants collective land management
descendants through inheritance scheme (Kor Thor Chor) can
through be inherited.
inheritance
1.4 Rights to v
buy, sell, and During 1 to 3 There is There is a possibility There is no possibility ~ Sale and transfer to others are
transfer years, the relatively high that the land may be  of selling or transferring prohibited under the permit
ownership to plans are likelihood of sold or transferred to  to others. conditions.
others provided to being sold or others, if necessary,
transfer land transferred to in the future.
to others. others.
2. Forms of rights and utilization
v

2.1 Rights of

land utilization

Able to utilize

a land

Land utilization
is permitted, but
prior approval
from the Royal
Forest
Department is
required on a

case-by-case basis.

Able to utilize a

land

Able to utilize a land
and plan to develop

the area for the future

Beneficiaries of land allocated
under Kor Thor Chor program
are permitted to utilize the

land and can plan to develop

of the area for the future.

2.2 Right to
access the
state welfare
services and
development
of public
utilities and

infrastructure

Able to access
state welfare
and public
infrastructure

development

Able to access
to the state
welfare and
livelihood
promotion, but
no public
infrastructure

development yet

Able to access to
the state welfare,
receive livelihood
promotion, and
enable public
infrastructure
development in the

area as required

v

Able to access the
state welfare, receive
livelihood promotion,
enable public
infrastructure
development in the area,
and plan for further
development in the future

Livelihood promotion and
public infrastructure
development in the area lead
to planning for further area

development in the future.
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Table 2 The opinions of the sample group that affect of land tenure security and sustainable land use

Factor

Particulars Average

score

Security level

in ownersh

ip

1. Productivity

1.1 Land potential

The lands have moderate fertility and can produce yields only in 66.13
certain seasons, resulting in some seasonal income. Based on

interviews with the sample groups, areas in Kanchanaburi and

Ubon Ratchathani provinces have low land suitability for

agriculture, leading to low productivity, while Surat Thani and

Chiang Mai provinces have high land potential suitable for

agricultural activities, leading to high-quality yields.

1.2 Access to irrigation systems

Irrigation systems and sources of water for domestic use are
limited and can be used for agriculture and daily activities, but
they are insufficient. Opinions across all areas are generally

consistent.

Moderate

2. Risk security

2.1 Risk of natural disasters

In Surat Thani and Kanchanaburi provinces, communities are 94.62
affected by natural disasters and climate conditions, including

forest fires and seasonal flash floods, which impact agricultural

production and livelihoods. The effects are mainly caused floods

and forest fires during rainy seasons. Anyhow, Ubon Ratchathani

and Chiang Mai are subject to minimal effects, including sporadic

flash flooding (passing through the region) and seasonal forest fires.

2.2 Risk of diseases, insects,

and pests

For Surat Thani, Ubon Ratchathani, and Chiang Mai, there are no
notable effects from crop diseases, insects, or pests on agricultural
output, and producers are capable of managing these challenges
efficiently. In contrast, Kanchanaburi province experiences
substantial problems with crop diseases and pest infestations,

including widespread plant diseases and a high number of insect pests.

2.3 Risk management for natural

disasters, diseases, and pests

Across all areas, opinions are consistent that the government has
plans for risk management and can integrate responses effectively,
enabling immediate assistance to affected people when natural

disasters, diseases, insects, and pest outbreaks occur.

High

3. Protection

3.3 The community has adopted
the agricultural concepts that
emphasize the environmental,
social, and economic
sustainability, such as organic
farming and safe agriculture

practices.

In all study areas, opinions were consistent that communities are 98.79
minimally affected by insects, pests, and plant diseases.

Communities adopt agricultural concepts that emphasize

environmental, social, and economic sustainability, such as organic

farming and safe agricultural practices. Agricultural products are

marketed and distributed to sub-district and district hospitals, as

well as to local safe-food restaurants within the areas.

High
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Table 2 (Continued)

Factor Particulars Average Security level
score in ownership
3.4 Encroachment into forest In all study areas, there has been no increase in forest 98.79 High
areas and deforestation for encroachment and deforestation. Community members comply
agricultural purposes have with regulations under the social sanctions for building disciplines in
increased. the communities, such as prohibitions on cutting trees in the community
forests and encroachment into forest areas.
3.5 Land use changes involving In all surveyed areas, communities have no intention to change land
expansion into residential use toward expansion into residential areas, housing, or tourist
areas, housing, and tourist destinations, and instead continue to plan for conservation-
destinations. oriented land use. The primary cause is that these regions lack
neighboring tourist destinations and economic development zones
and are situated far from urban centers. In addition, agriculture—
such as fruit orchards, rubber plantations, and oil palm
cultivation—remains the dominant land use. Therefore, no
significant land use changes have occurred over the past 5 to10
years.
4. Viability
4.1 Communities provide local In Surat Thani, Kanchanaburi, and Chiang Mai, communities have 81.50 High

employment opportunities,
generating income and
reducing the need for
residents to work outside the

area.

local employment opportunities that generate income, reducing
the need for residents to work outside the area. In addition to
farming, there are agricultural wage labor opportunities, handicraft
production, and strong community enterprises that provide
alternative sources of income, allowing residents to remain and
work within their communities. In contrast, in Ubon Ratchathani,
agriculture is mainly seasonal, and during off-season periods,
residents migrate to other areas to seek temporary employment

for additional income.

4.2 Communities apply knowledge,
technology, and machinery to
improve quality of life, increase
income, and reduce production

costs.

For all the areas, communities make use of technological
knowledge and agricultural machinery to enhance quality of life,
increase household income, and lower production costs like
spraying drones, tractors, and combine harvesters. However, more
advanced technologies remain limited, such as automated
irrigation systems, automated fertilizer and pesticide application
systems, and software supported by temperature-based

monitoring for crop and hormone management, etc.

4.3 Some agricultural land are

unused or abandoned.

In all study areas, no agricultural land is left unused or
abandoned, and communities plan land use to maximize its

potential.
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Table 2 (Continued)

Factor Particulars Average Security level
score in ownership
5. Social acceptability
5.1 Clear boundaries are defined According to the study for all the areas, clear boundaries are 99.65 High

for individual land tenure and

land utilization.

defined for individual land tenure and land use, supported by
clearly documented maps. Community members are aware of
these boundaries and follow the practices, jointly managing and
caring for the land without encroaching beyond their own
holdings. In addition, communities participate in planning to

prevent outsiders from using land within the community.

5.2 Common areas are designated
for shared use to support the
development of community

public utilities and infrastructure.

As found in all study areas, common areas are clearly designated
and have been developed and improved for shared use to
support community infrastructure and public utilities, such as road
corridors, sites for community enterprises or cooperatives,

communal meeting spaces, and community forests.

5.3 Provision for Religious and
Cultural Ceremonies and

Traditions

The findings indicate that religious and cultural ceremonies and traditions
are held annually and are publicly promoted and supported as part of
conservation efforts. Community histories are recorded and community

identities reflect diverse local characteristics.

5.4 Participation in land
management and land

utilization

The communities actively participate in land management and
land-use planning through consultations, shared decision-making,
and collective monitoring and problem-solving. With improved
access to information, residents are more aware of potential land-
related issues, resulting in regular meetings and joint planning for land

management within their communities.
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in Samoeng District, Chiang Mai
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This research aimed to study wheat production intention and analyze the factors influencing
such intention among farmers in Samoeng district, Chiang Mai, by applying the Theory of Planned
Behavior (TPB). The population consisted of 80 farmers registered for wheat cultivation with the
Samoeng Rice Research Center during the 2024/2025 season. Data were collected using a 5-point
Likert scale questionnaire with a reliability coefficient of 0.94. Statistical analysis included descriptive
statistics and multiple regression analysis. The results showed that the overall intention of farmers
toward wheat production was at a high level (X=4.12). Considering individual factors, attitude toward
the behavior had the highest mean at the highest level (X=4.21), followed by perceived behavioral
control (X=4.11) and subjective norm (X= 4.04), respectively. The multiple regression analysis
indicated that all three factors significantly predicted wheat production intention, accounting for 69.7%
of the variance (R?=0.697) at a 0.01 significance level. Perceived behavioral control was the most
influential factor (£=0.659), followed by attitude toward the behavior (=0.323) and subjective norm
(£=0.240). The findings suggest that relevant agencies should enhance farmers' confidence in resources
and technology while developing clear market mechanisms and guaranteed prices to ensure

production sustainability.
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Deviation: SD) usnaniinsinsziladeidmwaste
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’3‘meﬁmimaaawmqm (multiple regression
analysis) (Daophakhanan and Wimoonard, 2024)
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fuUsdasy
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X5 = NMITUINITAIVANNGANTTY

(perceived behavioral control)
NAN13IVBIALIATA]

anunslandndadvesinunsns
1oyanNUAAIUTDNNYATNTIUNITHERT?
adifsrfutadedungAnssumuunn (Theory of
Planned Behavior: TPB) lunmsau wuindAads
ogfluszsu "unn’ Taedided esumgAnssumuusy
Wiy 4.12 (SD=0.58) §sawioulvifiuinnunsns
Iuﬁyuﬁﬁﬂﬂﬁﬁﬁ'ﬂuﬂﬁLL@&’LLN@JQI%L‘?\‘]U’JﬂG}'aﬂﬁ
Andulandnd1iandeg 19l vedAy donnd ey

Worasittanon (2024) WulwiraR siengAnssun1signu

v aaa

L3 s < v ° a U
gunsalaunsvlandudadeddgynidansnasioniny

o

S a o a

aslalunsld o waes Id i dvimuad g winse
gunsalaunsnlan lnensius AuauazUsylovl
Tngsavosanivlsud unumdAglusuiauafves

A IYu Fairuedvarildmalaenswionsindulauag

241



Journal of Agricultural Research and Extension 43(2): 238-246

audslalunmslinugunsafaunsvisuederaiiios
definsansedads nuimanisAnwidiusiauad
HongAnssun1suand1andvennuasns daade
oglusziuanndign windu 4.21 Tasinwnsnsiiimund
Favansensnantiand tneaseuinindaandilu
i I anouLNUANAIHBN1TAINY d1unTaLiY
selduazaiinnutuamuneldliuiafusou
Snsduduiiviiugnuazquasnuildligeein dan
Aosiufodouiieufuivind uiivgnludiui
ety Tuvgdidunssuiamsmunumgingsy
firdswindu 4.1 eglussiuinn andeyasana
InwnsnIil s uALd o1l U ednen YD IAULEY
lusgavann lngdanuaiunsaiazanunsouluns
munuiladesng q MRgdestunswandnandlios
fusyAvBam vialuduninenns enwd lenalunis
Wnisaduaivayu sasnasumeluladnsnanilasy
n1sanenenny; wazludusunisadsunungy

81984 fAnadewiniu 4.04 aglusyavin avvieuln

WNI S sEUaUAINAN NI BUNd sPuil B NS wa
s dlalussduinnuiy Tasyanaffiunum
drAglunsliudnuagatduayunsdnduls As aundn
TuasSoutd udurudu 9 50983U1AD LUUBY NS
anud§aveait eut ulndiAseil gy nd1aand
shuiy FahlugnisuanasuSsuiuastsomd ety
melugamy venani Wwmihfiduaiumsinuasuas
tnivnsannmiienusy Sioidungusedeiil
Svwagsludsnd esiufumadainms Jedu
Jutadvd i droasuainennudninaanse
AIUANNOANTIUMINEALA (Table 1) aanAR iy
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Table 1 Results of levels of opinion regarding the Theory of Planned Behavior (TPB) factors

influencing farmers’ wheat production in Samoeng district, Chiang Mai

(n=80)
ltem X SD Level of opinion
Attitude toward wheat cultivation behavior 4.21 0.718 Highest
Subjective norm 4.04 0.901 High
Perceived behavioral control 4.11 0.763 High
Average 4.12 0.794 High

Jadeiidmanannunslandndiasdvaanuasns
N153LATITUAMUFUNUS 52RI19A YT
(multicollinearity)
N153ATIERNITOANBENNAN LANTIFADU
Tguraamudunwus sgur 198 ulsoase

(multicollinearity) A28A1ANLUTUIIUT 20

(Variance Inflation Factor: VIF) kagfn tolerance
NWUIFIMUTNNAITAT VIF 8g581319 1.040-2.882
(atfounin 10) uazAn tolerance vg3¥mIng 0.347-
0.962 (u1nna1 0.1) wansd 1ty T T gun
multicollinearity Tusauusdasy wagaunsainly

AaTgnsanneenvaulieg1uinzay (Table 2)
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Table 2 Relationship between variables (multicollinearity)

Variables Collinearity statistics
Tolerance Variance inflation factor
Attitude toward wheat cultivation behavior 0.347 2.882
Subjective norm 0.962 1.040
Perceived behavioral control 0.349 2.866

n13531A318N5ARRRENAN (multiple
regression analysis)

HANTTIATIZIINTARDRENYAM (multiple
regression analysis) 7ildnageudninavestade
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driile dundiadedlud wuirlumadaunisannosl
AINZEISERR Tneiandsdasyemunantnsa
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lesosaz 69.7 (R?=0.697) wazdbdAgynieais
fis¥eU 0.01 (F=59.765, p<0.001) lagdA1A214
ﬂammﬁlaummgmmaﬂmswmﬂiiﬁ (Standard
Error of Estimate: SEE) Ay 0.445
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o (YY)

fisediu 0.05 (=0.323, p<0.017) dmsusuusiu

[
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NANIsY Anaseinlsauegraddedidynisad

)

fisziU 0.01 (£=0.240, p<0.008 way B=0.659,
p<0.001 AIUEINU) TIman1sIiATIERE IRRudn
fulsisanuiuieuduiudideuantuannudla
Tunnswan Yude nunsnsiidiauafiBauin nns
ARBEATUNGUB DY WATN1TTUIAIAIUNAINTALY
nsmuasmnAnsalusedugs axdimudalaluns
wandnadganinnunsnsiifseduiiadedendrii
N31 M39Na13LAIIMNNYATN I SEAUTALAR N3
auayUIINNALDNEY LagNITUIAMLATAlUNNT
AuAuNgAnsIugedu viliaudslalunisndn

Yaadinudlduiudusulusie (Table 3)

Table 3 Regression analysis of factors influencing wheat production intention

Variables

coefficients

Unstandardized

Standardized t Sig.

coefficients beta

B Std. Error
Attitude toward wheat 0.323 0.132 0.260 2.451 0.017*
cultivation behavior
Subjective norm 0.240 0.089 0.173 2.707 0.008**
Perceived behavioral control 0.659 0.124 0.563 5311 0.000%**

Constant = -0.861; SEE = 0.445; F = 59.765**; R? = 0.697

* Significant at the 0.05 level, ** Significant at the 0.01 level
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annsadieuluaunisnisannesnvan i

Y =-0.861 + 0.323 attitude + 0.240 subjective norm + 0.659 perceived control (2)
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Challenges and Opportunities in Developing Drone-Based Pest Control Service

Providers for Coconut Plantations in Samut Songkhram Province
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This study investigated the application of chemical formulations suitable for agricultural drones
to control coconut pests under real field conditions and to transfer knowledge for developing drone-
based pest control service providers in Samut Songkhram Province. An area-based action research
approach was conducted to pilot the use of agricultural drones for chemical spraying, compared with
conventional manual spraying, in two coconut plantations covering 40 rai (@approximately 800 trees). A
mist-spraying agricultural drone was operated at a height of 2 meters with a spraying duration of 8
seconds per tree. Two chemical formulations, lufenuron and flubendiamide (each with an adjuvant),
were applied twice at 7-day intervals, with monitoring at 15, 30, and 60 days after first application.

The results showed that both formulations reduced black-headed caterpillar infestation by
more than 85% within 60 days and promoted clear tree recovery, including new shoot emergence and
increased leaf greenness. Water-sensitive paper analysis confirmed effective spray coverage across all
canopy levels. Knowledge transfer activities on safe chemical use and drone operation supported the
development of model operators and readiness for drone service providers. However, challenges
related to high initial investment, hidden maintenance costs, and limited local after-sales services
remain. The study recommends establishing standardized cost frameworks and strengthening support

systems to ensure the long-term sustainability of community-based agricultural drone services.

Keywords: agricultural drones, drone service providers, coconut pests
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. Action Research
40 rais/ Coconut Farms

—> Cycle & Field
(800 trees)
Experiment
Agricultural Drone Field Trials
—>
& WSP Cards 2R R A
v > Optimized Drone Spray
Reflect and Discuss Protocol
2 Chemical Formulars > ey e e e
(Standard) 7 Y
>85% Pest Reduction in
Validate and Scale Up Test Plots & Community
Farmer & Trainee —> Service Drone on 200
Participants v

Optimize Methods
& Training

Figure 1 Illustrates the procedures used to evaluate the effectiveness of drone-based chemical

spraying for coconut pest control, together with the action research process for developing

drone service providers in the target area.
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Table 1 Comparison of chemical formulations used with drones for coconut pest control

Comparison criteria

Lufenuron + Adjuvant

Flubendiamide

(Takumi) + Adjuvant

Test area

Bang Nang Li sub-district, 15 rai

Tha Kha sub-district, 25 rai

Field characteristics

Tall coconut trees; prevailing

local winds

Open plantation area

Spraying frequency

2 applications (7-day interval)

2 applications (7-day interval)

Black-headed caterpillar

reduction

Significant reduction (>85%)

Very high reduction (>85-90%)

Shoot recovery

New shoot emergence observed

Rapid shoot recovery; dark green

leaves

Leaf condition after 60 days

Gradual increase in leaf

greenness

Dense and uniform green foliage

Adequate coverage at all

Excellent and uniform canopy

Spray distribution (WSP)

canopy levels

coverage

Adverse effects on plants

observed

No abnormal symptoms

No severe adverse effects

observed

v
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Table 2 Changes in the severity of coconut tree damage

Time period

infestation

Level of black-headed caterpillar

Condition of coconut trees

Before spraying

stunted shoots)

High (dry leaves, damaged or

Growth stagnation

After 1st application
(15 days)

Reduced by ~50-60%

Initial recovery; partial new leaf

emergence

After 2nd application
(30 days)

Reduced to ~15-20%

Clear shoot emergence; green

leaves

60-day follow-up Very low (<10%)

Good recovery; mostly green

foliage
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This research aimed to examine the basic personal characteristics, acceptance, and needs, and
to compare the marketing mix factors in the purchase of instant seasoning products among 400 vegan
consumers. The data were collected using a questionnaire and analyzed with descriptive statistics
(frequency, percentage, mean, and standard deviation) as well as inferential statistics, including the
t-test and one-way ANOVA (F-test). The results revealed that: 1) most respondents were female, with
an average age of 39.10 years; they had graduated with a bachelor's degree, were studens, and had an
average monthly income of 5,001-10,000 Baht. 2) a total of 97.50% of vegan consumers reported that
they like instant seasoning products because of their appetizing aroma, with the preferred price range
being 50-100 Baht, with a product weight of no more than 100 grams per package. In the future,
consumers indicated that they might purchase instant seasoning products; 3) the overall need for
marketing mix factors in purchasing instant seasoning products was at the highest level (X=4.30). When
considering each aspect, it was found that the sales promotion aspect (X=4.33), product aspect
(X=4.32), packaging aspect (X=4.28), and distribution channel aspect (X=4.28) had the highest level of

demand, respectively; 4) gender, age, product acceptance, product price, and intention to purchase in
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the future had a significant effect on the marketing mix factors in purchasing instant seasoning products

at the 0.05 level of significance. Educational level had a significant effect on the need for marketing mix

factors in purchasing instant seasoning products at the 0.01 level of significance.

Keywords: vegan consumers, marketing mix (4Ps), purchase decision, product acceptance
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fusimialuluresnata wudn 5181 50-100 V1w
unfign fovaz 77.50 50331170 51A1 101-200
U Fevay 17.80 esarniuslaafiszdusiand
fanelaunnsiumungadiviang waelinSeuiieu
FusiandiiagnunIesiaInan ninsiafianela
#ndmiewindusiainain azii ulentalunis
fadulade vmeiimadigandndniiliduilanse
TusTudurdewdeuluioguds Ysinanhnindeuss
fouaivaaandueidoanimieivindu 100 Ay 11N
fign $evaz 50.00 599AAe 101-200 n3u Fowaz
40.80 91U Y0Y Siriporn and Chaiyasit (2018)
nwuguilaalnedinuianelasendnduaianis
dufaguiifiimind sussySusiivangan tnay
agvioufamuduauazauiiulalumside
uenaniiguilnanguiinulsiveunanioust
\resUgssaosdISagU Fevaz 2.50 suwaNay
yudn el duumaunuldunniga esay 90.00
sedagnAe savdlignuin Feuay 70.00 LaTYOUHS
Usssaneduiagusunuuduannnia $evar 60.00
pusu luouranguilaana uiinue1a9zde
wAnfuaia3eaUgesaeimsdniagy fovas 53.25
sesasndo doutuslnauuuou Yeuaz 44.30 uay

Ti#eunuslnakuuau Sasay 2.50 an unmunyay
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Tunsdminendndneiiaiesugesaemsdnsagy e Schiffman and Wisenblit (2019) szyinaniud
dmsufuslaanguiiny Ae Sudguvusndian  dadwmuneddviwanenisididsdudiuaznisiud
Jovay 36.00 59989UAD AAIA 3888 34.30 F1UA" wusus @ aududiuddyvesdiulszaunisnann
Uan/fnda Sewar 13.50 guiesunin Seeaz 1030 (marketing mix) Asuandlu Table 1
WATYNIETINAUAT FoEar 6.00 danndediuuiITe

Table 1 Acceptance of instant seasoning products for vegan

Acceptance of instant seasoning products for vegan Frequency Percentage

Acceptance of instant seasoning products 390 50.97

Reason for accepting the product*

Beautiful and appropriate container/label a7 80.11
Unique 94 50.23
New and interesting 95 80.23
Nutritious 131 80.32
Good taste delicious 152 00.38
Beneficial to the body 165 30.41
Beautiful color, good appearance 166 50.41
Delicious aroma 189 30.47

A price considered satisfactory when compared with prevailing market prices

50-100 Baht 310 77.50
101-200 Baht 71 17.80
201-300 Baht 11 2.75
301-400 Baht 3 0.75
401-500 Baht a4 1.00
More than 500 Baht 1 0.25

Product weight per unit of packaging

100 grams or less 200 50.00
101-200 grams 163 40.80
201-300 grams 19 4.80
301-400 grams 8 2.00
401-500 grams 5 1.30
More than 500 grams 5 1.30
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Table 1 (Continued)

Acceptance of instant seasoning products for vegan Frequency Percentage
No acceptance of instant seasoning products 10 2.50
Reason for no accepting the product*
| prefer different varieties of instant seasoning products powder. 6 60.00
The flavor is not satisfactory. 7 70.00
| look for alternative product. 9 90.00
Future product purchases
Definitely don't buy it for consumption 10 2.50
May be bought for consumption 213 53.25
Definitely buy and consume 177 44.30
Where should the product be sold? *
Department store 24 6.00
Supermarket 41 10.30
Retail/Wholesale 54 13.50
Market 137 34.30
Community shop 144 36.00

* Answer more than one question

ArudessnsdIulszaunanisaatnlunisidende
wAnfusilnTasUesaannsdniagy
ANUABINITEIUUTLENNIINITAAIALUANT
Fondendnsusiadesgasaomsdniagulunw
saueglusziuunndian (Aeds 4.30) Wofiarsan
WJusiesu wuidudaadunisue (Aedy 4.33)
50989UA D AIUNAASWI (A1Lede 4.32) dausian
(A28 8 4.28) LATA 1Y BINI1IN1TTATINUY
(Anade 4.28) Tnsflnudsnisoglusziumniian

ANUAIFU @DAARBINUIIUITEVBY Yaemchuti and

Muangmee (2025) finwi3aadfadoduuszaunis
nsmandidsnasianisiaduladetayulnsataiby
vo{uslaAusum Leadud d1dn nudiguilaa
fanuAniuisafuiadediuszaumensnain
Tnesameglusefuannilan (Anade 4.2) lefiansan
Tusgagiden nuihuiiiiriedegeiign Ae funs
duasumsnan egluszduanniign (Anads 4.42)
s09a9LNAe FuNTiadmng (Anady 4.35) du
wAn S (A nade 4.14) ogluszduanniign uazsu

s egflusziuinn (Auade 4.12) mudidu (Table 2)
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Table 2 Demand for marketing mix factors in vegan consumers’ purchase of instant seasonings

Marketing mix factors Mean SD Description
1. Product 4.32 0.71 Highest
2. Price 4.28 0.76 Highest
3. Place 4.27 0.76 Highest
4. Promotion 4.23 0.717 Highest
Total 4.32 0.71 Highest

Arundadael Tngninsiwegluszduuin
fign (Anady 4.32) Wefiasansede nuiiguen
malnvumsffivszlovisesnanie idutdadeisl
auddnlunisinduladondnSaeiindesusesd
omsdsagvegluszduandian (ALede 4.39)
FOIRIUIAD NTTUIUNIINAANIUNINTFIUDINAT
Uaendy (Aade 4.37) liflingiuide (Aiade 4.33)
ANNENBYDINARS e (ALRAE 4.26) SAYAVDS

Wansua (Anade 4.24) lngdlanusdeiniseglusedu

1niian mudfu aenadesiunuideves Jutatipat
and Saichana (2023) Anw3esiadudutszaunis
nsnaaLarAsTuRMATTiBvEwasensyuINIS
wadulad eemisani ey vilnaly
nsunnuIuAsUaryTuuna nud uilan
Timnuddluseuundundnsaeiifeldsu
M5¥UsBIAMAMINATIFILINIB LTI ofeld
sulUdwmansdusidesdisavifeses wasinuauts

ATINNUAUADINTTVRIUTINA (Table 3)

Table 3 Demand for product in vegan consumers’ purchase of instant seasonings

Marketing mix factors Mean SD Description

1. Nutritional content that contributes positively 4.39 0.66 Highest
to health

2. Production process according to food safety 4.37 0.65 Highest
standards

3. No preservatives 4.33 0.40 Highest

4. The beauty of the product 4.26 0.76 Highest

5. Product taste 4.24 0.69 Highest

Product 4.32 0.71 Highest
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#1usian Tngansuegluszduinndian
(Aade 4.28) Wefinrsansede wuinisldaudie
Wi fsransmiefiunzauiundasasiuazdsian
AruadeIouifisuiunuiansemsegluszdu

WnWan (Aade 4.31) seeaeunAe (A1lade 4.28) i

Table 4 Demand for price in vegan consumers’

A3tszAldIenaInatet e (Aade 4.27)
AT IMUBTinTITUAIINRBINISVOYIIY (ALade
4.26) fianudeansoglusefumniian auddu
(Table 4)

purchase of instant seasonings

Marketing mix factors Mean SD Description
1. The product is affordably priced. 4.31 0.67 Highest
2. Considering its nutritional value, it represents 4.31 0.72 Highest
good value for money.

3. Prices are clearly displayed for customers. 4.28 0.81 Highest
4. Multiple payment options are available. a.27 0.76 Highest
5. We offer pricing options to meet your needs. 4.24 0.85 Highest

Price 4.28 0.76 Highest

A1UY9M19N153 AT MUY TAgAINTIY
oefluseiusnniian (Auade 4.27) Wefinnsansiede
wudranuiidmiisazennuazgnudnounsis eyly
seAundian (Aade 4.32) sesasunde denie
wAnfau o 9ave Idieuazazan (Aede 4.29)
mMsdmnawdniusiiiaule Undsgala (diede 4.28)
fidpamsnsdadiminedi nanvaneuaznans sl
fnsdmioogluiumasanian (Aade 4.27) Tnedl
anudesnseglusefumnniign sudiu aeandes
#U9uTY Chaola et al. (2025) w115 0sdy

Usvaunnansaannusnisidenananisinaulete
wanfeit1Inaesduiaguvesguslaataiusdu
Tudruauanusemalng wuanAsiun1TNRILIYDS
nanssasminglinainnaneteuuveelatuay
poulal 1wu N8R LLeUNAIATUEIIMT (food
delivery) wazd3munednludf (vending machine)
fiksoglugngnseans nieuiimsduaiunimdnual
vees1uliiauarenn viuady wazdn1susnis
53057 enauauesmudeInsEuUsTaunsal
ms%at,wumuma]i (Table 5)
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Table 5 Demand for place in vegan consumers’ purchase of instant seasonings

Marketing mix factors Mean SD Description
1. The product is available through different channels. 4.23 0.78 Highest
2. The sales location is clean and sanitary. 4.32 0.73 Highest
3. Consumers can purchase the product at points 4.29 0.73 Highest
of sale with ease and convenience.

4. Product placement is interesting and attractive. 4.28 0.73 Highest
5. Products are always available in stores. 4.23 0.80 Highest

Place 4.27 0.76 Highest

a1un1sdaasun1svie laennsiueyly
SEAUNINT A (ARdy 4.27) WeN15151878
NUINAAINTTUAUATUNITVIENATINUAIINADINTT

aglusgAunnniign (Alady 4.37) s09asu1Ae 4

a S

NUNIUVIEADEBS UNYIIUALLD UAVYDINE A U

Y o

(ANede 4.34) J8UA1918819N15 I NAaRITUNT

NAYLAZInITUARFUAT o Av1Y wazdinidnau
Peuuzhmionasn (Anade 4.33) uaznislawan
NIUYDINIIM 9 9 1Y U Facebook, Line, TikTok
(Anade 4.28) Tnsflnusiosnseglusziumniign

AUa1AU (Table 6)

Table 6 Demand for promotion in vegan consumers’ purchase of instant seasonings

Marketing mix factors Mean S.D. Description

1. Advertising through various channels such as 4.28 0.79 Highest
Facebook, Line, and TikTok

2. Free sample products are available for all 4.33 0.74 Highest
menu items

3. There are sales staff to explain the details of 4.34 0.75 Highest
the products.

4. Promotional activities are available that cater 4.37 0.75 Highest
to consumer needs.

5. Products are displayed at points of sale, and 4.33 0.77 Highest
sales staff offer guidance and demonstrations

Promotion 4.23 0.77 Highest
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nsieuriisuaudaenisdadediudszaunis
n1snannlunsiaenYananfiugiiaIeIUesEanns
dsagudmsuuilaanguinu

[ s

JadgaiuyAnaLaYAITERUTUNG M 9l

a o & Y o =
A3 eeUsasaRImIsduIagUves uslaAng uliny
UANF9TNAZANNABINTAIUUTEAUNIINTAATA
lunsidendendnsinaiiniotlgesaeimsdniagy

Fupnansiu (Table 7)

Table 7 The comparison of consumer’s marketing mix decisions in instant seasoning products for vegan

Independent variables T-test F-test Sig. Description
Gender 1.572 0.000* Different
Age 1.525 0.005% Different
Education level 1.502 0.011** Different
Religion 0.980 0.527 No Different
Occupation 1.302 0.069 No Different
Average income/month 0.857 0.777 No Different
Acceptance of instant seasoning products 3.835 0.000* Different
Price of the product 2.103 0.000% Different
Product weight per package 1.055 0.371 No Different
Future product purchases 1.414 0.026* Different
Place to sell products 0.831 0.821 No Different

* statistical significant level at 0.05 level; ** statistical significant level at 0.01 level
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