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Leonard Jar Assembly Enhanced Sorghum Growth, Root Colonization and Sporulation of
Arbuscular Mycorrhizal Fungi
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Abstract: The effect of different watering methods was studied for host-plant cropping systems on the
arbuscular mycorrhizal fungi (AMF) abundance from pot inoculum production in a greenhouse using
sorghum as the host plant. A factorial experiment in a completely randomized design was used with
2 factors and 3 replications: first factor was mycorrhizal fungus 4 strains: Rhizoglomus aggregatum,
Claroideoglomus etunicatum, Funneliformis geosporum and Rhizoglomus irregularis and second
factor was watering method: showering, dripping and Leonard jar assembly (LJA). Sorghum growth,
mycorrhizal root colonization and spore were analysis. The LJA watering method exhibited that the
maximum height and dry matter were considerably greater for sorghum. The mycorrhizal root
colonization intensity and mycorrhizal spores in the LJA treatment were also significantly higher.
R. aggregatum and F. geosporum had the highest root colonization with sorghum (64.24 and 61.71%,
respectively). R. aggregatum had the highest levels of spore production (33.13 spores/g) with the
LJA treatment. C. etunicatum and R. irregularis had lower root colonization (20.51 and 30.46%,
respectively). The mycorrhizal spore numbers of R. aggregatum and F. geosporum using the LJA
treatment were higher than those of C. etunicatum and R. irregularis. Consequently, plant watering
regime of the LJA that provided constant moisture and nutrients along with the AMF species affected

the root colonization and spore of the inoculum.

Keywords: mycorrhizal fungi, Leonard jar, plant watering regimes
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Figure 1 Three watering system models for AMF colonization in sorghum root where arrows indicate direction of water

and nutrient movement (Leonard jar assembly image modified from Mullette, 1976)
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Table 1 Plant height of Sorghum inoculated with 4 species of arbuscular mycorrhizal fungi (AMF) and different watering
methods (showering, dripping and Leonard Jar Assembly) at 13 weeks post inoculation.

Sorghum height (cm)

Mycorrhizal species Watering method
Average
Showering Dripping LJA

Rhizoglomus aggregatum 108.60° 104.40° 154.40° 122.50"
Claroideoglomus etunicatum 108.40' 100.00' 147.00° 118.50°
Funneliformis geosporum 101.80' 102.20" 155.00° 119.70°
Rhizoglomus irregularis 97.60' 98.80" 151.80° 116.10°
Average 104.10° 101.40° 152.10
F-test
AMF -
Watering *
AMF x Watering >

Means in a column followed by the same letter do not significantly different by Duncan's new multiple range test.
** Significant at P < 0.01

Table 2 Dry weight of sorghum inoculated with 4 species of arbuscular mycorrhizal fungi (AMF) and different watering
methods (showering, dripping and Leonard Jar Assembly) at 13 weeks post inoculation.

Sorghum dry weight (g)

Mycorrhizal species Watering method
Average
Showering Dripping LJA

Rhizoglomus aggregatum 32.29 33.47" 49.70° 38.49"
Claroideoglomus etunicatum 30.29 34.81° 46.68° 37.26"
Funneliformis geosporum 32.82 34.62' 47.25° 38.23°
Rhizoglomus irregularis 32.14" 33.50° 46.25° 37.30°
Average 31.88° 34.10° 47 477
F-test
AMF e
Watering >
AMF x Watering *

Means in a column followed by the same letter do not significantly different by Duncan's new multiple range test.
** Significant at P < 0.01
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Table 3 AMF colonization percentage of sorghum roots inoculated with 4 species of arbuscular mycorrhizal fungi (AMF)

and different watering methods (showering, dripping and Leonard Jar Assembly) at 13 weeks post inoculation.

Root colonization intensity (%)

Mycorrhizal species

Watering method

Average
Showering Dripping LJA

Rhizoglomus aggregatum 32.06' 32.72° 64.24° 43.01°
Claroideoglomus etunicatum 17.22 25.65 20.51% 21.13°
Funneliformis geosporum 35.82° 48.92° 61.71° 48.82"
Rhizoglomus irregularis 22.21 29.46" 30.46° 27.38°
Average 26.83° 34.19° 44 23"
F-test
AMF **
Watering *

AMF x Watering

*%

Means in a column followed by the same letter do not significantly different by Duncan's new multiple range test.

** Significant at P < 0.01
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Table 4 Number of mycorrhizal spores at root zone of Sorghum inoculated with 4 species of arbuscular mycorrhizal
fungi (AMF) and different watering methods (showering, dripping and Leonard Jar Assembly) at 13 weeks

post inoculation.

Number of spores (spores g”')

Mycorrhizal species

Watering method

Average
Showering Dripping LJA

Rhizoglomus aggregatum 6.19" 18.06° 33.13° 19.13°
Claroideoglomus etunicatum 2.03 3.36 3.14 2.84°
Funneliformis geosporum 8.04" 18.26° 32.50° 19.60"
Rhizoglomus irregularis 2.33 7.24° 17.51° 9.03°
Average 4.65° 11.73° 21.57"
F-test
AMF ok
Watering *

AMF x Watering

*k

Means in a column followed by the same letter do not significantly different by Duncan's new multiple range test.

** Significant at P < 0.01
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Abstract: The effect of different nitrogen fertilizers on yield, yield components of cassava (var. Huay
Bong 60) planted in Kamphaeng Saen soil series, and some soil properties were investigated. The
experimental design was arranged in Randomized Complete Block (RCB) with 3 replications and
consisted of 7 treatments. The results showed that all treatments that applied nitrogen fertilizers had
an insignificantly effect on fresh root yield, starch contents, starch yield, and concentrations of total N
in fresh root but were significantly different when compared with the control treatment (control, Tw) that
had the lowest fresh root yield, starch contents, starch yield, and concentrations of total N in fresh root.
Furthermore, the application of controlled release chemical fertilizer (CRCF) provided the yield, yield
components, and concentration of N in fresh root better than the application of quick release fertilizer.
After experimentation, it was found that the application of CRCF of 50 kg/rai in combination with
chemical fertilizer (CF) grade 0-46-0 and 0-0-60 of 4 and 4 ng’205 and KZO per rai, respectively
(CRCFSO, T7) effected the highest ECe of soil, which was not different from the application of ammonium
sulfate (AS) of 95.24 kg/rai in combination with CF grade 0-46-0 and 0-0-60 of 4 and 4 kgP205 and KZO
per rai, respectively (A895_24, T5) and the application of urea (U) of 43.48 kg/rai in combination with CF
grade 0-46-0 and 0-0-60 of 4 and 4 kgP205 and KZO per rai, respectively (U43_48, T6
application of CRCF of 50 kg/rai in combination with CF grade 0-46-0 and 0-0-60 of 4 and 4 l<gF’2O5

and KZO per rai, respectively (CRCF5O, T7) effected on the highest of organic matter of soil which

). Furthermore, the

were not different from the application of AS of 95.24 kg/rai in combination with CF grade 0-46-0
and 0-0-60 of 4 and 4 kgPZO5 and KZO per rai, respectively (A895,24’ TS), the application of U of 43.48
kg/rai in combination with CF grade 0-46-0 and 0-0-60 of 4 and 4 ng’ZO5 and K2O per rai, respectively
(U43_48, TG), the application of CRCF of 40 kg/rai in combination with CF grade 0-46-0 and 0-0-60 of 4
and 4 KgF’zO5 and KZO per rai, respectively (CRCF4O, T4) and the application of U of 34.78 kg/rai in
combination with CF grade 0-46-0 and 0-0-60 of 4 and 4 kgP205 and KZO per rai, respectively (U3 o T3).

4.
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However, all treatments that applied nitrogen fertilizers affected the available P and exchangeable K of
soil insignificantly but were significantly different when compared with the control treatment (control, T1)

that resulted in the lowest ECe, organic matter, available P, and exchangeable K of sail.

Keywords: chemical fertilizer, nitrogenous fertilizers, starch yield, cassava
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Table 1 Chemical and physical properties of soil (0-30 cm) before the experiment.

Properties Results Rating"”
pH (1:1) 6.85 neutral
ECe (dS/m) 0.62 non-saline
Organic matter (g/kg) 0.68 low
Available P (mg/kg) 26.89 high
Exchangeable K (mg/kg) 64.23 moderately
Exchangeable Ca (mg/kg) 957 high
Exchangeable Mg (mg/kg) 67.25 moderately
Exchangeable Na (mg/kg) 95.56 -
Texture sandy loam -

= FAO Project Staff and Land Classification Division (1973)

Table 2 Detail of treatments.

Quantity of major elements

Treatments Describes Symbols (kgN-P_O -K O per rai)
2 5 2
T1 no fertilizer treatment control 0-0-0
the application of ammonium sulfate (AS) of 76.19 kg/rai in AS7619 16-4-4
T2 combination with chemical fertilizer (CF) grade 0-46-0 and
0-0-60 of 4 and 4 kgP205 and KEO per rai, respectively
the application of urea (U) of 34.78 kg/rai in combination U 16-4-4

per rai, respectively

34.78

T with CF grade 0-46-0 and 0-0-60 of 4 and 4 ng’ZO5 and KQO
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Table 1 (continued)

Quantity of major elements

Treatments Describes Symbols (kgN-P_O -K O per rai)
2 5 2

the application of controlled release chemical fertilizer CRCFAD 16-4-4
T4 (CRCF) of 40 kg/rai in combination with CF grade 0-46-0

and 0-0-60 of 4 and 4 kgPQO5 and K20 per rai, respectively

the application of AS of 95.24 kg/rai in combination with CF AS95 9 20-4-4
T5 grade 0-46-0 and 0-0-60 of 4 and 4 kgP205 and KZO per rai,

respectively

the application of U of 43.48 kg/rai in combination with CF U4348 20-4-4
T6 grade 0-46-0 and 0-0-60 of 4 and 4 kgP205 and K2O per rai,

respectively

the application of CRCF of 50 kg/rai in combination with CF CF{CF50 20-4-4

respectively

T grade 0-46-0 and 0-0-60 of 4 and 4 kgP205 and KZO per rai,
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Table 3 Two years of data on the fresh root yield of cassava at harvesting.

Fresh root yield (ton/rai) ()/(-)
Treatments T-test (%)
1% year 2" year
T, = control 3.48°" 3.02°" ns -13.22
T =AS 10.12° 11.35° * +12.15
2 76.19
T=U 9.83% 10.85° * +10.38
3 34.78
T4 = SRNFm 10.23° 11.81%° * +15.44
T =AS 10.83° 12.79° * +18.10
5 95.24
T=U 10.76° 12.66° * +17.66
6 43.48
T7: SRNF5O 10.89° 12.91° * +18.55
F-test > *
C.V. (%) 14.76 13.65

" Means within the same column followed by the same letter indicate no statistical difference by DMRT
ns = not significantly different at 0.05 probability ~ * indicates significant difference at P< 0.05

** indicates significant difference at P< 0.01
- = decreased fresh root yield

1.2 Wefidusuladauingn

nsldilelulngiauatinsing - sanviasn iy
AILIAX (control, T) ualhdefidusiiladuinan
YR UAN UL NAINTTaLALINGY WANANIAUAEN
a o o o ¢=I aa 1 A [~
WA EmNaa (Table 4) na1aAa NI9LAU
4 ad 4 . o o i
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ANNAIAL LATLANANNAUNNAD LN AL S
o o o rdl = v o @ o
fusnfumIuAN (control, T)) GRS (SRRt
wilsdouinanaessiudleudsdenngn (22.82
wafidus way 20.24 wWafidus muaisu) asnals
=3 di = @ IR ] o
AN WanFauneulefidusiladauinanues
. . . R g .
JudnUzuaglunianunentn 1 wazldn 2 wudn
nnenFunaaesningldilelulnsauatasig o
Hualidafidusuiladauianveaiuglzuaq

+ = increased fresh root yield

ATlutas 4.81-10.49 wafifus Taedaany
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Table 4 Two years of data on the starch contents of cassava at harvesting.

Starch contents (%) (+)/(-)
Treatments T-test (%)
1% year 2" year
T, = control 22.82°" 20.24°" * -11.31
T =AS 27.93° 29.82° ns +6.77
2 76.19
T=U 27.84° 29.18° ns +4.81
3 34.78
'|'4 = SRNF40 28.18° 30.85° * +9.47
T =AS 28.36° 31.29° * +10.33
5 95.24
T=U 28.32° 31.19° * +10.13
6 43.48
T7 = SRNF50 28.42° 31.40° * +10.49
F-test > *
V. (%) 11.46 9.59

"Means within the same column followed by the same letter indicate no statistical difference by DMRT

ns = not significantly different at 0.05 probability
** indicates significant difference at P< 0.01
- = decreased of starch contents

- S
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* indicates significant difference at P< 0.05
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Table 5 Two years of data on the starch yield of cassava at harvesting.

Starch yield (ton/rai) (H)/(-)
Treatments T-test (%)
1* year 2" year
T, = control 0.79%" 0.614" ns -22.78
T =AS 2.83b° 3.38™ * +19.43
2 76.19
T=U 2.74° 3.17° * +15.69
3 34.78
T,=SRNF 2.88%° 3.64° o +26.39
T =AS 3.07%° 4.00° ** +30.29
5 95.24
T=U 3.05% 3.95° o +29.51
6 43.48
T =SRNF_ 3.09° 4.05° ** +31.07
F-test > >
V. (%) 9.49 7.46

Means within the same column followed by the same letter indicate no statistical difference by DMRT

ns = not significantly different at 0.05 probability
** indicates significant difference at P< 0.01
- = decreased of starch contents
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Table 6 Two years of data on the concentrations of total N in fresh root of cassava at harvesting.

Total N (%)

(+)/(-)

Treatments T-test (%)
1° year 2" year
T, = control 0.121°" 0.113" ns -6.61
T,=AS 0.226° 0.234° ns +3.54
T,=U, . 0.221° 0.228° ns +3.17
T,=SRNF 0.231° 0.243° * +5.19
T =AS 0.2417 0.254% * +5.39
5 95.24
T=U 0.237° 0.250° * +5.49
6 43.48
T, =SRNF_ 0.243° 0.256° * +5.35
F-test > >
V. (%) 11.63 10.13

"Means within the same column followed by the same letter indicate no statistical difference by DMRT

ns = not significantly different at 0.05 probability
** indicates significant difference at P< 0.01
- = decreased of starch contents
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Table 7 The properties of the soil after 2 years of planting cassava.

pH EC, oM Avail. P Exch. K Exch. Na
Treatments (1:1 water)" (dS/m)" (g/kg)" (mg/kg)" (mg/kg)" (mg/kg)"
before experiment 6.85 0.62 0.68 26.89 64.23 95.56
T, = control 6.80 0.67° 0.75° 27.32° 66.61° 98.59
T,=AS . 6.62 1.24% 1.11° 39.49° 84.36° 100.45
T=U 6.81 1.12¢ 1.24° 39.43° 84.21° 100.29
3 34.78
T,=SRNF 6.71 1.28° 1.31% 40.22° 85.42° 102.43
T,=AS_, 6.67 1.51% 1.35° 41.38° 86.36° 104.30
T=U 6.84 1.42° 1.37° 40.43° 85.58° 102.44
6 43.48
T, =SRNF_ 6.78 1.63° 1.39% 41.60° 86.60° 104.56
F-test ns * > * o ns
V. (%) 10.13 11.63 9.38 7.65 11.26 8.32

" Means within the same column followed by the same letter indicate no statistical difference by DMRT

ns = not significantly different at 0.05 probability
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Abstract: Entomopathogenic fungi are organisms that naturally parasitize and kill insect pests. These
fungi, which include species such as Beauveria bassiana, Purpureocillium lilacinum, and Metarhizium
anisopliae, have been extensively researched for their potential in biological insect pest control. The
objective of this study was to isolate the entomopathogenic fungus M. anisopliae from sugarcane
longhorn stem borer, B. bassiana, and P. lilacinum from brown plant hopper, and their pathogenicity
was evaluated against Matsumuratettix hiroglyphicus (Matsumura) adults using five concentrations
of 1x10° 1x10°, 1x107, 1x10° and 1x10° conidia/mL. Every day, insect mortality was observed for up
to seven days. The results found that all three fungi at 1x10° conidia/mL concentration caused the
highest insect mortality against M. hiroglyphicus. The entomopathogenic fungi caused 97.6% mortality
in B. bassiana, 95.56% mortality in P. lilacinum and 95% mortality in M. anisopliae at seven days post
treatment, respectively. Fungi caused lower LC50 values in B. bassiana (2.90x10° conidia/mL), in
P. lilacinus (3.76x10° conidia/mL), and in M. anisopliae (7.39x10° conidia/mL) on M. hiroglyphicus
adults, respectively. The results clearly conclude that entomopathogenic fungus is effective and

pollution-free candidates for controlling M. hiroglyphicus insect pest.
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Figure 1 Light trap setting for collecting gray sugarcane leaf hopper, Matsumuratettix hiroglyphicus.
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Figure 2 Rearing cage for Matsumuratettix hiroglyphicus.
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Figure 3 Colonies of tested fungi on agar plate: 1. Metarhizium anisopliae, 2. Beauveria Bassiana and 3. Purpureocilium

lilacinus .
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Figure 5 Adult of gray sugarcane leafhopper, Matsumuratettix hiroglyphicus infected with fungus, Purpureocilium lilacinus

Figure 6 Adult of gray sugarcane leafhopper, Matsumuratettix hiroglyphicus infected with fungus, Beauveria bassiana

Table 1 Virulence of fungus Metarhizium anisopliae against adults of gray sugarcane leafhopper Matsumuratettix

hiroglyphicus 7 days after fungal inoculation

Concentration Mortality LC,, 95%Fiducial CI
(conidia/ml) (%) (conidia/ml) Lower Upper

1x10° 0.00

1x10° 20.00

1x10° 52.00 7.39x10° 2.29x10° 2.38x10’
1x10° 92.00

1x10° 95.00

Control 0.00
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Table 2 Virulence of fungus Purpureocilium lilacinus against adults of gray sugarcane leafhopper Matsumuratettix

hiroglyphicus 7 days after fungal inoculation.

95%Fiducial CI

Concentration Mortality |_(;50
(conidia/ml) (%) (conidia/ml) Lower Uoper

1x10° 37.78
1x10° 60.00

1x10° 73.33 3.76x10° 6.25x10° 2.26x10°
1x10° 93.33
1x10° 95.56
Control 0.00

Table 3 Virulence of fungus Beauveria bassiana against adults of gray sugarcane leafhopper Matsumuratettix

hiroglyphicus 7 days after fungal inoculation.

95%Fiducial Cl

Concentration Mortality LC,,
(conidia/ml) (%) (conidia/ml) Lower Upper
1x10° 46.60
1x10° 60.00
1x107 70.00 2.90x10° 4.77x10° 1.76x10°
1x10° 92.60
1x10° 97.60
Control 0.00
Calculating LD50/LC50 using Probit Analysis
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Figure 7 Median lethal concentration (LCSD) of entomopathogenic fungus, Metarhizium anisopliae calculated by Probit

analysis.
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Calculating LD50/LC50 using Probit Analysis
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Figure 8 Median lethal concentration (LCSO) of entomopathogenic fungus, Purpureocilium lilacinus calculated by Probit

analysis.
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Figure 9 Median lethal concentration (LC5O) of entomopathogenic fungus, Beauveria bassiana calculated by Probit analysis.
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Abstract: This research presents a predictive model for longan production using data mining
techniques. The model utilizes longan production data from farmers in the Chiang Mai, Lamphun and
Phayao provinces, totaling 215 plots in the year 2021. The decision tree technique and relationship
rules were employed in the analysis. Factors found to significantly impact longan production from the
forecasting model include the month of flowering induction and the type of flowering-inducing agent.
It was observed that the use of sodium chlorate as a flowering-inducing agent led to medium to high
predicted yields based on confidence levels in both first and second-order relationship rules. Regarding
the first rule, applying sodium chlorate in December resulted in medium to high production levels, with
53 transactions occurring simultaneously and a confidence level of 62%. In the second rule, the use of
sodium chlorate also resulted in medium to high yields, with 68 transactions happening concurrently

and a confidence level of 62%.

Keywords: forecast, data Mining, product, longan, model for forecasting
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area age distance | height water |water system chemical | month | method | product
1 5 66 5 3 4 1 Dec. 3 Low
1 2 Bxb 1 1 4 2 Dec. 3 medium
1 3 G 1 2 1 2 Dec. 1 medium
1 3 G 1 2 4 3 Dec. 3 High
1 3 Bxb 4 2 1 2 Dec. 3 High
1 3 5x5 1 3 4 2 Dec. 3 Low
1 4 Bxb 2 3 4 2 Dec, 3 Low
1 3 BxB 1 3 4 2 Dec, 3 medium
1 4 G 4 2 1 2 Dec. 3 Low
1 4 Bx6 4 2 4 2 Dec. 3 High
1 3 Gxb 3 1 4 1 Dec. 3 medium
1 3 Bx8 3 2 1 3 Dec, 3 Low
1 3 Gl 5 3 4 1 Dec. 3 medium
1 5 6x6 5 1 2 2 Dec. 3 medium
1 1 Bxb 4 3 4 2 Dec. 3 High
1 1 65 5 3 4 2 Dec. 3 medium
1 3 G 3 3 4 2 Dec, 3 Low
1 4 Gx6 5 3 4 2 Dec. 3 Low
1 4 Axd 5 2 1 2 Diec. 1 medium
1 2 6xb 3 3 4 1 Dec. 2 medium

Figure 2 Example data set.
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anmnuzsvezignarldsvevrinaanin 8x8 wns
FREAT 39.07 TUIA 6x6 FBLAT 35.35 LATUUIA
4x4 Fornr 12.09 MINAIAL AITNAITRIAUANTE
GUIENIN 5.01 — 6.00 LNAT FREAT 29.79 AIINEN
NI 6.01 — 7.00 AT FBEAT 22.79 UATAIN
geRandt 3 AT faEAT 19.07 AINAIAL WU

Table 1 The physical characteristics of longan cultivation plot.

¥ ldrinannaaes 3asas 39.53 1NLNANA Fosas
26.51 1LY SataL 18.60 WAL UNHY Fasay
13.35 doussiininldaneenaatin Seeas 40.93
sruLatTNes Seaay 41.86 UaaaRINSIIuTG
Saiay 13.02 uavsrtaneninvinuulas Fasay
4.19 AIUARS U (Table 1)

Item Number of plots Percentage
Characteristics of the area
1: Upland 117 54.42
2: Lowland 98 45.58
Total 215 100.00
Summary of data from early age
1: Less Than 5 Year 14 6.51
2:5-10 Year 54 25.12
3:10-15 Year 52 24.19
4:15-20 Year 62 28.84
5: More Than 20 Year 33 15.35
Total 215 100.00
Summary of data from distance
10x10 13 6.05
4x4 26 12.09
5x5 9 4.19
6x6 76 35.35
X7 7 3.26
8x8 84 39.07
Total 215 100.00
Summary of data from tree height
1: Less Than 3 Meter 41 19.07
2=23.01-4.00 Meter 56 13.02
3=4.01-5.00 Meter 51 7.91
4 =5.01-6.00 Meter 252 29.30
5=6.01-7.00 Meter 245 22.79
6 = More Than 7.01 Meter 102 7.91

Total

215 100.00
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Table 1 (continued)

Item Number of plots Percentage
Summary of data from Water Source
1: Canal 85 39.53%
2: Rain 33 15.35%
3: Ground water 57 26.51%
4: Reservoir 40 18.60%
Total 215 100.00
Summary of data from Water System
1: Nature 28 13.02
2: Releasing flood waters 9 4.19
3: Sprinkler 90 41.86
4: Watering hose 88 40.93
Total 215 100.00

watlAnsldansnseAuaanaan wudn 14
anslapuNAaBLIR (NaClO)) Feeay 51.16 a7
NunaTeNAaaLIn (KClo) FR8AY 44.19 wazld
valaiAaunanian (NaCIO)) naNAU WL e
ARaLIA (KCIO,) FR88Y 4.65 AMNANAL T2
Feufivanislfarsnssduniseannan wudn
doulunliansnsviuluhauiuanan faaas

76.74 \heY WOAANEY FREAT 12.56 LATIADY
AU FRUAY 5.12 AINANAY d9uATN191E
an9nszrun1seanaan wudl ldn1saanunig
TunFaNAuIIANI9RY Fa8aY 59.07 AANUNIY
TuesinaAen $p8aY 39.07 WAYIIANINAUBLNY
=] ¥ o o [

PEY FREAY  8.84 MINAIAL ANTDYA (Table 2)

Table 2 Summary of flower-inducing agent application techniques.

Item Number of plots Percentage
Flowering stimulants
1: Sodium chlorate 110 51.16
2: potassium chlorate 95 44.19
3: Both together 10 4.65
Total 215 100.00
Month of application of flowering stimulants
September 1M 5.12
October 2 0.93
December 165 76.74
November 27 12.56
January 10 4.65
Total 215 100.00
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Table 2 (continued)

ltem Number of plots Percentage
Methods of giving flowering stimulants
1: Leaf 69 32.09
2: Soil 19 8.84
3: Leaf and Soil 127 59.07
Total 215 100.00

Bnnusanan wudnfeunslduanan
TuszAy dnunang (Wau@am 11nn9n 1,000 Nlandu
sald) faeaz 47.91 se9adnn leNaNARluTE AU
17N (HARAR 1INA91 1,000 Nlaninsals) Saeay

Table 3 Summary of data from Productivity.

32.56 LAY WNANARMMUIZAUAT (NANAR FINGN
500 Nlansurials) fasas 19.53 muaAU Asioya
(Table 3)

Item Number of plots Percentage
low 42 19.53
moderate 103 47.91
high 70 32.56

Total 215 100.00

2) HANNTAFIULLLANIARIAIEATA Technique
Tree

AMNNITUTTNIANANITATIUL LA AR
FaafaneINu J48 Hoeffding Tree waz Random

1 o dl k% v o a s F 7

WU WU aeIRaFanlesanasny J48 Tean
ANONABY (correctly) WATAIAINNUNLENIRAE
49940 Fouay 94.77 UAY 94.80 989AINLTU
o a K 7 U
AANBINN RandomTree "mem’mgﬂmm
(correctly) WAZANANLNUENLRAE FBYAT 70.58

Table 4 Comparing the efficiency of data classification

WAZ 29.41 Qmﬁmﬂuﬁm@?ﬁu HoeffdingTree
IiAAugNAas (correctly) uazAIAINNLNLEN
‘At fotaz 64.53 uaz 35.36 gaduiaanld
fana3Nu weka.classifiers.trees.J48 Lﬁ@\‘i@’miﬁ
rﬁhmmgﬂﬁ@mmmmmmuﬁﬁLfﬂﬁlﬂzgﬁqm uay
wuiladeidaasienisnennsnfiSutnnanan A
ginvasaanazunisaenaen weuitldanansed
wazANgaassiuanle Asdaya (Table 4)

Algorithm Correctly Classified Incorrectly Classified precision
Instances (%) Instances (%)
weka.classifiers.trees.J48 94.77 5.23 94.80
weka.classifiers.trees.HoeffdingTree 64.53 35.46 64.50
weka.classifiers.trees.RandomTree 70.58 29.41 71.4

3) wansaislamamewaila Technique rules
N13UINHAINANAUT (Association
Y ade saal . . & &

Rules) ANAT kiaE apriori ﬁm’uagﬂ@ﬂa:ﬂ@umﬂ

©
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a ¥ o
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o
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aa v A dl v %
nseanman 28019l iheunliaisnsriunIg
aanman wariFuinuanansals doyaaiuau
215 Uilas AIENI9ITYAIRBL NUUAAT minimum

support >= 1 lLlaz A1 confidence >= 0.60 (Li et
al., 2017) mmm@uﬁuﬁ“ﬁﬂﬂmmmmem\mg
IfAsdaya (Table 5)

Table 5 The Association Rule of the Apriori Algorithm weka.associations.Apriori.

Rules confidence support
1 chemical=1 month=Dec. 85 ==> product=medium 53 0.62 53/215=0.24
2 chemical=1 110 ==> product=medium 68 0.62 68/215=0.31
3 water source=1 85 ==> product=medium 46 0.54 46/215 = 0.21
4 distance=8x8 84 ==> product=medium 45 0.54 45/215=0.20
5 month=Dec. 165 ==> product=medium 86 0.52 86/215 =0.40
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4 da o
ngh 3, 4 uay 5 ungndsyAumIN
A4 o o Vv = \ oA A
ToUANGN Fasay 60 adliTANNLNTaNe

= s o
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= A o oAy A = Y
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= \a P e )
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TonananlusrAulIBna e 68 wlad

a4 ldy 4 v
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Determination of Morpho-Anatomical Characteristics Related to Stem Lodging and Yield Loss
Under Delayed Harvesting in Hybrid Rice (Oryza sativa L.)
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Abstract: Delayed harvest drastically affects grain yield owing to plant lodging, which is difficult to
perform on time with the mechanical harvester. In addition, hybrid rice is prone to lodging due to the
hybrid plants' height. Therefore, this study focused on the relationship among morpho-anatomical
traits, grain yield, and lodging through eighty-seven lines of F1 hybrids, both late harvested and on-time
harvested. The range of lodging score (3.5-7.0) of F1 in late harvesting was higher than that of lodging
score (1.0-4.0) in on-time harvesting. In addition, the average grain yield in late harvest decreased
dramatically when compared with on-time harvest (68 g/plant in on-time and 6 g/plant in late harvest).
In terms of environmental factors, it was found that the frequency of rainfall and wind speed during the
harvesting period were the main causes of rice plant lodging. The path coefficient analysis revealed
that grain yield had a negative direct effect on lodging and plant height had a positive direct effect on
lodging in both conditions. Moreover, basal stem diameter was the most negative directly affected by
lodging, followed by the top tissue area, basal parenchyma tissue and basal vascular bundle area.
In addition, top stem diameter was the positive directly affected by lodging. It can be concluded that

reducing plant height and increasing the culm diameter and culm wall thickness of the hybrid rice
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tend to improve the breeding program for reduced grain loss in hybrid rice, especially in an unsuitable

environment. In addition, on-time harvesting must be a concern for rice production.

Keywords: rice, lodging, hybrid, morphology, anatomy, agronomic, yield, delayed harvest
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Introduction production. Rice harvesting must be carried out

Rice is currently the staple meal for atan appropriate time. However, as impacted by

nearly half of the world's population (Costa de
Oliveira et al., 2020), and demand for rice is
expected to increase until at least 2035 (Pan
et al., 2019). Thus, to ensure the safety of rice
production, paddy rice losses should be avoided
in each process of rice production with limited
land resources (Wang et al., 2021).

Harvesting is one of the activities in the

production process of the value chain of rice

weather, manpower, or agricultural machinery
dispatching, rice is difficult to harvest on the
optimal harvest date (Dumitru et al., 2020).
Delayed harvest causes a significant reduction
in the recoverable quantity and quality of rice
(Chandegara et al., 1999). Once the harvesting
is delayed, it will inevitably lead to a decline
in rice production and constrain resource

utilization and environmental sustainability
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(Hossain et al., 2009). Baktiar et al. (2013) and
Kandil et al. (2010) reported that rice harvesting
at 30 to 35 days after flowering was found to be
suitable for higher grain quality in respect of head
rice, elongation (%), and amylose content.
Mechanized harvesting is needed due
to rice production's enormous planting area.
The current harvest of rice products in Thailand
differs from the past when manual labor was
primarily used. Combine harvesters have become
increasingly popular due to their efficiency; they
work rapidly and can shorten the harvesting
process, resulting in an increase in demand
among farmers. However, weather conditions,
workforce availability, and harvester scheduling
remain hurdles to timely rice harvesting (Teasdale
et al., 2004). Therefore, delays in harvesting
caused plants to lodge, grains to fall from the
panicle, and diseases to infect the grains,
resulting in lower productivity and quality.
Thailand is among the world's major rice
producers and exporters. About half of the total
annual rice produced in Thailand comes from
the Chao Phraya river basin, both in wet and dry
seasons (Stuart et al., 2018). The dry season,
is the planting season with the most lodging
problems, resulting in a significant loss of rice
yield. Since the dry season, rice harvest occurs
during the start of the rainy season, between
May and June. During that time, the southwest
monsoon winds become stronger. This results
in strong winds and heavy rains, causing tall
rice plants with weak root systems to lodge. Rice
lodging during physiological maturity causes the
panicle of rice to make contact with the ground,
resulting in high seed moisture content, humidity,
and the seeds germinating or plants collapsing,
causing difficulties for harvest operations such as

increased demand for grain drying, decreased

harvesting efficiency, or increased production
costs (Jatuporn, 1997; Islam et al., 2007).

In the natural environments, lodging
occurs when the upper part of the plant,
especially when the panicle increases in weight
and during heavy rains coupled with strong winds,
becomes more susceptible to lodging (Shrestha
et al., 2020; Zhao et al., 2019). Lodging is
classified into two types: stem lodging and
root lodging. Stem lodging is associated with
the buckling of a stem on the ground caused
by wind force, whereas root lodging is termed
when root fails to maintain strong soil contact or
has poor anchorage in a soil (Berry et al., 2003).
Generally, lodging is intimately related to plant
morphological traits and stem physical strength
(Shah et al., 2019). The plant height and the
height of the center of gravity were the major
morphological variables influencing lodging
resistance (Islam et al., 2007). However, the
relationship between plant height and lodging
risk is not yet fully understood (Wu et al., 2022).

Hybrid rice had a yield advantage of
about 15% over the best pure line cultivars in
farmers’ fields (Yuan et al., 1994). Recently,
hybrid rice varieties have been commercialized
in India, Vietnam, the Philippines, and
Bangladesh (Virmani, 2003) but not in Thailand.
However, Virmani (2003) reported that lodging
occurred frequently in farmers’ fields where
hybrid rice was grown because the hybrid
plants were too high. Therefore, this study
focused on the correlation between morpho-
anatomical traits, grain yield, and lodging through
hybrid rice lines during late harvesting compared
with on-time harvesting. We aimed to quantify
the key morphological and anatomical traits
associated with lodging resistance, particularly

stem lodging, when harvesting is delayed.
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The genotypic variation in lodging resistance
and other traits among hybrid lines was
also determined. Understanding these
characteristics can help inform future breeding
programs to develop more resilient and high-
yielding rice varieties. Additionally, the results of
this research may provide valuable insights for
breeders looking to optimize the harvest timing
and minimize losses due to lodging, which will

benefit farmers even further.

Materials and methods
Plant materials and experimental field
management

The eighty-seven lines of F1 hybrid rice
from National Center for Genetic Engineering and
Biotechnology (BIOTEC), Thailand were used in
this study (Table supplement 1). The experiment
was conducted in the research field at Kasetsart
University, Kamphaeng Saen Campus, Nakhon
Pathom, Thailand (14°02'69.6"N, 99°97'46.9"E,
10 m above sea level) in two seasons: wet
season (WS) and dry season (DS). In WS, hybrid
plants were grown from May until September
2020 (WS2020), and the harvest time was
conducted 30 days after flowering reached
100%. This is classified as on-time harvested
during the rice-growing season. On the other
hand, DS was started from February to July
2021 (DS2021), and the harvest time was
conducted on 60 days after days to 100%
flowering. This is classified as late-harvested
during the dry season.

Field experiments were arranged in a
randomized block design with three replications,
both in wet and dry seasons. Each hybrid line
was planted in 2 rows (4 m/row) with a spacing
of 25x50 cm, and the transplanting method

under flooded conditions was applied. In

addition, the experimental plots for two seasons
were conducted in the same field. The rice plants
were seeded in a field nursery. After 15 days,
each seedling plant was transplanted into the
experimental plot. The fertilizer was applied 15
days after planting at a rate of 75 kg/ha of N,
37.5 kg/ha of P2O5, and 37.5 kg/ha of K O. The
second split of fertilizer was applied at the booting
stage (65 days after planting) at a rate of 37.5
kg/ha of N. The water management was
conducted in flooded conditions by maintaining
a water depth of 10 cm above the soil surface,
and the water levels were not allowed to be
more than 5 cm above the soil from 15 days
after transplanting to 14 days before harvest.
Other management practices were performed in
accordance with conventional high-yield
cultivation approaches following Thai rice
department. The weather data, including air
temperature, relative humidity, amount of
rainfall, and wind speed, were measured every
3 hours per day with a microclimate weather
station (WatchDog 2000 Series Micro Stations,
Spectrum Technologies, Inc., USA).
Phylogenetic analysis based on whole genome
sequencing (WGS)

A phylogenetic analysis was conducted
to establish the genetic information of the parent
lines required to produce F1 progenies. The
gDNA from the leaves was isolated according
to the DNeasy Plant Mini Kit (Qiagen) protocol.
The DNA quantity was tested with a NanoDrop
8000, and the concentration exceeded 50 ng/
pl. The DNA was then sequenced on an Illumina
HiSeq X by Novogene AT, Singapore. The Bowtie
2 program was subsequently used to align the
nucleotides (Langmead and Salzberg, 2012),

and the GATK program was used to analyze
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the single-nucleotide polymorphisms (SNPs) in
each sample (McKenna et al., 2010). Finally, the
nucleotide sequences from the parent lines were
utilized to generate a phylogenetic tree via the
MEGA X program.
Assessment of agronomic and morphological
traits

Agronomic data were collected over
two seasons, including plant height (cm), days
to 100% flowering, panicle length (cm), effective
tillers per plant, filled grains per panicle, unfilled
grains per panicle, 1000-grain weight (g), and
grain yield per plant (g). Each plot was sampling
five plants as the survey unit. Plant height, days
to 100% flowering, and effective tillers per plant
were measured at the end of the vegetative
stage, while the other traits were measured at
the maturity stage. In addition, the grain
yield moisture was adjusted to 14% and
then extrapolated to units of g/plant. The
morphological traits, including culm diameter
and culm wall thickness, were also measured
after removing the leaf sheath.

Lodging scores were evaluated after
100% flowering. Lodging severity was scored
visually as a percentage of plants that lodged
at maturity, as described by IRRI (2014). These
were assessed on a 1-9 scale, where 1 was totally
upright and 9 was totally lodged.
Observation of the anatomical of the culm

The anatomical traits were collected
on WS compared between resistance and
susceptibility to lodging. The primary culm was
cut one day after 100% flowering from the top
10 lines of lodging susceptibility and 10 lines
of lodging resistance. The top and basal stem
were collected at 5 cm and 3 cm below the

neck panicle and basal ground, respectively.

The samples were fixed in FAA solution
(Formaldehyde Alcohol Acetic Acid,
70%:5%:5%+30% water). The samples were
cross-sectioned by hand using sharp razor
blades. The biological stain solution was made
with 0.05% Toluidine blue-O. The cross-sectioned
samples were placed on a slide, stained with a
70% ethanol solution, and allowed to air-dry at
room temperature. The stained cross-section
was observed on the microscope (Leica, model
ICC50 HD). Top vascular bundle number (TVBN),
basal vascular bundle number (BVBN), top vas-
cular bundle area (TVBA), basal vascular bundle
area (BVBA), top tissues diameter (TTD), basal
tissues diameter (BTD), top tissues area (TTA),
basal tissues area (BTA), top parenchyma tissues
(TPT), and basal parenchyma tissues (BPT) were
measured using the GNU Image Manipulation
Program (GIMP 2.10.22), as base values of pixels
were calibrated and calculated.
Statistical analysis

The statistical analysis of agronomic,
morphological, and anatomical traits was
evaluated among F1 lines by analysis of
variance. The means were separated using
Duncan’s test at alpha levels of 0.05. If there was
a significant difference among the experiments
for a given parameter, then the values from all
the experiments for that parameter were used to
obtain the means and standard error. In addition,
the path coefficient was analyzed to determine
the direct effect of agronomic, morphological, and
anatomical traits. The R program version 4.2.1 (R
Core Team, 2022) and the package agricolae
version 1.4.0 (v1.4.0; Felipe & Muhammad, 2020)
were used to analyze all the data for analysis of

variance and path coefficient, respectively.
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Results

Phylogenetic relationships of parental lines

Based on the results obtained for the
WGS analysis, a phylogenetic tree was divided
into three groups. Each group contained both
female-parent TGMS lines and male-parent
limes. For female parents, group | contained
T6-4 and T6-6, group Il contained 18LMP-FS-8,
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18LMP-FS-9, and 18LMP-FS-10, and group Il
contained 18LMP-FS-1, 18LMP-FS-2, 18LMP-
FS-3, 18LMP-FS-4, 18LMP-FS-5, 18LMP-FS-6,
and 18LMP-FS-12 (Figure 1). In addition, it was
found that some of the F1 lines were derived from
female and male parents in the same group and

among groups (Figure 1 and Table supp. 1).
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Figure 1 Phylogenetic relationships of parental lines based on whole genome sequencing (WGS). Marked brown refers

to female parents.

Weather conditions

The experiment was conducted in WS
2020 and DS 2021. In WS 2020, the average
temperature from May to August was 31.1°C
daytime/27.1°C nighttime, while the average
temperature in DS2021 from February to July
was 30.3°C/26.7°C, daytime/nighttime. The
average of relative humidity when compared
between WS2020 (74%RH/88%RH, daytime/
nighttime) and DS2021 (73%RH/87%RH,
daytime/nighttime) was slightly different
as the RH of WS2020 was higher than that

of DS2021. However, the amount of total
rainfall in WS2020 (528.7 mm) was clearly
higher than that of DS2021 (246.7 mm). In
addition, the rain distribution in WS2020 was more
uniform than that in DS2021. The frequency of
rainfall in WS2020 was greater in June (tillering
stage) and August (ripening stage), while the
frequency of rainfall in DS2021 started from the
end of May (flowering stage) until August (late
harvesting). Interestingly, the average wind
speed in DS2021 (8.7 km/h and 3.7 km/h,

daytime/nighttime) was greater than that of
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WS2020 (4.6 km/h daytime and 2.0 km/h
daytime/nighttime). Furthermore, high wind
speeds in both WS2020 (27 km/h) and DS2021
(27 km/h) were reported at the end of the

experiment, which coincided with both seasons'
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(4]

s .Ll i

L]

\ ]
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=

harvesting periods. However, the rice plants
in DS2021 continued in the field 30 days after
maturity, whereas the grain yield in WS2020 was

harvested on time (Figure 2A-H).
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Figure 2 Weather data, including air temperature (A, B), relative humidity (C, D), amount of rainfall (E, F) and wind speed

(G, H) from wet season 2020 and dry season 2021.

Agronomic variation between WS2020 and
DS2021

The combined analysis of agronomic
traits revealed that every agronomic trait
(excluding grain weight) differed significantly
between WS2020 and DS2021. Moreover, there
was significant phenotypic variation for each
trait across F1 lines, and all phenotypic values

were approximately normally distributed in both

WS2020 (on-time harvest) and DS2021 (delayed
harvest) (Figure 3 and Table 1). However, the
range of distribution in each trait compared
between WS2020 and DS2021 showed
differences. The range of lodging scores
(3.5-7.0) in DS2021 was higher than that of
lodging scores (1.0-4.0) in WS2020. On the
other hand, the range of panicle length, filled

grains per panicle, and grain yield in WS2020
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were significantly higher than those in DS2021.

However, the range of plant height, tiller per
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Figure 3 Lodging score and agronomic variationin F_hybrid rice (A-H) between WS2020 (bule color) and DS2021 (orange

color). The dark brown color refers to the average distribution of two seasons.
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Table 1 ANOVA means and ranges of agronomic traits of F1 lines under normal condition, in WS2020 and delayed

harvest condition in DS2021.

F1 lines
Traits Years
Mean +/- SD LSD Min Max CV% F-value P-value

LS WS2020 1.98 £1.41B 1.10 1.00 4.33 40.59 1.49 *
DS2021 4.92 +0.71A 0.94 3.50 7.00 20.03 4.37 *
PH  WS2020 111,40+ 7.78B 4.35 79.62 135.00 2.91 10.47 >
DS2021 122.09 £ 2.12A 4.66 100.00 138.00 2.83 28.31 *
PL WS2020 27.96 = 2.71A 8.13 22.44 42.39 24.53 2.81 ns
DS2021 22.07 £0.75B 4.47 14.94 32.00 15.15 1.04 ns
ETP  WS2020 21.71 £ 7.46A 7.30 9.33 34.00 24.53 1.98 *
DS2021 16.83 +4.28B 5.87 6.33 34.00 31.77 2.43 *
FGPP  WS2020 190.86 + 66.86A 55.89 42.78 329.44 21.44 2.05 *
DS2021 54.20 + 25.50B 37.47 7.78 129.33 50.65 3.06 >
UGPP  WS2020 47.86 + 26.71A 30.09 19.22 135.00 45.71 1.73 *
DS2021 38.57 £ 18.27B 25.02 6.67 110.00 47.31 2.27 *
TGW  WS2020 28.93 £ 1.08 2.26 23.10 33.37 5.80 6.20 >
DS2021 26.16 + 0.06 1.96 15.57 30.75 5.44 5.07 *
GYP  WS2020 68.80 + 4.87A 36.31 17.91 145.54 39.43 1.15 *
DS2021 6.31 + 3.40B 7.47 0.92 18.27 87.67 1.61 >

LS = Lodging score, PH = Plant height (cm), PL = Panicle length (cm), ETP" = Effective tiller per hill, FGPP = Filled grains
per panicle, UGPP = Unfilled grains per panicle, TGW = 1000 grains weight (g), GYP = Grain yield per plant.

* Kk

, " and ns = represent significant differences at 0.05, 0.01 levels and no significant difference, respectively

When the lodging score was considered
in WS2020, the results showed that the F1 lines
were identified as having strong resistance
(score = 1) to moderate resistance (score = 4).
Among these, thirty-five F1 lines were identified as
having strong resistance (Figure 4A). However,
the lodging score increased dramatically in all
F1 lines in DS2021 from moderate resistance
(score = 3.0) to weak resistance (score = 7.0).
Furthermore, grain yield in all F1 lines declined

significantly in DS2021. The range of grain yield

in WS2020 was 17.91-145.54 g/plant, while
grain yield in DS2021 ranged from 0.92-18.27
g/plant. The maximum grain yield was obtained
in F1 hybrid "RGD18511" (145.54 g/plant), while
in DS2021, RGD18153 had the highest yield
(18.27 g/plant) (Figure 4B). The parents of these
F1 lines are derived from different groups. In
addition, most of the low-yielding F1 lines came
from crossbreeding between parents in the

same group (Figure 1).
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Figure 4 Lodging score (A) and grain yield /plant (B) ranking during the wet season (WS2020) and the dry season
(DS2021). The WS2020 data served as the basis for the ranking direction.

The findings of seed setting followed
the same pattern as grain yield. In WS2020,
the average percentage of seed set was 80%
and ranged from 90-61%, whereas in DS2021,
the average percentage of seed set was
decreased to 58% and ranged from 87%-11%.
In addition, it was noticed that the mean of total
spikelets on panicle in DS2021 (93 spikelets)
was significantly lower than in WS2020 (239
spikelets) (data not shown).

In this study, the relationship between
stem lodging and agronomic traits was
investigated under both normal (WS2020)
and delayed harvest (DS2021). Under normal

conditions, lodging had a positive correlation
with plant height (r = 0.41). In contrast, lodging
had a significant negative correlation with grain
yield/plant (r = -0.34). Furthermore, grain yield
was strongly positively linked with plant height
(r = 0.46) and tiller number (r = 0.46) (Table 2).
The correlation in the delayed harvest condition
showed the same results as in the normal
condition. The lodging had a negative
association with grain yield (r = -0.55) but
a positive correlation with plant height (r =
0.37). Moreover, the grain yield was positively
correlated with tiller number (r = 0.46) and filled

grain/panicle (r = 0.38), respectively (Table 2).
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Table 2 Correlation analysis among agronomy traits of F1 lines in WS2020 and DS202.

Traits LS GY PH PL N FG UF SS GW
WS2020

LS 1.00

GY -0.34* 1.00

PH 0.41* 0.46* 1.00

PL -0.05 0.03 0.12 1.00

N -0.26 0.46* 0.25 -0.01 1.00

FG 0.04 0.17 0.31 0.20 -0.10 1.00

UF 0.08 0.05 0.02 0.01 -0.02 0.30 1.00

SS -0.05 0.06 0.18 0.14 0.02 0.39* -0.73* 1.00

GW -0.09 0.11 -0.08 0.06 0.32* -0.48* -0.17* -0.13 1.00

DS2021

LS 1.00

GY -0.56™ 1.00

PH 0.37* -0.07 1.00

PL -0.20 0.22 0.14 1.00

TN -0.25 0.46* -0.24 0.25 1.00

FG 0.04 0.38* 0.12 0.12 0.15 1.00

UF -0.19 -0.18 0.07 0.17 0.04 -0.03 1.00

SS 0.14 0.37* -0.01 -0.11 0.04 0.65** -0.71* 1.00

GW -0.08 0.13 -0.18 0.04 0.12 -0.12 0.01 -0.09 1.00

*, **Significant at the 0.05 and 0.01 probability levels, respectively

LS= lodging score, GY = grain yield, PH = Plant height, PL = Panicle length, TN = Tiller number, FG = Filled grains per

panicle, UF = Unfilled grains per panicle, SS = Seed set and GW = Grains weight.

Path coefficient analysis, which furnishes
the cause and effect of different agronomic
traits, provides a better index for selection than
mere correlation coefficients. Therefore, path
analysis was used to determine the direct and
indirect effects contributing to lodging in both
normal and delayed harvest conditions. Under
normal conditions, lodging had the greatest

negative impact on grain yield (-0.592), with

plant height having an indirect effect (0.364).
Furthermore, the plant height (0.791) showed the
most positive direct influence on lodging. This
finding was consistent with the path coefficient
analysis in the delayed harvest scenario, in which
grain yield had a negative direct influence on
lodging (-0.768) and plant height had a positive
direct effect on lodging (0.386) (Table 3).
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Table 3 Direct and indirect effects of agronomic traits on lodging score in WS2020 and DS2021.

Indirect effect

Traits Corlrelation Direct
with LS effect GY PH PL N FG UF Ss GW
WS2020
GY -0.34* -0.592 - 0.364 -0.003  -0.107  -0.030 0.012 0.007 0.010
PH 0.41* 0.791 -0.272 - -0.015  -0.058 -0.055 0.006 0.020  -0.007
PL -0.05 -0.124 -0.015 0.099 - 0.002  -0.035 0.003 0.016 0.006
TN -0.26 -0.231 -0.275 0.198 0.001 - 0.017 -0.005 0.002 0.029
FG 0.04 -0.177 -0.099 0.246 -0.024 0.022 - 0.070 0.044 -0.043
UF 0.08 0.235 -0.029 0.019 -0.002 0.005 -0.053 - -0.084 -0.015
SS -0.05 0.115 -0.035 0.141 -0.017  -0.004 -0.069 -0.172 - -0.012
GW -0.09 0.090 -0.063  -0.061 -0.008 -0.075 0.084 -0.040 -0.015 -
DS2021
GY -0.55™* -0.768 - -0.028  -0.026 0.079 0.129 0.065 -0.020  0.020
PH 0.37* 0.386 0.056 - -0.016  -0.042  0.039 -0.025 0.001 -0.029
PL -0.20 -0.117 -0.171 0.053 - 0.043 0.039 -0.063 0.006 0.005
TN -0.25 0.170 -0.355  -0.094  -0.030 - 0.051 -0.013 -0.002  0.019
FG 0.05 0.331 -0.299 0.046 -0.014 0.026 - 0.011 -0.035  -0.019
UF -0.19 -0.366 0.135 0.027 -0.020 0.006  -0.010 - 0.039 0.001
SS 0.14 -0.054 -0.281 -0.004 0.013 0.006 0.214 0.262 - -0.014
GW -0.03 0.156 -0.096  -0.071 -0.004 0.021 -0.041 -0.003 0.005 -

*, **Significant at the 0.05 and 0.01 probability levels, respectively

LS= lodging score, GY = grain yield, PH = Plant height, PL = Panicle length, TN = Tiller number, FG = Filled grains per

panicle, UF = Unfilled grains per panicle, SS = Seed set and GW = Grains weight.

Morphology and Anatomy traits in WS2020

In WS2020, thirty-five F1 lines were
identified as having high resistance to lodging,
while another fifty-two F1 lines were identified
as having intermediate resistance. Therefore,
the lodging in WS2020 can be divided into
two groups, and the statistical analysis was

conducted to compare between the two groups

and within the groups shown in (Table 4). The
findings revealed no significant differences in
morphological and anatomical features between
the high and moderate resistance groups.
However, some traits were significant within
the group, including the top stem. Thus, the
morphological and anatomical traits were not

assessed again in DS2021.
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Table 4 ANOVA means and ranges of morphological and anatomical root traits of F1 lines under on time harvestin WS2020.

F1 lines
Traits Lodging
Mean +/- SD LSD Min Max F-value P-value

Morphological

R 2.83+0.76 0.62 1.1 4.08 2.23 >
TSD

S 2.74 +0.68 0.62 1.54 3.67 1.66 ns

R 5.69 +1.48 1.13 3.27 8.22 1.98 *
BSD

S 5.34 +1.30 1.35 3.10 7.31 0.71 ns

R 0.12+0.03 0.02 0.07 0.18 3.65 *
TST

S 0.12+£0.02 0.03 0.08 0.17 2.47 *

R 0.26 £ 0.07 0.05 0.13 0.40 2.82 >
BST

S 0.26 + 0.04 0.06 0.20 0.35 0.86 ns
Anatomical

R 20.00 + 3.78 3.51 11.00 31.00 4.36 >
TVBN

S 19.50 + 3.14 3.30 13.00 26.00 3.71 *

R 33.00 £ 2.57 0.60 24.00 40.00 3.37 *
BVBN

S 32.63 £2.31 2.15 28.00 39.00 5.38 *

R 0.01 £0.00 2.89 0.00 0.02 1.59 o
TVBA

S 0.01 £0.00 2.58 0.01 0.02 3.73 *

R 0.01 £0.00 3.57 0.00 0.02 1.50 *
BVBA

S 0.01 +0.00 2.93 0.01 0.02 1.31 ns

R 0.04 £ 0.01 1.38 0.00 0.10 1.03 ns
TTA

S 0.03 = 0.01 0.02 0.01 0.06 1.52 ns

R 0.04 +0.03 0.02 0.00 0.16 1.08 ns
BTA

S 0.04 £ 0.02 0.01 0.01 0.09 0.69 ns

R 0.21+0.16 0.21 0.11 0.18 0.93 ns
TPT

S 0.19+0.04 0.05 0.11 0.29 1.87 ns

R 0.44 + 0.1 0.10 0.04 0.65 1.76 *
BPT

S 0.42 £0.10 0.53 0.04 0.60 0.43 ns

R = Lodging resistance, S = Lodging susceptible, TSD = Top stem diameter, BSD = Basal stem diameter, TST = Top
stem thickness, BST = Basal stem thickness, TVBN = Top vascular bundle number, BVBN = Basal vascular bundle
number, TVBA = Top vascular bundle area, BVBA = Basal vascular bundle area, TTD = Top tissues diameter, BTD =
Basal tissues diameter, TTA = Top tissues area, BTA = Basal tissues area, TPT = Top parenchyma tissues and BPT =

Basal parenchyma tissues

*, **and ns = represent significant differences at 0.05, 0.01 levels and no significant difference, respectively

The correlation analysis revealed that
lodging was adversely connected with basal stem
diameter (r = -0.325). Furthermore, some root
morphology and anatomy traits showed strong

positive correlations, such as top stem diameter
with basal stem diameter (r = 0.695), basal stem
thickness with basal parenchyma tissues (r =
0.569), top vascular bundle number with basal
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vascular bundle number (r =0.584), top vascular 0.852), and top tissue area with basal tissue area
bundle area with basal vascular bundle area (r = (r=10.586) (Table 5).

Table 5 Correlation analysis among morphology and anatomy traits of F1 lines in WS2020.

Traits LS TSD BSD TST BST TVBN BVBN TVBA BVBA TTA BTA  TPT  BPT

LS 1.000

TSD 0.054 1.000

BSD -0.058  0.695"* 1.000

TST -0.082 -0.210 0.004  1.000

BST -0.089  0.083 0.152 0.453* 1.000

TVBN  -0.100 -0.005 0.121 0.367* 0.483*  1.000

BVBN -0.126  0.107  0.164 0.390* 0.369* 0.584** 1.000

TVBA  -0.151 0.006 -0.098 0.025 0.048 0.075 0.125  1.000

BVBA -0.184 -0.025 -0.051 0.052 0.074 0.132  0.122 0.852** 1.000

TTA -0.172  -0.063 -0.116  0.066 0.053 -0.042 0.004 0.210 -0.066 1.000

BTA -0.045 -0.098 -0.029 0.053 0.007 0.033  0.107  0.149 -0.063 0.586** 1.000
TPT 0.182 0.054 0.047 -0.073  0.008 0.034 0.199 -0.032 -0.042 -0.129 -0.136 1.000

BPT -0.153  0.120 0.070 0.304* 0.569** 0.326* 0.211 0.064 0.137 -0.150 -0.275 -0.018 1.000
*, **Significant at the 0.05 and 0.01 probability levels, respectively

The path coefficient study of lodging's bundle area (-0.211). Furthermore, lodging had
contribution to stem morphology and anatomical a direct favorable effect on top stem diameter
traits revealed that lodging had the greatest direct (0.612). Thus, plant lodging is mostly influenced
negative effect on basal stem diameter (-0.592), by the structure of the rice plant's basal stem
followed by top tissue area (-0.354), basal (Table 6).

parenchyma tissues (-0.248), and basal vascular

Table 6 Direct and indirect effects of morphology and anatomy traits on lodging score in WS2020.

Tra  COTelation  Direct Indirect effect

with LS effect  1sp  BsD TST BST NTVB NBVB TVBA BVBA TTA  BTA TPT  BPT
TSD 0.054 0.612 - -0.543 -0.001 0.012 0.000 -0.018 0.000 0.005 0022 -0.015 0.010 -0.030
BSD 0325  -0.787 0422 - 0.000 0.022 0010 -0.027 -0.003 0.011 0.041 -0.004 0.009 -0.017
TST -0.031 0.069 -0.013 -0.003 - 0.065 0029 -0.064 0.001 -0.011 -0.023 0.008 -0.013 -0.075
BST -0.088  0.144 0050 -0.120 0.031 - 0.038 -0.061 0.001 -0.016 -0.019 0.001 0.001 -0.141
NTVB  -0.100  0.080 -0.003 -0.095 0.025 0.069 - -0.096 0.002 -0.028 0.015 0.005 0.006 -0.081
NVBV ~ -0.126  -0.165 0.066 -0.129 0.027 0.053 0.046 - 0.004 -0.026 -0.001 0.016 0.036 -0.052
TVBA  -0.151 0.029 0.003 0077 0002 0.007 0.006 -0.021 - -0180 -0.074 0.022 -0.006 -0.016
BVBA  -0.185  -0.211 -0.015 0.040 0.004 0.011 0.010 -0.020 0.025 - 0.023 -0.009 -0.008 -0.034
TTA 0172  -0354 -0.039 0.091 0.005 0008 -0.003 -0.001 0.006 0.014 - 0.087 -0.023 0.037
BTA -0.045  0.149 -0.060 0.023 0004 0.001 0003 -0.018 0.004 0013 -0.207 - -0.025 0.068
TPT 0.182 0.183 0.033 -0.037 -0.005 0.001 0.003 -0.033 -0.001 0.009 0.045 -0.020 - 0.004

BPT -0.153 -0.248 0.074 -0.055 0.021 0.082 0.026 -0.085 0.002 -0.029 0.053 -0.041 -0.003 -
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Discussion

Lodging refers to the stem-breaking
type, stem-bending type, or root lodging of the
plantand is one of the most concerning problems
faced by farmers worldwide (Shah et al., 2019).
In this study, lodging of the rice plants occurred
dominantly near the bottom, which was mainly
caused by the breaking or bending of the basal
stem. Thus, the stem lodging was investigated
in eighty-seven lines of F1 hybrid rice in the wet
season (on time harvested) and the dry season
(late harvested).

The results showed that rice planted
in the dry season with a late harvest caused
severe lodging of the rice plants and a significant
drop in grain yield when compared to the wet
season with an on-time harvest. According to
Jatuporn (1997), the dry season in Thailand has
the greatest problems with plant lodging and
grain production loss since rice is harvested at
the beginning of the wet season, around June
and July. This result is consistent with previous
research, in which dry-season rice harvesting
was delayed until July. Shrestha et al. (2020)
proposed that plant lodging occurs when the
upper part of the plant increases in weight due
to rainfall interception during heavy rains or
is unable to tolerate strong winds. In addition,
De Datta (1981) found that rice plants that are
exposed to strong winds after flowering are easily
broken. In this study, the frequency of rainfall
in the dry season was started from flowering to
late harvesting (30 days after maturity stage).
Furthermore, the average wind speed in the dry
season was higher than in the wet season, with
the maximum wind speed occurring during the
harvesting period. Therefore, wind and rainfall
are important environmental factors that cause
lodging of rice plants (Islam et al., 2007; Wu et
al., 2022).

When considering the agronomic
factors that are associated with plant lodging,
Wang et al. (2011) suggested that plant height
and panicle weight are the main factors that
cause rice plant lodging. In addition, Shah et
al. (2019) and Wang et al. (2022) confirmed
that plant height is the most important factor
influencing lodging from blooming to harvest-
ingstages in rice. These support the result in
this study, with plant height positively correlated
with lodging, and plant height was the greatest
positive direct effect of lodging analyzed by
the path coefficient. The mean plant height in
this study was 111 and 122 cm, while Wang
et al. (2022) suggest that lowering plant height
from 95.4 to 80.5 cm can reduce plant lodging.
The study also found that delayed harvesting in
the dry season had a significant effect on plant
lodging, and grain yield was very low compared
to on-time harvesting. It suggests that although
plant height is the major effect on plant |
odging, the dried basal culm wall also acts as
the weak point. Drying the culm after maturity
can increase the severity of plant lodging (Liu
et al., 2022). Therefore, a reduction in plant
height can decrease lodging due to a lower
center of gravity and a reduction in the plant's
above-ground burden on the lower stem of rice
(Okuno et al., 2014). In addition, on-time rice
harvesting is also an important consideration.

In terms of morphology and anatomy
of the culm, plant lodging was negatively
correlated with basal stem diameter. This result
can be supported by Islam et al. (2007) and
Zhang et al. (2014), who reported that stem
diameter and culm wall thickness are the
primary influencing factors for plant lodging.
Thus, greater culm diameter is strongly
associated with the culm wall thickness, which

is an integral element in improving resistance
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to lodging in rice (Islam et al. 2007). Therefore,
increasing the rice plant's culm diameter
and culm wall thickness tends to improve the
breeding program (Kashiwagi et al., 2008).
Moreover, semi-dwarf plants must be concerned
with large culm and culm wall thickness.
However, in this study, top stem
diameter was positively influenced by plant
lodging. It indicates that the top of the stem
has a large culm, resulting in lodging resistance
in rice plants. This may indicate that the size
of the culm at the top also contributes to plant
lodging. However, Li et al. (2011) found that
plant culm diameter was generally greater at
the initial internode but gradually decreased in

the upper direction of the plant portion.

Conclusion

The delayed harvest causes a severe
problem for plant lodging and decreases grain
yield. Plant height exerts a major effect on plant
lodging. In addition, stem diameter and culm
wall thickness are the primary influencing
factors for plant lodging. Thus, the rice breeding
program, particularly for hybrid types, must
focus on reducing plant height while
increasing culm diameter, which is highly
related to culm wall thickness and can improve

lodging resistance and grain yield in rice.
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Table supplement 1 List of 87 F1 hybrid lines and crosses.

No. RGD code IE1 (Female/Male) Female source Male source
1 RGD18015 T6-4 /Surin1 NSTDA" RD?
2 RGD18018 T6-6 /Improved Sinthulette-SalTol NSTDA NSTDA
3 RGD18019 T6-6 /IR42 NSTDA IRRI”
4 RGD18023 T6-6 /RD31 NSTDA RD
5 RGD18024 T6-6 /Phisanulok 2 NSTDA RD
6 RGD18034 T6-6 /RGD15234-47-MS13-MS13 NSTDA NSTDA
7 RGD18035 T6-6 /RGD15234-47-MS13-MS17 NSTDA NSTDA
8 RGD18041 T6-4 /IR1188 NSTDA IRRI
9 RGD18042 T6-4 /IR29 NSTDA IRRI
10  RGD18043 T6-4 /IR58 NSTDA IRRI
11 RGD18044 T6-4 /IR64 NSTDA IRRI
12 RGD18046 T6-4 /Khao Jao Hawm Supanburi NSTDA RD
13  RGD18049 T6-4 /Supan Buri3 NSTDA RD
14 RGD18055 T6-6 /IR49830 NSTDA IRRI
15 RGD18058 T6-6 /IR72 NSTDA IRRI
16 RGD18068 T6-4 /IMNTK75 NSTDA NSTDA
17 RGD18073 T6-6 /IWS10 NSTDA NSTDA
18 RGD181083 18LMP-FS-9 /RD47- improve LMPY NSTDA
19 RGD181147 18LMP-FS-12 /IR62266 LMP IRRI

20 RGD18150 T6-4 /Improved Sinthulette-SalTol NSTDA NSTDA

21 RGD18151 T6-4 /IR53936 NSTDA IRRI

22 RGD18153 T6-6 /IR60 NSTDA IRRI

23 RGD18158 T6-4 /RGD13297-124-8-2-MS3-MS1 NSTDA NSTDA

24  RGD18164 T6-6 /IR53936 NSTDA IRRI

25 RGD18221 T6-4 /RD43 NSTDA RD

26 RGD18229 T6-4 /Supanburi 60 NSTDA RD

27  RGD18231 T6-4 /RD49 NSTDA RD

28 RGD18232 T6-4 /HSC+Bph NSTDA NSTDA

29 RGD18235 T6-6 /Pin Kaset 1 NSTDA KU5/

30 RGD18236 T6-6 /Supanburi 60 NSTDA RD

31 RGD18237 T6-6 /Supanburi 90 NSTDA RD

32 RGD18238 T6-6 /RD49 NSTDA RD

33 RGD18239 T6-6 /HSC+Bph NSTDA NSTDA

34 RGD18244 T6-4 /Pin Kaset 1 NSTDA KU

35 RGD18320 18LMP-FS-2 /Khao Jao Hawm Klongluang 1 LMP RD

36 RGD18345 18LMP-FS-12 /IWS10 LMP NSTDA

37 RGD18364 18LMP-FS-2 /Improved Sinthulette-SalTol LMP NSTDA

38 RGD18367 18LMP-FS-2 /RD31 LMP RD

39 RGD18369 18LMP-FS-2 /Supan Buri3 LMP RD

40 RGD18370 18LMP-FS-2 /Supanburi 90 LMP RD
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Table supplement 1 (continued)

No. RGD code IE1 (Female/Male) Female source Male source
41 RGD18386 18LMP-FS-8 /Khao Jao Hawm Klongluang 1 LMP RD
42  RGD18395 18LMP-FS-1/IR60 LMP IRRI
43 RGD18405 18LMP-FS-3 /IR62266 LMP IRRI
44 RGD18416 T6-4 /18LMP-M-7 NSTDA LMP
45 RGD18417 T6-4 /18LMP-M-8 NSTDA LMP
46 RGD18418 T6-4 /18LMP-M-9 NSTDA LMP
47  RGD18419 T6-4 /18LMP-M-10 NSTDA LMP
48 RGD18423 T6-4 /18LMP-M-14 NSTDA LMP
49 RGD18429 T6-4 /18LMP-M-24 NSTDA LMP
50 RGD18434 T6-6 /18LMP-M-4 NSTDA LMP
51  RGD18436 T6-6 /18LMP-M-6 NSTDA LMP
52 RGD18437 T6-6 /18LMP-M-7 NSTDA LMP
53 RGD18439 T6-6 /18LMP-M-9 NSTDA LMP
54 RGD18450 T6-6 /18LMP-M-24 NSTDA LMP
55 RGD18460 18LMP-FS-1 /18LMP-M-25 LMP LMP
56 RGD18463 18LMP-FS-2 /18LMP-M-8 LMP LMP
57 RGD18464 18LMP-FS-2 /18LMP-M-11 LMP LMP
58 RGD18484 18LMP-FS-12 /18LMP-M-6 LMP LMP
59 RGD18505 T6-4 /18LMP-M-4 NSTDA LMP
60 RGD18511 T6-4 /18LMP-M-30 NSTDA LMP
61 RGD18514 T6-6 /18LMP-M-20 NSTDA LMP
62 RGD18515 T6-6 /18LMP-M-21 NSTDA LMP
63 RGD18517 T6-6 /18LMP-M-29 NSTDA LMP
64 RGD18518 T6-6 /18LMP-M-30 NSTDA LMP
65 RGD18534 18LMP-FS-2 /18LMP-M-9 LMP LMP
66 RGD18536 18LMP-FS-2 /18LMP-M-18 LMP LMP
67 RGD18544 18LMP-FS-2 /18LMP-M-26 LMP LMP
68 RGD18546 18LMP-FS-2 /18LMP-M-29 LMP LMP
69 RGD18555 18LMP-FS-3 /18LMP-M-28 LMP LMP
70 RGD18598 18LMP-FS-1 /MNTK75 LMP NSTDA
71 RGD18603 18LMP-FS-2 /MNTK75 LMP NSTDA
72 RGD18604 18LMP-FS-2 /RD43 LMP RD
73 RGD18617 18LMP-FS-1 /18LMP-M-26 LMP LMP
74 RGD18626 18LMP-FS-3 /18LMP-M-11 LMP LMP
75 RGD18630 18LMP-FS-3 /18LMP-M-19 LMP LMP
76 RGD18650 18LMP-FS-5 /18LMP-M-26 LMP LMP
77  RGD18707 18LMP-FS-4 /18LMP-M-25 LMP LMP
78 RGD18777 18LMP-FS-2 /Supan Buri2 LMP RD
79 RGD18779 18LMP-FS-3 /Hawm Lahn Nah LMP LMP
80 RGD18780 18LMP-FS-3 /IR72 LMP IRRI
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Table supplement 1 (continued)

No. RGD code IE1 (Female/Male) Female source Male source
81 RGD18782 18LMP-FS-3 /No.51-PSL LMP NSTDA
82 RGD18805 18LMP-FS-5 /RD31 LMP RD

83 RGD18817 18LMP-FS-5 /Riceberry LMP KU

84 RGD18822 18LMP-FS-6 /IR72 LMP IRRI

85 RGD18870 18LMP-FS-10 /RD31 LMP RD

86 RGD18887 18LMP-FS-12 /IR58 LMP IRRI

87 RGD18968 18LMP-FS-2 /Pin Kaset 1 LMP KU

NSTDA = The National Science and Technology Development Agency
RD = Rice Department, Ministry of Agriculture and Cooperatives

YIRRI = International Rice Research Institute

“LMP = Rajamangala University of Technology Lanna

KU = Kasetsart University
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Abstract: This study aims to understand the contexts and find out the development guidelines for
value added of Geographical Indication product, Khow Hom Mali Din Phu Kao Fai Buri Ram rice
(GI-KHMLDPKF-BURIRAM) for Ban Sanuan Nok Volcanic Hom Mali Rice Group (BSN-VHMRG), Huai
Rat District, Buri Ram province. The study was conducted in two phases: (a) to understand the contexts
of the GI-KHMLDPKF-BURIRAM production, processing, and marketing of BSN-VHMRG by using the
Rapid Rural Appraisal (RRA) technique from Oct. 2022 to Jan. 2023 and (b) to study the development
guidelines to value added of GI-KHMLDPKF-BURIRAM for BSN-VHMRG by using AIC technique in
Mar. 2023, respectively. It was found that (1) BSN was grown rice only in the rainy season, and there
planted 325 rai of GI-KHMLDPKF-BURIRAM by using the KDML105 and RD15 varieties, with a total
production yield of 146 tons per year. The grain of GI-KHMLDPKF-BURIRAM amount 68% was sold to
private rice mills and agricultural cooperatives in the area, the rest of the yield was sold as milled rice
amount 20%, household consumption 7%, and storage for seed 5%. (2) Development guidelines for
value added of GI-KHMLDPKF-BURIRAM for BSN-VHMRG which can be implemented within one year,
consisting of 2 approaches: (2.1) value added of GI-KHMLDPKF-BURIRAM by the development of rice
farming, processing, packaging, and branding there are two sub-approaches: (a) development of farm
production and (b) development of processing, packaging, and branding, and (2.2) value added of
GI-KHMLDPKF-BURIRAM by rice marketing development there are two sub-approaches: (a) development
of aggressive marketing and (b) development of community marketing. Therefore, driving development
according to the above guidelines is a great challenge that requires cooperation by the community and
related agencies to promote and develop the community economy towards sustainable development

according to the BCG concept and using soft power to drive community-based development.

Keywords: rice farming, rice processing, rice packaging, rice marketing
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Figure 1 Map of study site: (a) Map of Thailand, (b) Map of Buri Ram Province and (c) Map of Huai Rat.
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Figure 2 Agriculture activities: (a) Paddy field, (b) Sericulture, (c) Vegetables and (d) Livestock.
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Table 1 Agriculture activity calendar of Ban Sanuan Nok, Huai Rat district, Buri Ram province.

Activity Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct.  Nov. Dec.
1. Livestock / / 1/ \/ \/ \/ \/ 1/ 1/ \/ \/ \/
2. Paddy v v v v v v v/
3. Sericulture \/ \/ \/ / / / / \/ \/ / \/ \/
4. Vegetables \/ \/ \/ \/ / /
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Figure 3 Production area for Geographical Indicatoion product, Khow Hom Mali Din Phu Kao Fai Buri Ram Rice (GI-KHM-
LDPKF-BURIRAM) of Ban Sanuan Nok Volcanic Hom Mali Rice Group (BSN-VHMRG).
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Table 2 Calendar of GI-KHMLDPKF-BURIRAM, BSN-VHMRG.

Activity Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
1. Farming \/ \/ \/ \/ \/ \/ \/ \/
2. Processing / / \/ \/ / 1/ / \/ \/ / / /
3. Marketing (sale) / / / \/ / / \/ \/ \/ \/ / /
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Figure 4 Marketing channel of GI-KHMLDPKF-BURIRAM, BSN-VHMRG.
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Figure 5 AIC activity: (a) expressing of need, (b) voting of need and (c) ranking of need assessment.
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Figure 6 Overview of value added development guidelines for GI-KHMLDPKF-BURIRAM, BSN-VHMRG.
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Factors Affecting Farmers' Extension Needs in Quality Cassava Stalk Production in
Wang Chaphlu Subdistrict Khanu Woralaksaburi District, Kamphaeng Phet Province
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Abstract: The objectives of this research were to study (1) the basic socio-economic conditions of
farmers, (2) factors affecting farmers' extension needs in quality cassava stalk production and (3)
problems and suggestions for quality cassava stalk production. The population consisted of 325
cassava production farmers in Wang Chaphlu subdistrict, Khanu Woralaksaburi district, Kamphaeng
Phet province, who were registered with the Department of Agricultural Extension for the production
year 2022/2023. The sample size of 180 individuals was determined using Taro Yamane's formula
with an error value of 0.05, employing the simple random sampling method. Data were collected by
conducting interviews. Data were analyzed by descriptive statistics and multiple regression analysis.
The research results revealed that (1) most of the farmers were men and the mean age was 50.06
years, with an average of 2.36 household workers. The net income generated from selling cassavas
was 7,047.22 baht per rai on the average, with the average cost of 3,771.11 baht per rai. (2) factors
affecting farmers' extension needs in quality cassava stalk production included production problem
variables and variables related to support and services. These factors exhibited a positive effect on
dependent variables with a statistical significance level of 0.01. And (3) the overall problem of farmers
was at a high level, especially the production, support and services. Therefore, officials should support

knowledge in about the cassava stalk production and product price guarantee.

Keywords: extension, quality cassava stalk production
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Table 1 General information Socio-Economic background of farmers.

(n=180)
Iltem Frequency Percentage
Gender
Male 114 63.30
Female 66 36.70
Age (years old)
<30 6 3.00
31-40 33 18.00
41-50 59 33.00
51-60 57 32.00
> 61 25 14.00
Max = 73 Min = 21 X = 50.06 S.D. = 11.197
Cassava planting experience (years)
<10 33 18.30
11-20 71 39.40
21-30 46 25.60
31-40 25 13.90
2> 41 5 2.80
Max = 45 Min =3 X =21.88 S.D. = 9.540
Income from cassava cultivation (baht/rai)
<5,000 10 5.60
5,001-6,000 35 19.40
6,001-7,000 39 21.70
7,001-8,000 85 47.20
28,001 11 6.10

Max = 10,000 Min = 3,000 X = 7047.22 S.D. = 1081.455
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Table 1 (Continue)

(n=180)
Item Frequency Percentage

Cost of planting cassava (baht/rai)

<2500 13 7.20

2,501-3,500 57 31.70

3,501-4,500 86 47.80

2 4,501 24 13.30
Max = 6,000 Min = 2,000 X = 3,771.11 S.D. = 770.437
Knowledge training of Quality Cassava Stalk Production (times/year)

Never 67 37.20

1 71 39.40

2 38 21.20

>3 4 2.20

Max =3 Min=1X =0.88S.D.=0.813
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Table 2 Summary of farmers' needs for the extension of quality cassava stalk production.

(n=180)
ltems X S.D. Description
Knowledge 3.79 0.328 High
Extension method 3.33 0.522 Medium
Supporting of production factors 3.60 0.363 High
Average 3.57 0.291 High
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Table 3 Factors Affecting farmers' needs for the extension of quality cassava stalk production.

(n=180)
Variable Coeffi(.:ient t Sig.
regression(b)

X1 = Age (years old) 6.392E-6 0.008 0.994
)(2 = Experience (years) 0.001 1.229 0.221
st Income (baht/rai) 8.116E-7 0.077 0.939
X, = Costs (baht/rai) 1.037E-5 0.698 0.486
X5: Training (times/year) -0.009 -0.782 0.436
X6: Problems for quality cassava stalks production (score) 0.412 11.650 0.000
X_= Problems for support and service (score) 0.374 7.703 0.000

constant 0.775 6.080 0.000

R’ =0.838 F=126.744 sig. of F=0.000
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Table 4 Summary of problems in extension of quality cassava stalk production.

(n=180)
ltems X S.D. Description
Quality Cassava Stalk Production 3.47 0.402 High
Extension method 3.16 0.397 Medium
Supporting of production factors 3.62 0.301 High
Average 3.41 0.338 High
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Table 5 Summary of suggestions in extension of quality cassava stalk production.

(n=180)
ltems X S.D. Description
Quality Cassava Stalk Production 3.59 0.373 High
Extension method 3.41 0.481 Medium
Supporting of production factors 3.87 0.446 High
Average 3.62 0.411 High
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Abstract: This article aims to find value added development guidelines on Mekong River fermented
fish product (MRFFP) of Khok Mad Patthana community enterprise (KMPCE), Chiang Khan district,
Loei province. Phase 1; to understanding the context of community and community enterprise by
applying the Rapid Rural Appraisal (RRA) technique to collect and analyze data from Sep. to Oct. 2022,
and Phase 2; to find the development guidelines for value added on MRFFP of KMPCE by applying
AIC techniques to collect and analyze data in Feb. 2023, it was found that (1) Khok Mad community
has two fishery patterns were natural fishery in the Mekong River and Loei River amount 5 tons per year
and Nile tilapia farming in the Mekong River amount 30 tons per year. KMPCE brings in more than 1
ton per year of Nile tilapia raised and more than 0.5 ton per year for primary processing into fermented
fish. Most of them were sold in the community and nearby areas. and (2) development guidelines for
the added value of MRFFP of KMPCE, there were 2 major approaches: (2.1) value added of fermented
fish through processing and packaging development and (2.2) value added of fermented fish through
marketing development by digital marketing and onshop and events marketing. Therefore, development
implementation according to the 2 major guidelines above waseconomicortant challenge that
requires cooperation with relevant agencies to the economical promotion and development towards

sustainable development by using soft power and community-based development.

Keywords: fermented fish processing, packaging development, digital marketing, on-shop marketing,

event marketing
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a. b.
Figure 1 Study site (Source: modified form Google Earth, 2024): (a) Map of Thailand, (b) Map of Loei province, (c), Map
of Chiang Khan district and (d) Map of Khok Mad community.
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Table 1 (Continue)
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Figure 2 Map of Fiserhry area of Khok Mad community.
Source: Modified form Google Earth (2024)
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Table 2 Fermented fish consumption and marketing channel of Khok Mad Pattana community enterprise (KMPCE).

Fermented fish consumption Fermented fish Marketing channel, sold to

Fermented Fish Total productivity

or sold in thire community

outside community (Kg/year)

(Kglyear) (Kglyear)
(Kg/year) On-line market On-site market
Natural fishs 500 100 100 300
(non farming)
Nile tilapia fish 1,000 200 100 700
(by farming)
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* The processing area was not
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equipment to develop fermented
fish processing into diverse and
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« Lack of standardized packaging,
only plastic bag packaging with a
rubber band and no label

» Few marketing channels, mostly
sold in the community and nearby
community. Only some of the
members were sold by online

« Using raw materials in the
community for fermented
processing (fish from the
Mekong River and Loei River)
and using local wisdom for their
fermented fish processing

* The Community were supported
by the government agency into
an OTOP Nawatwithi tourist
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center on fishery and fermented
fish procession and also close to
the important tourist attractions of
Chiang Khan District
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Figure 3 AIC activities to satiation analysis: (a) clarification of activity, (b) brainstorming of need and (c) Presentation

after brainstorming.
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Figure 4 AIC activity: (a) voting of need, (b) ranking of need assessment and (c) Activity participants.



Agricultural Science and Management J. 8 (3) : 93-108 (2025)

103

2.3 Antiuldlaluntswmun

nsnuludaui IEdlandlddsan
AanssulunissaamnAnay nelalane “fud
Wl lgnnelu 1 3 Tneddmgussasiflenssdiu
ATl I lunsWmsn Tignunsnwamnldase
meluszezingn 1 1 (WAaansnavzanasllszanmy
ﬁ@ﬁmia"lﬂzj@mmnﬂuiﬂié‘luﬁm o (influence
2: 12)) TngldannTnsaniuaAszyl wazNanNTn
Uszidnlunisimun 5 dsvifiu puded 2.2.2 ua
ANNITAUNIAIAAL WLIN

1) Usziduneimun g nnelu 1 1
Al I d s g s A ld a3
melusrazinan 1 T aransawamunld 3 ssii
Taun (1) newamnnisudagy (ezifumnuaiy
AT 2) (2) NMIWRUILTIAUIT (UsziAumAanu
snflusnaud 3) WAZ(3) NITWAMUINITAAIA
(ﬂi:lﬁummu'ﬁ%ﬁuzﬁﬁuﬁ 4) ilesannignuiia
guaudpaundenduingauiisReanedusy
wilsgt uadtlsanfmnarinusnunisudsgdand
Tumgjtiufignansadienenananudauninild
wilsgdifeaineyannld wiemkalmisaeunia
a‘*gmﬁmwuiuﬁlmquﬂizmm Fagunnsenemen
ANFIAZNNIAAAIITARR LN waTHaNITNAL
sulmifndanazFeuduasimunndnioe s
ﬁmmﬁmxmmmmiﬁﬁmuﬁwmuﬁmﬁuLrﬂ?{@u
ldlueunan

2) dssifunnsimunitlaignunsauul g
ety T doutlssiupmnasdlus s | Y
sulszanaydanglnnd uaz(Usviuadnuanidu
fuf 5 eransuteg) Wudlsnfufilianunen
siuneimunelu 1 318 s Aamiague
AravdauLnulasanIsre Al LayuIUlsTaM
ANV Uy MENUNIATY NALENTUY
Tuansusely

2.4 UWUAMSLUNITNRIUN

WFIRNFNNTN ST URANT s SuR
anunsnmnldasanelusrazioan 1 11 faded
2.3 ufari anTndanunaguau aslasoniu
fmLLmuLLquNmiﬁmmmmé’ﬂm@ﬂ"]Lﬁ'uﬂm%’w

w129 (NgRaUANITIAFIaIIATaN99ANIS
W lilgewan (control: C)) Teiluuanieng
WA 2 WWINeuan (Figure 5) Aail

1) n1gaieyaAialandy faenas
wlsgtdanfuasWmuiussqinial aannas
Aprrzdponuduld s lunswmuinainisn
W lasanngluszazioan 1 1 mude 2.3 10
NTINIINIVUALUININNITRNUINTAT AT
WndanFusdtn e Tnsnindssidu 2 T s laun

o/ [~3 L o o/ dl

nswmuInsuleal (Ussisuaanuaduadun
2) UWATNIIWRAWILTIRAMT (Usziiumanuandu
aeuf 3) Mysaunnisiiuiuanielunisimunil
Tnefdngiszasminanisulsgdlanfliiiaan
UAINNANLUBIH ARSI WENUILT99s W LI
ANNHNAIENIN TUANE 42AINTUNITIUES WAL
nezfuganainglinuianuiaguau taud
wuaneges lunnsaiiunig fail

n) NI UINITHARLATNNTWL 931
Udan¥ FauiaguauanNIARMUIENITHAR
Ua S TUAULLLNTINATAAN N1TRAREa LY
TAnmsguuazdalaliihlanfinnudegl e

3 . o -
dunisafeguansuzna lun1snanuazulegy
danFuazialnauinisinaesduslna ann@nag
= ¥ o a v dld
LR N P T T T L R A MR AT T M bkl
VU qrANERLrIe9NNINARLaE NmsguLanin
NTZUIUNNTNAR waztnTun1gdand s uay
o Sldl Yo o a v
WAnualdsulsu g lunsyuaunsuanilanin
waznisutlagy ialdilaninaesiauiaguaull

D . Y - .

AN LuneNFuedLsina sall

1) NTWIMUILTIA U TuiTaqiu
Famiaguauiinisnanlanfrdusiu uazdalals
3 v r_': o 1 o ] =
Wdarsniudesgihineanving n1sanuied 2
dszinnaa (1) ussqanrdanansi ldgananasin
Wningedemiiens Mliuandueis lkazenn
Tdmazanu drdnissudenuulouvzanszunngs
ussqlanirazuanladne geldanuisaiunau
165 (2) ussqUanFrsaldnedauarinadudin
Taddranla d9ladiiunnegagnAnsausiadelad
dayasaazidaaninaadasiunandued aundn



104

ANFANFASINHATUASZNITAANIS 8 (3) : 93-108 (2568)

FANMNATNTURIH AL INABINIWE UL T

uazaa N Wianeex haula waziilunananunings
% d‘ % U AI U v 1 %
anAn ialdunfsaieyaAinLitanFusitinla
uazainangstiulunisainemald Wuniidanvia
fusial]
nMsRdaNuiagNIuAnALiung
Waun1suan n1sutlsgy uazusaqsiuel nauflu
Lmewuwmmimwmmqum@mmmqma
LNEBT (ﬁcyzgm WAL 8IF, 2565) mmammumi
o 1 dﬂl val o a d a Adal dl
sanaailaddnagnisaniiunislunaiaivui
L3UNBIAUANFAINAINIATANATNTUANNIAWENUN
217 a1 wazane (2564)laAnEILLINe TN
afeyaANRART gl anfreang i uries
WETNUUOINIIAINTAANALAT WG NNFATIN
yarinlarFrsauuuasnsilaleg (n) nsvin
wlanFilgesagrsuesng uay (2)aeuleanis
I dl ¥ %
ViaungnresguIusauuuesng tnaldlaniuiu
o o = v o o o
wrasdalunisduindey Al nastidaniang
S . Y o
Wingarn audunisudsgidanitannguauiine
afyarisiiuilanidgaragasvuesing dq
AN TASLATHANTR AT USITHNIAUBE TN TL
N N ARSI TIUAUATDIFULIUATANNNID

sz loauivislunsaFaunazanvuneduse e

dndvsuauluguay Flariu NINIRIANAGHTUA
nanamu ARl ssdusenanail wenan
Wawanauan nsudestl wazuseqsinit uaqena
mmummamimmawmmmmmmmu VW N9
yiaafitnressnedeepn meﬂumwumq
nananmAuAKaRT a1 nusith leeses
FRWNAYUTUANNIANN U AQE
mﬁlﬁqﬁﬁmmﬁﬁmﬁmﬁlﬂm%”mmm
Lﬂumnﬁﬂmﬁ%mmuﬁﬂLﬂudfawﬁﬁﬁﬂmﬂ
IumiﬁmmLﬁam%qzﬁmmlﬁmﬂm%Lm'ﬂf’wim
VBTG NUNATHTUANNIANN U feanuniday
2199 AUAD9 (2561) TaWmWIaIAANFEMTUNNT
ﬂ%’mg@ﬁmﬁmﬁmﬁmm’tﬁ@Lﬁ'm%mwmmm
mqmumiﬁmmﬁﬂ?xﬂ@umwﬁqﬁmwﬁq

ARSI (OTOP) Twdandninastjs Uszanumadiss
ANNTAIATIN ULATANNTAIAT WULN HARSDUI

mui‘wmLﬂum@mmmmﬂmmnmﬂmmﬂu
Viogin mmu‘wmﬂﬂfaﬁ mmﬂﬁﬂmmmmmm
Foaande Winme ANAAA9AITA LUIAAT
WANAI9ANNHART U ULLLAN WanIUiaann
mé“wmni‘ﬁLﬂuf'fmqﬁuﬁ”ugmmmmamﬁmm’ u
TNTY ﬁvqﬁr?’fmmﬁaﬂqmiﬁmmammmLﬂT’]m
aduauu VLﬁJdW@”Lﬂuﬂﬁ?LﬁINNZ\Iﬁﬁmﬂdmamﬁmeﬁ
iﬂLmum@mmm LW@m"Lﬂmmmmmﬁu@nmmuim
Fari mmmqmmﬂi ¥naun1Td 1T bl
WAUNKNARA DT (OTOP) A (1) NITWRIUN
NARAUN L ANNARAFI9ATIA (1) nmﬁw@m
Faenn3aSauLIuLa s Baaian (A) N1TAARNY
zmmmemmmmmmummuhu uaz(2) N1
qummmummwﬁ@ﬂmm Fathu i ie
ZQT’N?;IJ@F]’]LWN‘]J@’]TWLLNH']TN URRANUNAYHTUA
nuneaAnTugsluasiTuumSeudlvel
PRIIRUNATHTUANNIAN L

u@ﬂmﬂﬁ 29179900 WAZATUE (2565) 160
mmmlﬁlmf‘T‘um?ﬁwmmmﬁmmﬁ@%ﬁﬂﬁw
Sunansiueilanin 5 U nsidaunAaguTunIg
utlsgtluaznisauaneimistinuisaisnsnd ann
ati il {IUIAaNLE 91 (N) U99arinuaiAasiAgNN
dIauazazanlunsussqilanin ussasiueiFed
pnauazgLluLLfiansnauazisgaauaula o
ANudanss Unilesduanlapseudnanisamiiu
UAZNNTIUAS AN TONBTRNAR WA T le J
AnEuazATAaNAeLe 1w N1sEedia viiens
Wasutlsznnu Lmzﬁﬁwqummﬁmeﬁﬁmmmm
WAY (1) NTRBNLULLATHRNUILIIIDUTIIAR A
nddmsuNARAUIans 5 Su T 3 duuuy laun
LLuuﬂ@mwmamﬂ Lmummammﬁmmmulm
uazuuTaAsesuFen Faiu MINIRWNAYH
TUANNIANNUNAN AW U U TaRamndd
Sunanineilandy 5 AU Aanans anafeeiinng
Anmvnanudnlaluseazidundasinisiay
MATARINANNARN1TATHLNNT

2) mm%’waﬂ@ﬁ%ﬁmﬂm%’ﬁ AEINIT
WaUIN13RANA annisaaziaamiull e T
AN TANs oA ldasan ey sreviaan



Agricultural Science and Management J. 8 (3) : 93-108 (2025)

105

1 Apnuda 2.3 BhundanisrmuALLINIanIs
W%Jmmmi”wsg‘@mLﬁuﬂ@ﬁ%mﬁﬂw e
Uszidu 1 14 5 A8 MIRRLINIIRANA (UIsihu
AR LA ST 4)  1NTlulUININI IR
i Imﬁﬁfffmqﬂim\imiﬁ@ﬁwmmﬁwmhﬁﬂm%ﬁ
LLﬂﬁﬁTmQ%mmmluqmu WAZARIAUBNTNTY
YeNAN AT TNt AN INANARATTA
LL@:m’;‘ﬂizmﬁuﬁuﬂﬁﬂuﬁﬁnmnﬁuﬁw Tneid
wangeslunnamifiunng fai

n) NIIWRUINITAANARAYA (digital
marketing) tfaquiudanfruanunn delaifluy
AN nnssmhedaulundesming
WNTIUTNTY UATAMNEASITNGNAT UNAIU
amdnan1seeuladdiusaresdaundn 3auna
guauAiacuFeeniafindamianisaiuiing
Weliaviagquauaansnidnangugnanld
WAnTu nslsranduiufiite iudeanianis
smingazifluninifingeasivineuazifinseld
TiurRauiagumu

9) NITWABINITARIANUIFIULAY
LI (on-shop and event marketing) 8118
Feaapiu iflusnevieafiasuianilanes
f%”\iw’fmaﬂﬁﬁq@mﬁnvimL‘ﬁmﬁﬁmumn uaTH
Sawiaguau Fuf SusuunRisuiedud
Phinvieadien ieilunisdssanduiuguandnet
ﬂm%’wLLﬂiﬂTmQIﬁLﬂuﬁiuﬂﬂ%w,muﬁluiﬂmzﬂu
N394 A9sesnTWAILINNIAaIATNLLAN
Lazde AU LAN s e @ean Taenis
INAUAIRIIUNY UATHNII8ONYBUARASAWANAL
WUAENNUAN 7] 11U FUNUAR LN NTUENS
Teaanu dningunemnsenedssaiu maAna
AUFAN 7] VRIBUNBUATAINGA

AnsUlsvanduiug nsfindednianis
naA lugluLLRATIARAYA (digital marketing) waY
nsaLNsaaAneLanuasdsluguuuFuen
LATARNGY (on-shop and event) fawuiuanig
uﬁwmmm%”mﬂ@ﬁ'n,‘ﬁ'm@mammqmamwm
(f0yqAN WAZEIA, 2565) £99NN179189UTB
gaunn uazisnigyad (2561) laANEILLINIG

N1IRAUNTRININNITAATIALBIHARS T NA D
Fuauntn Sasatnai deanansohundly
UNTUUNTBUUININIIHAUINITARIALD
FanunaguauANNIAREWI L Wudn nnsawA
TRININITAAIAGIVILHAAS UFTINABMITULIUN
dsenausan 5 nagms leun (n) neaieuirinug
(1) NTaFIINTNIIUINLAZAIUN WA UL Y
(A) NIFAFNNUSRATTIBNTZANLAUAN (9) NT
g dudeaawlay uas (A) nnsdeans
WLTUA WATNIIVENEFINA wananil nust uaz
Aty (2566) faldmasuluniuasiaaaiann
NsfANHILLANIINNIE AT NTIN9NsRAN AR
aF19499ATBINQNIAMAAFILANIZUAN 81LND
1Wee AandnlseaquATiug 91 audesnienig
parmciueeulay] Arsfinislipnadifeatunis
45149 Facebook Page fnnsanauaulunisings’
HAuAD Facebook Page atinadsnENe waznns
N NARTUTITNTUN UUNAFINBTHFN 7 UAT
nanneenlall Aasiinisdauans@ud Weilunis
Tnwnndssrnduiusnaniugiaasiaunagueu
wazposatiuayuliinsdfanusaLanaduA
A OTOP Tuiluiising 1 et LRVREN Y
TUANNIARAIUN ARNNITFTENATNNTANATY
YAaNslunIIRELILAZ AT A18N1TAATA
wWunsienie @u mm‘?ﬂmqmmmﬁﬁﬁuﬁm
prunisldinatulagnara sduyaainslunig
TULAROUAIUNS AR ARATALAZ AR AR ALY
s %'aﬂa?uﬁuqﬂmm’lumﬁuLﬂﬁlﬂuﬁmm?
RLNNIAANAT USRS LA AL (2567, 2563)
1&na197 nsdenlaanuasnsanageaiunis
nanmde luiusAauazunu i finilereain
ANATUNINBAT

NIRAUIAAIARAE SOft power YTANAT
azyuvzaaIuIaazyy unsieng iy,
Smnunsn uaziendnenfeiestunlueseddle
deRgaAnuanlaangndn uazpranIeuen
Wi dnAuguay uazdanfuiilaresdavia
TUTUANNIANWENE 24 Nye (2017) lAsneanudn
soft power Ag AINANNNTDIUNIIANRA THNTNY



106

ANFANFASINHATUASZNITAANIS 8 (3) : 93-108 (2568)

a Ddl 1= o o 16) 2aal
woinssnteeEou Ine liinsieA wsildasnnsue
UNFIRUATIN LTHAF A TeN a5eueeqela uay

[y A . A g va P
aFansRgauIaN Wwene Winan1aas Ll ainig
AUAYINAR vizann AnssuAYNTaL IiuNNawla
Tugshianvnaguauine

ANHANITANEN LA WUINIAN1IRENLN 2
) Ng@inayaAINL a1l
{29 a2 (2) NITRALINITAAIALANF NN T4
winlsdn anunsndaalinawiaguauasneyae

W leuA (1

dntaniuithlae wardseldifinuiniy
40AARDITLILLININNTTULARDUANANNSINERAS
Anel BCG lunsimuAsgiauLuadAsan @
AvimwATEHENA 3 JR lndonriu liud iAsegia
F9nn (bio economy) 9 vummmnmmw
mmumﬂmmwmmmmwLWfamNmmmu
Tnendfunisvmudunandeiyariga daales
iU i EgRAnyWRa (circular economy) AT

nstidansine ) naunn dlselamiiunnign uas

=

¥ia 2 Lﬂ?iﬂgﬁ@ﬁ agjneliiAsgiadiaen (green
economy) 4 LﬂumiﬁmmLﬂiﬁgﬁ@ﬁiﬂﬁgmﬁu
Lﬁmmiﬁmmmmgﬁ@wh&u WARABIRRUIAILIA
l1funn R dsrnuaznis NI Ao adayld
ataangalifnAuiunazdeiulndeniu
(A uRmuIAnaAtansaznalulatiLig
A6 (AIN°G.), 2563)

fmnLmeqmmmmmmuﬂmm
meimwmqmunwmu ¥ 2 wamnatnasu
Taminauelunnge miﬂ@vmmmmummmmm
snaFaeru i 10 AANAN 2565 &a7i
ﬂixqmuummumﬂﬂumnmim 2 wuannalvieg
TunnwdJuRauiazununisldanseudsrunn
Tasannrda@sunninems Useanteudszano w.A.
2566/2567 Failugauuiissasnisyennnmenisld
TUNNAINFINTDNIITINTIZNIN NINGUATN
NNTINEAT LATNUNINENA YR

Potential, constraint and proud

Petential

® lzkong Ruer eng LosiRver as tne fisney aress for raw matensks far fermanted fisn

ffish fram the Mekong River and Losi Rier) had the quantly snd qualiy for

® Haiing looal sxpars and oslwisdam regarding fishanes and fish procassing

Constraint

Proud

® Using raw materials in the community farfermantsd o

Ruerand LoziRvenang

® Tha Commun
touristvilags, s communily leaming senteron fishay and femenizd fish prosessionand

chse fo the impartant tounist stiractions of Chiang Khan District

Ranking of need Development Develocpment
possibilities guidelines
-
Budgeting/materials
Value added of

or equipment

supplementation

-
Processing

development

Processing
development RIS,

Packaging
development

Marketing

development

IR

Processing building

development

farmented fish
through processing

and packaging

-’ development

Value added of

fermented fish
through marksting

development by
digital marketing and
onshop and events

marketing

Figure 5 Value added development guidelines on Mekong River fermented fish product of KMPCE.
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Selenium Compound on Germination and Phytochemical in Kangkong Seedling
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Abstract: Selenium is an essential mineral for human health. There is an antioxidant capacity to promote
the immune system, reduce the risk of disease, and prevent heart disease and stroke. Therefore, the
objective was to study the type and concentration of selenium on germination, growth, phytochemicals,
and selenium accumulation in kangkong seedlings. The experiment was a completely randomized
design in a 2x5 factorial in CRD, consisting of 2 factors, 4 replicates, with factor 1 (Se) being the type
of selenium, sodium selenite, and sodium selenate, factor 2 (C) was the selenium concentration at 0,
5,10, 15, and 30 mg/L. Data on germination, growth, phytochemicals, and selenium accumulation in
kangkong seedlings were recorded. The results of the experiment found that application of sodium
selenite at a concentration of 10 mg/L resulted in an increase in germination index, dry weight, and
pigment content higher than the control. Meanwhile, a sodium selenate concentration of 15-30 mg/L
had a negative effect on germination index and growth. But there was also an increase in antioxidant

capacity, phenolic compounds, and selenium accumulation compared to the control.

Keywords: sodium selenite, sodium selenite, antioxidant, phenolic compound, selenium accumulation
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W = tweinsnasinsiia (n3)

8. WdayadiAsizinieanilneld
Tdsunsu R (R-language and environment for
statistical computing and graphics) version 3.4.1
waralATzviANLLssau (Analysis of Variance:
ANOVA) wEaua BauTeuAINuAN AT
e TneA3 Duncan’s Multiple Range Test
(DMRT) ﬁi:ﬁuﬁﬂdﬁﬁm 0.05

o
NANITNARDILAEIANTU
= aa a a
annsAnenaresTaienlugUnme s
aa & = aa dl k7 v '
T8 lwiuaslnnasdaunnaNidudusing 7 e
NsuwtiNAnfeATINIIIeN N19BNNIATTIU N9

a a a aa a

WatyiAule ansngneAlilaznsazaNTaLlay
U U o v a 1 = aa a 1
BEIAUNANENTIAN WUdNTHATa9T AN Ll
AINARAATRANINIEN WARNNARBAIINIAN Tagl
mﬂﬁ’IGnLmﬂmaiumumammwmaﬂmmmu
mnmﬂmmmmLummlumammuumuwn
mei\izgmmﬂ (Table 1) mmxmwmsm’]mmmu

£ aa a 1 sl dl v %
dU9TALHYN WL NF DA NNANN N
30 NARNSHABANT AINAlTATHNNT9DNWAYANT
& o v a A o A A o
san1eaNAnlN R uiLWg IdnanasLia Uiy
AAILAN wazilaianInunUfdniusszudne e

v v aa a :j/ -ﬂl £ U
WATANIINTULITALHENTI 2 JUNAINTY
AN 5-15 NAANTNFADARNT ATHAINIANLATAIH



113

Agricultural Science and Management J. 8 (3) : 109-120 (2025)

AN IHUANFA1NNADTA wen19 W AENT LA
AMNLENTY 30 RaansuFeans danaldnarinng
JANUAZNNNIBNTBUNAANN]sAUARAILHBTEY
AUEANNINARBIDU
yanatniilenans i nindnnay
% o v 1 sl 2// a 1
Hminuia wudn nslidadianyisaasaia lling
sevmiinanuaziinuiaeafunandnan
WAANNE NI UIBITALTENT 5-15 HARNTNFADART
Auasu N4z a NN AALAZUN TN LI
YAIFUNRNANTU wazanadia lgFudaiaun

30 Na@nfusedns nzAiaIsdaLfanRus

sendrilanarANduduresdiaian nudn
nslilmaendawe luynaauidudy Tl
ma”@umnmw‘ismmmaium uazns it
¥ia 2 10l wmmmmu 10-15 mmmmmm AR
tmmmnﬂumuuﬂmLmvmwummq usTiA9
i 30 TaAnFusedns 3aTleua 2 e dana
TN anuaz I LEIeAa9 (Table 2) i
#anAaRnL Khaliq et al. (2015) $1897U431N1T

VilnAeNTa s 15-90 lulnsiuasedns Iualy

FRIINITIBNLAZAITNENIUBIAUN AT
wnueaNdnduge 105 Tulnsluasiedns g
AN NIRIAUNALAZAINNENILBIFUNAN

A o~ o , a o P
@@f‘]\uﬁ\l'ﬂl’mﬂuﬂuﬁmﬁquﬂﬂ LﬁuLWHQﬂUﬂqi‘Iﬂ

Fawm 180 Naansumedans Tun1sudiuaniug
Iiinnsengesdadnnasiie fiaufuam
g (M397904 WATADLY 2565) FAND4
Lapaz et al. (2019) WU AL R AT
AN Y 0.1-400 Raansuseans lulnase
ANIBNUAZAINEY w1 TR N TR AT
ANENTY 800 NadnFusedns Nualdniseen
wazANgEaNanas s s ldE ey
dudusdaaiunisinauaeseulsdesluiag
winaadudugeiignidudaeladaslues
A linszuaunistesdanausinasasdana

TdnnssanaesmdauaziasoAunusunaanas
994D El Mehdawi et al. (2011) 3718911019197
aa - aa dl v o .
FATUALALTALUAN AN NI NI UNINNGT 10
NaaNTuAeans gugIN199anuad Arabidopsis
X = = o o v v

thaliana 249 50 % WATHHA LHUNMINIRIAUNAN
ARRY LTULAENAY Lei et al. (2018) $18971910N3
WraaNNANdNdy 50 Tulasinasedns §
NAlFHNMINLFIIe9iNNIANENAARY WA L
Ao dl v 9 P a
FAaANANNLUTY 2 Tulasluaredans way
valumw 4 ”Luim‘tmmmm NG PG VP
uenanRNTY 143.22% WAZ 166. 98%,
ANNATFL (Li et al., 2022)

A a Pyspp ' .

Weanansanis @ lanmaliunn
29ATRNUATATTNENELANTIRIAUNANENY Wudn
mslidataua 2 31l lilnasiaiBununaalsiad
Hanum widuasalTuunalsNues s wazans

= EX% = ala | =Y
wonadl Tnantslilainaudaludiysuamn
AaalsNaananNANIANIINI LG A N AL
winansnanseiudnluanssiueyyadase uas
A a v Ao A \ ”
WHANANTUN AN NTUIeIT AN WU9N g A
Aa = A a o i a =~ v A
FAUNN 5-10 NAANTNADARNT HualilTunnl
ARDIINARTIUNANINNGNTN 15-30 NAaANSTNAD
ARNT WAZLHARANTUN AN ANAUTIENINSTRABAY

v v U al aa rdl v v
AN WUIN ToAeNER lFAAN NI TN
5-10 NAANSUARANT HAADIINARNINNANINNGN
TANIINAADIDY UaviHaNaITUILATINUDE 6
wudnislilaneNda lufdenamalsunn
a s 1 = aal

wnlsnueadgandinslilugdlnfen@auen A
v v aal oo & ¥ a -
WnduTaRs NN TRdses T oA lsnuess
anad (Table 3) TadanARRIALNNT A lGL AN
aa o‘:ll o 1 & 1 v oA
FaluAN 50 nfuSesaanmg danalilsuno
AaalINaa U1 NIY waznislddaLtaun
ANLENTUAINGT 100 HaAnfuFegnUIATNRAS
FYAILATNUTNDY
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Table 1 Seed soaking with selenium on germination of Kangkong.

Germination Index (Gl) %Germination (Frist count) %Germination (Final count)
Se (mg/L) ] ] ]
©) Selenium (Se) Selenium (Se) Selenium (Se)
NaSeO NaSeO Ave.(C) NaSeO NaSeO Ave.(C) NaSeO NaSeO Ave.(C)
2 3 2 4 2 3 2 4 2 3 2 4
0 7517 751%°  751A 41.33° 4133 41.33A  84.66™ 84.66™  84.66
5 731 750 741A 40.00"°  37.66™ 38.83AB  86.00° 84.00°  85.00
10 8.17° 727 772A 4100 3866 39.83AB  90.00°  84.00°  87.00
15 7.78% 6.93¢  735A 39.66®  38.00° 38.83AB  86.00° 84.00°  85.00
30 6.49% 6.15° 6.32B 39.66°  3533° 37.50B  86.00"  81.33° 83.66
Ave. (Se) 7.45 7.07 40.337  38.20Y 86.53Z 83.60Y
F-test (Se) ns * *
F-test (C) * * ns
F-test (Se x C) * * *
CV (%) 7.67 4.43 4.46

Different letters indicate statistically significant differences among treatments according to Duncan’s Multiple Range
Test (DMRT) (P<0.05)

Table 2 Seed soaking with selenium on fresh weight and dry weight of Kangkong seedlings.

Fresh weight (g/plant) Dry weight (mg/plant)
Se (mg/L) ) .
©) Selenium (Se) Selenium (Se)
Na SeO Na SeO Ave. (C) Na SeO Na SeO Ave. (C)
2 3 2 4 2 3 2 4
0 4,54 4.54" 454 B 0.31" 0.31% 0.31CD
5 4.67 4.92%° 4.80 AB 0.32" 0.31% 0.32 BC
10 4.96% 5.16° 5.06 A 0.35° 0.34% 0.34 A
15 4.97% 5.18° 5.08 A 0.33% 0.33% 0.33 AB
30 4.43° 4.72%° 4.58B 0.29° 0.29° 0.29D
Ave. (Se) 472 4.92 0.32 0.32
F-test (Se) ns ns
F-test (C) * *
F-test (Se x C) * *
CV (%) 5.29 4.99

Different letters indicate statistically significant differences among treatments according to Duncan’s Multiple Range
Test (DMRT) (P<0.05)
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Table 3 Seed soaking with selenium on pigments content of Kangkong seedlings.

Total chlorophyll (mg/g FW) Carotenoid (mg/10g FW)
Se (mg/L)
©) Selenium (Se) Selenium (Se)
NaZSeO3 NaQSeO4 Ave. (C) Na28e03 Na28604 Ave. (C)
0 0.29° 0.29° 0.29D 0.53 0.53 0.53
5 0.55° 0.29° 0428 0.56 0.50 0.53
10 0.61° 0.49° 0.55 A 0.54 0.52 0.53
15 0.33% 0.36° 0.35C 0.53 0.52 0.52
30 0.31% 0.33% 0.32CD 0.52 0.51 0.52
Ave. (Se) 0427 0.35Y 0.54 0.52
F-test (Se) * ns
F-test (C) * ns
F-test (Se x C) * ns
CV (%) 8.31 7.31

Different letters indicate statistically significant differences among treatments according to Duncan’s Multiple Range
Test (DMRT) (P<0.05)

Table 4 Seed soaking with selenium on phytochemicals of Kangkong seedlings.

Phenolic compound (mg GAE/gFW) Vitamin C (mg/gFW)
Se (mg/L)
©) Selenium (Se) Selenium (Se)
NaZSeO3 NaQSeO4 Ave. (C) NaZSeO3 NaZSeO4 Ave. (C)
0 0.14° 0.14° 0.14C 0.54° 0.54° 0.54B
5 0.09¢ 0.15° 0.12C 0.54° 0.43° 0.49C
10 0.14° 0.18% 0.16 B 0.54° 0.40° 047 C
15 0.16° 0.19° 0.17B 0.55° 0.40° 0.47C
30 0.19° 0.20° 0.19 A 0.66 0.52° 0.59 A
Ave. (Se) 0.14Y 0.16 Z 0.56 Z 0.44 Y
F-test (Se) * *
F-test (C) * *
F-test (Se x C) * *
CV (%) 6.44 19.79

Different letters indicate statistically significant differences among treatments according to Duncan’s Multiple Range
Test (DMRT) (P<0.05)

Aaalsilaavesiadun (Hegedlisova ayyadaselugas dudsunisineuseaaulsd
et al., 2012; Zhang et al., 2014) Lia9ann ﬂmﬁummLﬁ?‘ﬂmmﬂﬂﬁﬁ?m@@ﬂ%mﬁu AN

FadlanpNdNduatqadesiuiaingn1nnam 15untunaalsiag (Silva et al., 2018)
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A3l R eNTA luwaz lmae NEaLm i
1 @ 1 =
NNTWiNAANNAsaUTNIaTUsnaLWLes LAy
a a a Ql d?/ v ¥ o v dl v v
AnRuTNTuludundidnge Inenaanudndu
aa a an dgl = v =
Pa9TAHLNINNTUR LA T FNNuaNsUsEne LA Uea
497U HaRa s A NdNTusITnIT ianay
% U aa a 1 a aal
AN NI UUBITALHEN WUINNNT M LEL A NT AR
Huasefunaianslszneuiueagendinis gl
TmAenda lusaenaliadn Aty waznislddadlaum
AHLTHNTU 10-30 NAaANTNARARNT d96ia LARWNAN
NfTundnstszneuilueaiinaulaa L Lga
PILAN (Table 4) aanAARNTL Rios et al. (2008)
oA Al ~ Y o o & '
N9 TR NI NN AN NTUNNTL A9afaLFHN

anstlsznauuas luNmANTY iasanaaitiand
doutaeluniaiiuFuan Aoy AR ATE 11U
a & = ) v
walsnuesslazanslsznatues uazdnalinig
F9AZ g NNIYN (Chauhan et al., 2017)
= = aa o \ a a
wnueiins WilanenTa udinaseFuinamndu
= ' a aa Il A o o o
fg9nd1n1s W lugUlamasdaiunedaiud Aty
TeuAnFASAL Deng et al. (2019) WLANN1INU
TnAndawATnasaFN A HuT lugnunsgs
! A A - A A a =
na AN ER sl HasaniaiinauATaAAN
Ufnseneantindi Aansziunisdans sl
walsTiuoas waz Wanlousas Nandnaysadas:
(Xie et al., 2019)

Table 5 Seed soaking with selenium on radical scavenging and selenium accumulation of Kangkong seedlings.

Radical scavenging (%)

Total Selenium (ug/gbDW)

Se (mg/L)
©) Selenium (Se) Selenium (Se)
NaZSeO3 Na2SeO4 Ave. (C) NazSeO3 NazSeO4 Ave. (C)
0 20.91% 20.91% 20.91C 2.06° 2.06° 2.06 D
5 19.09% 16.18° 17.63C 2,551 5.05° 3.80C
10 25.19¢ 35.98° 30.59 B 2.88% 5.76° 4.32 BC
15 37.13° 46.94° 42.04 A 3.45% 5.93° 4.69B
30 30.46° 55.87° 4767 A 4.05° 9.37° 6.71A
Ave. (Se) 27.12Y 38.74 7 284Y 6.537
F-test (Se) * *
F-test (C) * *
F-test (Se x C) * *
CV (%) 13.99 9.55

Different letters indicate statistically significant differences among treatments according to Duncan’s Multiple Range

Test (DMRT) (P<0.05)

dl a a aa &

Wanansuareslanenda luduay
TR NTALAADTHI A IFURYYABATY UAY
nsavaNTataNtesunaANean wudn ngli
Tnnendaundena 1 Funuanssinueyyadasegs
nansWilnpenEa lwsl uaznsliEatiaunacs
\indu 10-30 Haaniusieans danalitFuiuans

¥

FuayyaBAszIaIAunA N LW TTNANAY 1Wa

Nansanlfdunudsendneriiauazannuiduduaes
PP | A aAa =
nsldmadian wudn nslFlaRsNTAURNAN
gy 10-30 Naansuseans NuasetTunouans
FuauyaBasEgIng N3 i lnAeNa s (Table 5)
#BAARDATL Rios et al. (2008) N3 WA LmLALINTA b4sT

a aa ~ v o
waslmpendannaNdndy 5-120 luinsluag
Aeans danafatFuInansAueylataselulin
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navaNINIWHasLALTAALAN Rt
w £ v
NaNT uazAne (2563) NslidanANdNdY
N1NN91 10 Aaanfusedans lunisdgndnnin
daasszuulalnsinfinddenalinnaasoyiuin
wazsunoinaalsiasanad LAdINa WLTNN1es
anslsznauiueauaraIiUaYNABATT NN
TurnueNAa s NaTe9n9 @A LT
1 = aa = 1 aa A
wug1 sl lmReNER AR NARBN IR AN TR
' = aNal o= \
1NN AT R INTA 6T 09 2.30 WiN WAZAIH
W ua9dALHeANTIN 5-30 RAaANSUADARNT
= Iy o PP o £
Fuualduldnsacandailoindu 1.84-3.26
winlaauiugariuaN (Table 5) Wafiansan
Upduiusszndnariiauazanuiduduaaniasl
aa a 1 = aa
Faon wudr nslilaResdaunlunnasiy
Yy v a aa a v Y o v U
Wnduiinsarandatianlusundindauinngd
THAeNTR AN N 5-30 NARNTUFADARS
71491.98-2.31 Wi1 4aAARRSTL Szarka et al. (2020)
189U TALLA 1 NAANSHAaNlansy daua
AanTazaNTaLdaniaua lunniiuanuuinnan
s W lugdaatusia 7 wih dwdeniunisidae
naluludiolnisazandaionludaninnga
Faluslidu 2 Wi (Deng et al., 2017) ANKUANTT
NAADILAAITIT TRARAZAINE NI UURITALTINT
TFRa8nN1IuTINAANNARBNTAZANTALN WAY
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AMTNT U AR AT NN anuazNTaTLALTA
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FUIIARAY WALTNIIANINNEARLATNNAT AN
Aol o o &
TATNANTL

Gh
ToiAenTa lusfanududy 10 Daansy
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sasdunddnismuiugoenld o ngedu Az

=
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Abstract: The objectives of this research were to study 1) farmers’ general characteristics, 2) perception
of rice stubble and straw burning impact among farmers, 3) knowledge and practices for rice stubble
and straw management, and 4) issues with handling rice stubble and straw. The sample consisted of
375 rice farmers in Tha Tako district, Nakhon Sawan province. The obtained data were collected by
interview form and analyzed by descriptive statistics. Hypotheses were tested by t-test and one — way
ANOVA. The finding revealed farmers were female (62.40%), with an average age of 52.95 years old
and most had graduated from elementary school (63.70%), with an average experience of 24.57 years.
Most farmers received information from community leaders (87.00%). Overall, farmers’ perceptions of
the impacts of rice straw and stubble burning were moderate. The majority of farmers had a high level
of knowledge about rice straw and stubble management. (80.00%). Regarding rice straw and stubble
management practices, straw and rice stubble incorporation was the most common method (30.30%).
The problem of management had lacked of support from the government. The hypothesis test results
indicated that farmers' age, education level, and experience significantly influenced their perception of

the impacts of rice straw and stubble burning at a significance level of 0.05

Keywords: perception, impact, rice stubble and rice straw burning
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Table 1 Farmers’ perception of the impacts of rice stubble and straw burning.

(n=375)
Perception of the impacts of rice stubble X S.D. level
and rice straw burning

Impact on soil resources
1. The effects of burning rice stubble and rice straw that make the 1.29 0.628 medium
soil degrade
2. The effects of burning rice stubble and rice straw on soil organic 1.18 0.611 medium
matter and nutrients.
3. The effects of burning rice stubble and rice straw on soil 1.04 0.683 medium
microorganisms and insect pests.
4. The effects of burning rice stubble and rice straw that lead to 1.04 0.685 medium
decreased soil water retention.
5. The effects of burning rice stubble and rice straw that lead to 1.06 0.668 medium
water loss in the soil?

X =112 medium
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Table 1 (Continue)

(n=375)
Perception of the impacts of rice stubble X S.D. level
and rice straw burning

Impact on air quality
1. The effects of burning rice stubble and rice straw on carbon 1.01 0.668 medium
dioxide emissions.
2. The effects of burning rice stubble and rice straw on nitrogen 0.77 0.676 medium
dioxide emission.
3. The effects of burning rice stubble and rice straw on sulfur 0.66 0.727 low
dioxide emission.
4. The effects of burning rice stubble and rice straw on particulate 1.13 0.832 medium
matter 2.5 emission.
5. The effects of burning rice stubble and rice straw on ozone 0.87 0.844 medium
formation.

X =088 medium
Impact on health
1. The effects of burning rice stubble and rice straw on eye health. 1.26 0.730 medium
2. The effects of burning rice stubble and rice straw on the 1.21 0.755 medium
respiratory system health.
3. The effects of burning rice stubble and rice straw on oxygen 0.94 0.804 medium
delivery to the body’s tissue and organs.

X =113 medium
Impact on ecosystem and environment
1. The potential contribution of burning rice stubble and rice straw to 1.08 0.777 medium
seasonal rainfall irregularities.
2. The contribution of burning rice stubble and rice straw to global 1.18 0.721 medium
warming.
3. The potential link between burning rice stubble and the 1.10 0.737 medium
occurrence of drought and flood problem.
4. The contribution of burning rice stubble and straw to greenhouse 1.09 0.769 medium
gas emissions.

X =111 medium
Impact of law related to burning in Thailand
1. The law on burning rice stubble and rice straw. 1.07 0.502 medium
2. The penalties for burning rice stubble and rice straw. 1.05 0.520 medium

X =1.06 medium

Total average 1.05 medium

Levels of perceptions (X) 0.00- 0.66 = low, 0.67 — 1.33 medium, 1.34 — 2.00 = High
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Table 2 The number and percentages of knowledge levels in rice stubble and rice straw management.

(n=375)
Level No. of farmers %
Low (between 0.00 — 7.33 score) 14 3.73
Medium (between 7.34 — 14.67 score) 61 16.27
High (between 14.68 — 22.00 score) 300 80.00
Total 375 100.00

X =16.86 SD = 4.260 Level = High
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Abstract: The purposes of this research were to study: 1)general socioeconomic characteristics and rice
cultivation practices of farmers 2) farmers' knowledge about climate change 3) impacts of climate change
and 4)farmers' adaptation to climate change. The sample consisted of 370 rice farmers in Nam Kliang
District, Sisaket Province. The obtained data were collected by interview form and analyzed by descriptive
statistics and hypothesis tested by chi-square test. The research findings revealed that the majority of
farmers were female (51.08%), with an average of 53.15 years, graduated from elementary school or
lower (64.86%). Most of the area is lowland (76.49%). Overall, farmers' knowledge and understanding
of climate change were at a medium level (71.62%). The most significant impact of climate change
on farmers is the rise in temperatures, leading to a decrease in soil moisture (average 2.46). Farmers'
adaptation to climate change is divided into three main issues: 1) production techniques (99.46%), 2)
water system management (74.05%), and 3) risk insurance measures (68.65%). Statistical hypothesis
testing revealed significant relationships (p < 0.05) between the following variables: knowledge, impact

of climate change, and farmers' adaptation.

Keywords: climate change, adaptation, rice farmers
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Table 1 The number and percentage of farmers with knowledge about climate change.

(n=370)
Level No. of farmers %
Low (between 0.00 — 8.00 score) 9 2.40
Medium (between 8.01 — 16.00 score) 265 71.60
High (between 16.01 — 24.00 score) 96 25.90
Total 370

X =14.19 SD=3.12 Level = Medium
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Table 2 The number and percentage of farmers adaptation to climate change.

(n=370)
Level No. of farmers %
1. Technical adaptation 368 99.46
1.1 Change the rice seeds used for planting. 7 1.90
1.2 Change the time period for planting. 52 14.13
1.3 Change the method of planting. 86 23.37
1.4 Reduce the size of rice growing area. 1 0.27
1.5 Grow other crops instead of rice. 2 0.54
1.6 Plant soil-nourishing plants to increase soil fertility. 86 23.37
1.7 Use rice stubble for other uses instead of burn. 347 94.29
1.8 Grow organic rice instead of using chemicals. 47 12.77
1.9 Use bio-fermented water to nourish plants/soil. 7 20.92
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Table 2 (Continue)

(n=370)
Level No. of farmers %
1.10 Use Tailor-made fertilizer. 78 21.20
1.11 Use Microbial Pesticide to eliminate pests-instead of using chemicals. 104 28.26
1.12 Change traditional agriculture to integrated agriculture. 36 9.78
2. Water management adaptation 274 74.10
2.1 Digging a pond. 211 77.01
2.2 Drilling groundwater. 91 33.21
2.3 Pump water from public water sources into rice fields. 32 11.68
2.4 Make a groundwater bank. 3 1.09
3. Adaptation in planning, prevention and risk management 254 68.60
3.1 Risk assessment. 131 48.34
3.2 Risk reduction. 97 35.79
3.3 Diversification. 50 18.45
3.4 Risk insurance. 147 54.24
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Table 3 Results of hypothesis testing.
(n=370)
Statistical Technical Water management  Adaptation in planning,
values adaptation adaptation prevention and risk
management

Farmers' knowledge Chi-Square 10.706 3.857

of climate change p-value 0.005* 0.145

Impact of climate change Chi-Square 13.383 26.199

on rice farmers p-value 0.001* 0.000*

*Statistically significant at the 0.05 level.
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Abstract: The main objectives of this research were to 1) study basic information of the farm youth
members in Chaiyaphum province, 2) the role of farm youth members in implementing the farm youth
project and 3) compare the differences in some basic economic and social factors of farm youth
members with their role in implementing the farm youth project. Data were collected using structured
interviews from 95 members of the Farm Youth Project in Chaiyaphum Province. Data were analyzed
using descriptive and inferential statistics. The research results found that most of farm youth group
members in Chaiyaphum province were female (63.20%). The average age was 16.97 year old.
Farm youth group members’ educational level was grade 12 (68.40%). Most of their parents’ main
occupation is farmers (55.80%). Farm youth group members’ duties are caretakers and carry out
activities (89.47%). They received knowledge from advisors (74.74%). The role of implementing the
farm youth project of members found that they played roles at a moderate level in overall. The role
consists of 4 aspects as production role (X = 1.79), group management aspect (X = 1.72), natural
resource conservation aspect (X = 1.61), and the community development aspect (X = 1.79). A
comparison of roles in implementing farm youth project found that farm youth members whose
parents' different main occupations and different of duration joining membership of farm youth project

are played in different roles in implementing farm youth project.

Keywords: farm youth (4-H Club), role in project implementation, farm youth project (4-H Club), farmers
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Table 1 Some basic information of members of the farm youth group.

(n=95)
Economic and social background Number %
(people)
Parent's main occupation
Farmers 53 55.80
Not farmers (Government officer, Merchant, Company employees, and General employees) 42 44.20
Duration of membership in the Young Farmers Group
<2 vears 29 30.53
> 2 years 66 69.47
Mean 2.92 years, S.D. 1.136 years, Maximum 6 years, Maximum 1 year
Reasons for joining the youth farmers group
Need knowledge of agriculture 42 44.20
Invitation from friends and group members 17 17.90
Persuasion from teachers 33 34.70
Invitation from family or people in the community 2 2.10

Participate in the Young Farmer Contest

1 1.10

Note * Multiple answers
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Table 2 The implementation role in Farm Youth (4-H Club) Project of Farm Youth group.

(n=95)

The role of members of the farm youth group in promoting agriculture Mean S.D. level
Production 1.79 0.742 Medium
1) Participating in production planning 2.03 0.691 High
2) Participating in marketing planning 1.54 0.755 Medium
3) Consulting or transfer knowledge to group members 1.95 0.705 Medium
4) Taking care of the group's agricultural products, such as watering, pulling 2.48 0.617 High
weeds, tilling the soil, and feeding animals or harvest the produce
5) Donating materials and equipment to the group 1.49 0.849 Medium
6) Publicizing products or products of the group through various channels 1.25 0.838 Medium

such as online media
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Table 2 (Continue)

(n=95)
The role of members of the farm youth group in promoting agriculture Mean S.D. level

Group management 1.72 0.820 Medium
1) Participating in planning group activities or divide work among members 1.99 0.721 Medium
within the group
2) Participating in group public relations or invite others to join the group 1.87 0.815 Medium
3) Participating in group budget planning 1.35 0.835 Medium
4) Participating in reflecting on group problems and find solutions to solve 1.75 0.799 Medium
problems
5) Coordination between group members, teachers, advisors, or people 1.87 0.828 Medium
involved in the work
6) Inviting other members of the group study or visit agricultural events 1.52 0.921 Medium
outside of school
Conservation of natural resources 1.61 0.854 Medium
1) Educating others about the negative effects of monoculture farming 1.16 0.867 Medium
2) Doing activities related to environmental protection 2.23 0.676 High
3) Sharing knowledge about safe farming, organic farming, reduce the use 1.63 0.935 Medium
of chemicals to others
4) Publicizing through online media 112 0.944 Medium
5) Participating in activities with the community to preserve nature 1.94 0.848 Medium
Community development 1.19 0.863 Medium
1) Exchanging knowledge or experience in agriculture with people in your 1.54 0.897 Medium
community
2) Transferring agricultural knowledge to people in your community 1.21 0.898 Medium
3) Participating in developing agricultural products in your community 1.05 0.791 Medium
4) Reflecting on agricultural problems that exist in the community or find 1.14 0.858 Medium
solutions for people in the community
5) Using media and technology to promote agricultural knowledge to people 1.01 0.869 Medium
in the community

Total 1.58 0.820 Medium
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Table 3 The comparison of differences in parents’” main occupation towards the implementation role in farm youth

(4-H Club) of farm youth group members.

(n=95)
The role of members of the farm youth group in Parents’ main occupation
Agricultural extension Farmer Not Farmer t P-value
(n=53) (n=42)
Mean S.D. Mean S.D.

Production
1) Donating materials and equipment to the group, 1.62 0.925 1.33 0.721 1.665* 0.050
2) Publicizing products or products of the group through 1.49 0.891 0.95 0.661  3.379***  <0.001
various channels
Group management
1) Coordination between people involved in the work 2.08 0.781 1.62 0.825 2.760** 0.003
2) Inviting other members of the group study or visit 1.75 0.939 1.21 0.813  2.955* 0.002
agricultural events outside of school
Conservation of natural resources
1) Publicizing through online media 1.26 1.041 0.93 0.778 1.798* 0.038
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Table 3 (Continue)

(n=95)
The role of members of the farm youth group in Parents’ main occupation
Agricultural extension Farmer Not Farmer t P-value
(n=53) (n=42)
Mean S.D. Mean S.D.

Community development

1) Exchanging knowledge or experience in agriculture 1.77 0.869 1.24 0.850 3.011** 0.002
with people in your community

2) Transferring agricultural knowledge to people in your 1.36 0.922 1.02 0.841 1.827* 0.035

community

* ¥+ Significant different at P < 0.05, P < 0.01, P < 0.001 levels
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Table 4 The comparison of differences in group membership period towards the implementation role in farm youth (4-H

Club) project of farm youth group members.

(n=95)
The role of members of the farm youth group in Group membership period
Agricultural extension <2years (=29 > 2 years (n=66) t P-value
Mean S.D. Mean S.D.
Group management
1) Participating in group public relations or invite others ~ 2.10 0.724 1.77 0.836 1.844* 0.034

to join the group

* Significant different at P < 0.05 levels
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Effect of Temperature, Relative Humidity and Ethylene on Anther Dehiscence in Aromatic
Coconut and Influence of Pollen Germination Media Concentration on Pollen Germination
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Abstract: Aromatic coconuts have a low yield from March to May, possibly because anthers do not
dehisce during the rainy season, resulting in no pollen release to pollinate the female flowers. This
leads to poor pollination and no fruit set in seven months afterward, coinciding with the period of
low coconut production. Previous reports indicate that humidity, temperature, and ethylene affect
anther dehiscence. However, there have been no reports on aromatic coconut. Therefore, this study
investigated the temperature and relative humidity (RH) affecting anther dehiscence in aromatic
coconut in a laboratory condition, and the anther dehiscence induced by ethephon. The study found
that at a temperature of 40 °C and 60+10% RH, anther dehisced as early as the first hour after the
beginning of the experiment and up to 80% by the 11" hour. At 20 °C and 90+5% RH, anther
dehiscence was less than 10% even after 24 hours of testing. Additionally, ethylene at concentrations
of 25-75 mL-L" stimulated 50% anther dehiscence by the 14" hour, while at 100 mL-L", anthers
did not dehisce but fell off. Furthermore, when the germination medium was diluted threefold to

simulate stigmatic fluid reduced by rain, the pollen germination rate was less than 20%.

Keywords: stamen, pollination, ethephon

undngia: weniniveniinananiufudldfieetassiadeuiinnay f Beunqeniau Tweraiio
nntutrengru duisagliuan Ackifimanldetazeensaeanin penmAdieAslildfunianan uazvinli
dluandnludn 7 ieusienn Tanssiugasiinandnuzniindes fsnea1udn mqmu goUUNH uaz
fidu denasienisunnTe gLy uagslifiseelunsniaimen fulunmasesiitedneanana
2RI UNNNUAL mwmumuwmwmm@mnmmnmm@umemmmmmlmmwumﬂgumm':? Ay
NTLNNITUANT8IELITRYAREIeTine L AINNIIANEINLGT NgRUIUNH 40 B9ANTATES ANTUANTING

' NATTINTAIY ATUZINEAT NUNNUAN NNAnendenensAnans ananaamuneuan 4amdnuaslgu 73140

" Department of Horticulture, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University Kamphang Saen Campus,
Nakhon Pathom, 73140 ' .

? gueludpnssumalulatindainisfiuinen nesdussnuazdszanuiadselammiainemans 3dauazudanssy dnineu
UAANIENIN NIENINNNIGANANEN INLNANERT ILUATWIANIIHN 10400

2 Postharvest Technology Innovation Center, Science, Research and Innovation Promotion and Utilization Division, Office
of the Ministry of Higher Education, Science, Research and Innovation, 10400

* Corresponding author: kietsuda.l@ku.a.cth



154

ANNANFASINBASLAZNITAANS 8 (3) : 153-161 (2568)

60+10 wafidusl duisnyanunsousnlassusidalususnudaiunnaes uazuanlane 8o wasidus lu

Flua? 11 dauan mgnmni 20 avAEATEa ANTUANTNG 9045 Wesidus sulsnguanladeandn

10 1lafidus uwimmgeuuiu 24 d9lue wanantiuansavaneeiivauauidiudy 25-75 NaaaRssadans
nazsuliduisngaunsounnts 50 wadidus Tudalued 14 uasiaoududu 100 Hadanssiadns lavinli

duisnglaiunnusinaumnbisaely wananniiy Wanasaunisenluaimisdainsigimianasas 3 wia s
uan naniunisalanaesnisteazaisresasmisatuaaainaswAlalagiiiu wudinissanaes

azandLIny aetanndn 20 wafidusl

ANANATY: INATINAE, N19TN8ATR8LIDY, LaTinou

AU

m:w%”nﬁ’m'ﬂu (Cocos nucifera L. ‘Nam
Hom’) Huna il g autauielulnguay
FinatlszinAgnesam A muLa =R nAume iy
lndnmnl anadaanunsanilneldtanaanuas
i ldudlsgthiluannananeaiin nannsinadszing
fnnsrenaa uaziaaudesnisgedu vl
winltiunsdseaniiaiuseiiosatnstnanssian
Tnetlszmalnafadinisdeaanusninniinnes
Anduann 2,568 g Wl wa. 2560 1y
15,131 §11u7 Tutl w.A. 2566 (11IN9ATHEAA
ANTINHAT, 2567) wusniatinvenaslduanse
el winanaanaL gt ane nganns
dosrzuinadeuiiuaufafeunguanauiedy
m\ﬁqm@u dnnudnanan lliieane (1naA9)
VT A RN T109aA AT T asan
Tnaanizaanasialszing M ldgodslanialu
mm'\m@ﬂLﬁ@ﬁﬁﬁuvﬁﬁéﬂ?xmﬂ mmxﬁluﬂiqqqq
HugmeulguisuisneuiieaunNAUNHANRA
Funanm autasasanlisanansn (N0 LA
ALY, 2555)

mﬂnmmmmmwi’mﬁwaﬂwﬁwq@
f?fau&uﬂ"qvl,ﬂmmLLﬂﬁmd’]Lﬁm@’mmmmIm Wel
zﬁ“uummmm@mmmnamwmmﬂqumﬂu

o

ThlBunauiney Ansduduring WATHUNNEY
(ummamﬁfﬁu 907 HAALNAT 79%RH WAL 29.7
ANANTATEIR MINAFL) (nsngRlananen, 2567)
yilsisungmesmzninaimealauan sieunnld

v : o 2 a v
Uag ﬂ@’ﬂﬂﬂtﬂ’ﬂ%ﬁ‘ﬂé%@ﬂ mamummwmmim

A denalinananiazfivifedldlugn 7 weu
dnll (deengiew) Hilsuuanas flane91iAen
AUANNRUIUANA 39 BeATaLTag inlinnswes
fa (swelling) 1esaraedsniluinnanas dauali
Lmmuimwmwamviﬂmuslwamimumn (Matsui
et al., 2000) Tunniziis: mumqmumuwmm
ganalinisumnaesduisnglunzainianas wu
mmiﬁ\md’mLﬁmﬁuimummaﬁuﬁﬂ,m BELang)
anen uazinenlsinzany taesuisnuantsite
5 Lﬂ@ﬁéﬁum"‘lummwmmfgm“uﬁmﬂummﬂqq
90 iladifus IwumVﬁﬁuﬁ%m@ﬁum’Lm”ﬁuLﬁ@u
widnsuanpesusaglating ( (14-27 wlafifus)
(Usz133, 2540) dusunzniamimen WU 7
TN TURRNS 50 Wlafiius 6 Suianyidn uan
el 30 wiitusn uazuanls 100 wesidusT il
nandwly 1 49l davluannennsdudining
80 wafidus susnyladunnufinaninuly 1 dalag
30wt udafimn (0 wazAnLY, 2550) Rendelil]
%’@H@mmmﬂmmﬁuL?%m@quzw§ﬁaﬁﬁu@uﬁi:ﬁu
mw%uﬁmﬁmﬂummﬁ%;mdw 80 \lafidus
Wuszazanaauy guiinuldluaniweine
vaefuiRduAn

i audugesluuieiiinadenisuan
veefiisny feenudn luanwildfiefidu site
ﬁqfumﬁﬁugmfu&m@ﬁwm NTUANYBITLILTTY
arina w1 (Rieu et al., 2003). wanaINTL
foruianudidursaimiieeainasne
WHadnasiansvanaesazandisny (Lau et al., 2017)

o

patiudluldlaan nefidunngnludasiaenuiu



Agricultural Science and Management J. 8 (3) : 153-161 (2025)

155

o 9/70/ A a A IS
a1avin liivanuzasnswitiea e nnaswALle
(stigmatic fluid) TBINENFNIUIMBNYNIADANATE
wrlu s liazeassnyldauismeanls uay
z@'qm@‘lﬁ’ﬂﬁ?:munwﬂ@mu‘ﬁiﬂmgmj

SR Ao P

NMINAABINAHIR LI AALND AN
HATDIR NN AUAEANNTUANAN S NTADUTD
FUTINITUANTBITLLITY LATNAGBLINEINID
QI o v aa v A oAl ZJ/
WnnTsuanTesdLsnyAaaieiaulivsaly anis
MPEBLNNIIBNTRNAZRBUIT U TMNIINIZAZER
sgiideansauidudusaitesraesaniunnsal

luganu

4 a
AUnsaluarisnng
1. NMFLATENAIDL

A ¥ ¥ %’ dl v
L'Z\l'ﬂﬂﬁ’ﬂﬂLWﬁE;IﬂI’B\?N&WT’]')u’]ﬂ'BN‘Vﬂﬂ@

CEATIIN! (ﬁmi%ﬁqiﬂumn@ﬂn)‘Emﬂﬁmmmwwm’qu
vl ol ol [y
a9szidndnannAR Inauulszui 5 Aan

siasewd InsAnnuanfuslausziifinananagn
= dl v 1 o o
£19 2 [URANAT e IWazaansanisun ldiTnuaiu
(Figure 1A) a1nifsinlduginine gl anessudsnu
Tauatluniveliszuigauinfiaauiuusuanm
§99097R (Figure 1B)
2. NAUDIDUNNNAANITUANUDIDLLTUURS
NEWFIUIUBN
o 9ﬂ=: @ v a
Wszuinlalifiuluiasaounngungi
da‘ [ yal a =
wazanay a5l 20 eeATaLTA
ANTUANNS 80 wefidus, 30 asAmaEaa
ANNTURNANS 60 WlaFidus way 40 avATaLTea
ANNTUANANS 60 wWafidusd § 3 91 daz 1
seud uaztiuiinnsuanaesdlsnguenin e

ndalug Wuwnan 24 d9lue wdrseaunaiu
An3INITuANTesB LAz aNsIeEa i Inevianig
NAKBITININNA (repeat) 5 AT

Figure 1 Unopened aromatic coconut male flowers ready to dehisce attached to rachillae of 2 cm long (A). The rachillae

were retrimmed and placed in distilled water to mimic natural conditions (B).
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Data logger

Figure 2 The installation of a flow board to monitor and control relative humidity levels in three treatments. In one chamber

(a), the air was passed through the water to achieve a relative humidity of 95+5 % (A). In another chamber (b), the air

was passed through silica gel to achieve a relative humidity of about 50£3 % (B). Subsequently, air from chambers (a)

and (b) was mixed in another chamber with different flow rate or proportions to obtain air within the chamber with the
desired humidity levels as specified (95+5, 80+10, and 60+10 %).
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Figure 3 Percentage of anther dehiscence in aromatic coconut in response to different temperatures ranging from 20°C
(80% RH), 30°C(60% RH) and 40°C (60% RH). Data represent the mean with n=5. Means within the same hours denoted

by the same letter are not significantly different (P<0.05) using Tukey’s test.
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Figure 4 Percentage of anther dehiscence in aromatic coconut in response to different relative humidity ranging from

60+10, 8010 WAY 90+5% at 2943 "C. Data represent the mean with n=5. Means within the same hours denoted by the

same letter are not significantly (P<0.05) using Tukey's test.
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Figure 5 Percentage of anther dehiscence in aromatic coconut in response to different ethephon concentrations ranging
from 0, 25, 50, 75 and 100 ppm and incubate at ambient condition (with 29+3 °C and 57+5% RH) for 24 hours. Data

represent the mean with n=5. Means within the same hours denoted by the same letter are not significantly different

(P<0.05) using Tukey's test.
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Abstract: The Pleurotus and Cordyceps mushrooms are popular among consumers due to their rich
nutritional and medicinal benefits. Pleurotus mushrooms are easy to grow and inexpensive, while
Cordyceps mushrooms must be grown in aseptic conditions and are quite expensive. The
classification of these two genera can be easily done by morphological characterization during the
fruiting body stage. However, in the early stage of mycelial growth, morphological characterization is
unsuccessful due to their resemblance. The objective of this study was to utilize SRAP DNA markers
to discriminate between Pleurotus and Cordyceps mushroom species in an early mycelial stage,
which will benefit genetic improvement through protoplast fusion. In this study, two cultivars of P.
ostreatus, the Phoenix oyster mushroom and the Bhutan oyster mushroom, and C. militaris were
investigated. A total of one hundred SRAP primer pairs (Me1-10/Em1-10) were examined. The results
revealed that 57 primer pairs can be used to discriminate C. militaris from the two oyster mushrooms.
Additionally, 33 primer pairs successfully discriminated between the Phoenix oyster mushroom and
the Bhutan oyster mushroom. However, only 16 pairs of primers allowed for discrimination between

these two P. ostreatus cultivars and C. militaris.

Keywords: mushroom identification, molecular markers, PCR
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Table 1 The sequences of SRAP primers used in this study. The dash line (__..) represents filler, the underline (__)

represents a GC— or AT-rich region and the thick underline (__

) represents the selective bases at 3’ end.

SRAP forward primers (5'—3')

SRAP reverse primers (5'—3')

Me1 TGAGTCCAAACCGGAAA

Me2 TGAGTCCAAACCGGAAG
Me3 TGAGTCCAAACCGGAAC
Me4 TGAGTCCAAACCGGAAT
Me5 TGAGTCCAAACCGGAGC
Me6 TGAGTCCAAACCGGACA
Me7 TGAGTCCAAACCGGACC
Me8 TGAGTCCAAACCGGATA
Me9 TGAGTCCAAACCGGTAG
Me10 TGAGTCCAAACCGGTCA

Em1 GACTGCGTACGAATTAAC

Em2 GACTGCGTACGAATTAAT
Em3 GACTGCGTACGAATTGAC
Em4 GACTGCGTACGAATTGCA
Em5 GACTGCGTACGAATTCAA
Em6 GACTGCGTACGAATTCAG
Em7 GACTGCGTACGAATTCAC
Em8 GACTGCGTACGAATTCTG
Em9 GACTGCGTACGAATTTGA
Em10 GACTGCGTACGAATTTGC

NAaN1Tn ma’muaﬁiminﬁf
Tunsmeassdnidans wsmasiviunzan
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11 1.5% agarose gel Wu31 Wudn § 3 Alwsinas
FlaisgnunsaiuBunuiisweld Ae Me2-Em7,
Me5-Em7 uaz Me6-Em8 uazil 97 glwsines
fignunsafinlunoudidweld (Table 2) lnedl
IUIAUALALEULIEAE TUT 100-1,000 LUA ublg
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Table 2 The number of DNA band generated by SRAP primer pairs in all of three mushrooms, the Phoenix oyster
mushroom, the Bhutan oyster mushroom and Cordyceps militaris. A set of number in form of x/x in each cell represent
a total number of DNA bands / polymorphic bands.

Primers Em1 Em2 Em3 Em4 Em5 Em6 Em7 Em8 Em9 Em10
Me1 3/3 6/6 4/3 6/5 4/4 2/2 4/4 7/7 3/3 4/4
Me2 5/5 4/2 4/4 6/5 6/6 5/5 0/0 5/5 3/3 3/2
Me3 171 9/9 5/4 7/6 3/3 2/2 3/3 5/4 717 2/2
Me4 8/7 3/3 2/2 7/6 3/3 5/5 6/6 6/6 6/6 2/2
Me5 4/4 4/4 5/5 4/3 4/4 3/3 0/0 4/3 6/4 5/5
Me6 4/4 5/5 5/5 3/2 2/2 4/4 5/5 0/0 4/4 4/4
Me7 4/4 6/6 3/2 4/4 3/3 4/4 5/5 3/2 4/4 4/4
Me8 4/4 6/4 7/5 5/5 8/8 4/4 6/6 4//4 5/3 5/5
Me9 5/5 3/3 7/6 77 2/1 4/4 8/8 4/4 5/5 4/4
Me10 4/4 7/6 3/3 3/2 5/5 5/5 6/6 5/5 4/4 6/6

|:| SRAP primers cannot differentiate |:| SRAP primers can differentiate

Table 3 The number of DNA bands of the Phoenix oyster mushroom, the Bhutan oyster mushroom and Cordyceps
militaris revealed by SRAP primers that can differentiate. A set of numbers in the form of x-x-x represents the number
of DNA bands of the Phoenix oyster mushroom — the Bhutan oyster mushroom — C. militaris respectively. The total
number of DNA bands and the (average) of each mushroom are 43 (2.68) for the Phoenix oyster mushroom, 35 (2.18)
for the Bhutan oyster mushroom and 31 (1.93) for C. militaris.

Primers Em1 Em2 Em3 Em4 Em5 Em6 Em7 Em8 Em9 Em10
Me1 2-1-1
Me2 2-2-2
Me3 5-3-2 4-4-2 5-3-1
Med 7-2-3 2-1-2 1-3-2
Meb 2-2-2 1-2-2 2-1-2
Me6
Me7 1-2-1
Me8 2-2-1
Me9 1-1-3
Me10 4-3-4 2-3-1

|:| SRAP primers cannot differentiate |:| SRAP primers can differentiate



168

AMNFANFASLNHATWASNITAANIS 8 (3) : 162-173 (2568)

Table 4 Total DNA bands and the polymorphic bands of the Phoenix oyster mushroom and the Bhutan oyster mushroom

revealed by SRAP primers that can differentiate. A set of number in the form of x/x in each cell represents a total number

of DNA bands / polymorphic bands.

Primers Em1 Em2 Em3 Em4 Em5 Em6 Em7 Em8 Em9 Em10
Me1 3/3 4/3
Me?2 6/6 4/4
Me3 6/4 5/3 6/4
Me4 8/7 3/3 4/4
Meb 3/2 3/3 3/3
Me6 5/4 4/4 4/2
Me7 3/3 6/4
Me8 3/2 7/3 8/3 6/2
Me9 5/3 5/2 7/4 6/5 4/2 2/2

Me10 5/2 5/5 5/3 5/5 6/3

|:| SRAP primers cannot differentiate

|:| SRAP primers can differentiate

Table 5 Total DNA bands and polymeric bands of the Phoenix oyster mushroom and Cordyceps militaris revealed by
SRAP primers that can differentiate. A set of number in the form of x/x in each cell represents a total number of DNA
bands / polymorphic bands.

Primers Em1 Em2 Em3 Em4 Em5 Em6 Em7 Em8 Em9 Em10

Me1 3/3 6/6 6/4 3/3 3/3 8/8
Me2 5/3 3/3 4/3 3/3 4/4 3/3
Me3 9/8 5/3 6/5 5/4 6/6
Me4 2/2 5/4 3/3 4/4 6/6 3/3 2/2
Me5 3/2 4/4 5/5 3/3 4/2 4/4
Me6 4/4 4/4 4/3
Me7 2/2 4/4 3/2 4/3 4/4
Me8 4/4 5/4 4/4 4/4 4/3 6/2 5/4
Me9 3/3 6/5 3/3 8/8 4/4 5/5

Me10 4/4 6/4 3/2 5/5 3/3 4/4

|:| SRAP primers cannot differentiate

|:| SRAP primers can differentiate
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Table 6 Total DNA bands and polymeric bands of the Bhutan oyster mushroom and Cordyceps militaris revealed by

SRAP primers that can differentiate. A set of numbers in the form of x/x in each cell represents a total number of DNA

bands / polymorphic bands.

Primers Em1 Em2 Em3 Em4 Emb Em6 Em7 Em8 Em9 Em10

Me1 6/6 3/2 5/4 3/3 4/4
Me2 5/2 6/4 4/4 3/3
Me3 6/6 5/4 4/3 4/4 5/3 4/4
Me4 4/3 3/3 6/5 3/3 3/3 3/3 5/5 2/2
Me5 4/4 3/3 5/5 4/3 3/2
Me6 4/3 4/4 3/2 2/2
Me7 2/2 4/4 4/4
Me8 3/3 6/4 4/4 77 4/4 4/3 6/3 5/3
Me9 4/3 3/3 6/5 4/4 3/3 3/3 4/4 4/4

Me10 4/4 6/5 3/2 4/4 4/4 5/4

|:| SRAP primers cannot differentiate
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Figure 1 The example of SRAP amplification profiles using Me1-Em10, Me2-Em6 and Me4-Em8 primer pairs visualized

Me2-EmB
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on agarose gel electrophoresis. The red arrows indicate the uniquely distinguished bands of each moshroom. (100bp:

100 bp plus DNA Ladder; P: the Phoenix oyster mushroom; B: the Bhutan oyster mushroom; C: Cordyceps militaris)
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Figure 2 The UPGMA dendrogram based on SRAP data demonstrated the genetic relationships among two oyster

mushrooms and Cordyceps militaris.
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Abstract: Ensuring the desired sweetness of coconut water is crucial for consumer satisfaction. In
this study, a total of 290 young aromatic coconuts were analyzed for soluble solids content (SSC),
titratable acidity (TA), flesh thickness (FT), and sensory qualities. We also introduced the concept of
BrimA, representing the difference between SSC and TA as an indicator of the flavor of coconut water.
Our correlation analysis revealed that sweetness in coconut water was significantly correlated with
BrimA (r=0.70) followed by SSC/TA (r = 0.54), TA (r =-0.51) and SSC (r = 0.41). Stepwise discriminant
analysis (SDA) was performed to develop a model with optimally selected classifying variables. The
overall classification accuracy of the SDA model for predicting sweetness was 70.78 %. Regarding
BrimA and TA parameters as the greatest significant contributors of this coconut sweetness, the 'not
sweet' samples were correctly predicted at 61%, while the 'sweet' samples were correctly predicted
at 78 %.

Keywords: soluble solids content, titratable acidity, BrimA, quality index
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Introduction

Young aromatic coconut (Cocos
nucifera L.) is popular for its refreshing water
and tender meat. In Thailand, an aromatic
coconut variety known as ‘Nam Hom’ has
become an important economic crop, with
its young fruit ranking third among all fruit
exported from Thailand in 2023. The main
export markets for this coconut are China and
USA, and the total export value increases
greatly from 69 to 275 million USD from 2018-
2022 (Office of the Permanent Secretary
Ministry of Commerce, 2023).

For fresh young aromatic coconuts,
ensuring the desirable taste of coconut water
influences consumer satisfaction and purchasing
decisions. Typically, soluble solids content (SSC)
and the SSC/ titratable acidity (TA) ratio have
been used as sweetness indices (Vasquez-
Caicedo et al., 2005; Terdwongworakul et al.,
2009; Tan et al., 2014; Nikhontha et al., 2019;).
In addition, TA and flesh thickness (FT) have
shown some degree of correlation with the
sweetness of coconut water (Terdwongworakul
et al., 2009). However, these parameters have
not consistently demonstrated a strong
correlation with sweetness in some fruits
(Saftner et al., 2008; Schwieterman et al., 2014).
As an alternative, an index called BrimA, which
involves subtracting of TA from SSC, has been
proposed (Jordan et al., 2001; Cheepsomsong
et al. 2023). This index allows smaller amounts
of acid than sugar to make the same numerical

change to BrimA, but in the opposite direction.

While the SS/TA ratio is widely used, the
difficulties in correlating sensory preferences
with chemical data are widely recognized
(Jordan et al., 2001). Some researchers argue
that BrimA better describes taste trends for
fruits and juices such as pomegranates
(Fawole and Opara, 2013a, b), oranges
(Obenland et al., 2009) and citrus and grapes
(Jordan et al., 2001). However, different fruits
and varieties have significantly different acid
and sugar compositions, requiring varied
coefficient values of BrimA. Nevertheless, the
best index of sweetness in coconut water has
remained relatively unexplored. This study
aimed 1) to develop the best index for
determining sweetness in young aromatic
coconut water and 2) to determine whether
sweetness can be accurately predicted using
SSC, TA and FT.

Materials and methods

1. Sample preparation

A total of 290 young aromatic coconut
fruits were harvested in May 2023,
approximately at 7 months after inflorescence
opening, from a plantation in Damnoen Saduak
district, Ratchaburi, Thailand. After harvesting,
the samples were transported to the laboratory
and analyzed for water quality and sensory
within the same day.
2. Determination of physiological and sensory
properties

Coconut water was discharged

through the hole made in the soft eye, located
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at the largest carpel at the stem end of the
Soluble solids content (SSC)

of the coconut water was determined using a

coconut shell

hand refractometer (N-3000E, Atago, Japan) and
expressed in percentage.

Titratable acidity (TA, %) was determined

following the method described in A.O.A.C.
(1990) by titrating 2 mL of the coconut water
CW with 0.01N NaOH using phenolphthalein as
an indicator until pink color was perceptible for
30 s. TA was calculated using malic acid as an

equivalent following:

TA (%) = Volume of NaOH (mL) x Normality of NaOH x 0.067

Volume of the sample (mL)

Then, the coconut was halved
along the equatorial plane and coconut flesh
thickness (FT) was measured as the depth of
the coconut flesh, using a depth probe on the
vernier caliper to penetrate the coconut flesh
until it reached the shell. The thickness was
expressed in millimeters from an average of
two positions: stem end, and stylar end.

BrimA was expressed as (SS - k x TA),

where the constant value (k) reflects the
tongue’s higher sensitivity to TA compared to
SSC (Jordan et al., 2001). The constant k in this
study was determined as 35 with the integer
best correlated with sweetness of the coconut
water (r = 0.7014). In addition, using k factors
of 35, 36, 37 or 38 provided similar values of R
as calculated from the linear regression of

sweetness score versus BrimA (Figure 1).
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Figure 1 Correlation coefficients between BrimA and sweetness with different constant (k) values in the formula.

3. Sensory evaluation

Sensory evaluation of sweetness and
sourness of the coconut water was performed
by four trained panelists (three females and one
male of 22-25 years old) with the methodology
adapted from Assa et al. (2013). The panelists

were trained prior to the experimental session,

where they rated the intensity of each sensory
attribute on a five-point scale. Sourness scores
were determined based on a citric acid solution
(v/v) where 4 = strongly sour or 0.5 % citric acid,
3 = moderately sour or 0.25 % citric acid, 2 =
slightly sour or 0.1 % citric acid, and 1 = no sour

or plain water. In addition, sweetness scores
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were determined based on sucrose solution (w/v)
where 4 = strongly sweet or 15 % sucrose, 3 =
moderately sweet or 7.5 % sucrose, 2 = slightly
sweet or 1 % sucrose, and 1 = no sweet or plain
water. The panelists were directed to rinse their
mouths after each sample tasting To preserve
the flavor, right after the coconut water was
extracted from the fruit, a sample of it was
poured into a non-odorous bottle and evaluated
immediately. Each sample consisted of three
cups labeled with a randomized 3-digit code to
ensure an unbiased assessment before being
given to each panelist.

4. Statistical analysis

The experiment was conducted
in a completely randomized design with a
non-equal number of replications. Four levels
(1-4) of sweetness were tested with 31, 94, 108,
and 61 replications, respectively. Additionally,
four levels (1-4) of sourness were tested with
80, 128, 64, and 22 replications, respectively.
The data were analyzed for one-way variance
using the ANOVA method, and pairwise
comparisons of the means were conducted
using Tukey’s test with SPSS Statistics version
23 (SPSS Inc., Madrid, Spain). Stepwise
discriminant analysis (SDA) and Pearson’s
correlation analysis were conducted to assess
the significance of the relationship between
the physiological and sensory properties using
SPSS. Aviolin plot analysis was performed using
R software (version 4.2.1).

The classification model of coconut
water sweetness was analyzed using SSC,
TA, SSC/TA, FT , and BrimA as independent
variables and sweetness of the coconut water
as the dependent variable. This analysis was
performed using discriminant analysis (DA)
with a stepwise method (IBM SPSS Statistics for

Macintosh, version 28.0, IBM Corp., Armonk,
NY). The sweetness of coconut water was
ranked within the sweet and non-sweet groups
from lowest to highest scores. The samples
were then alternately divided into calibration
and validation groups in a 3:1 ratio to ensure
a similar distribution of sweetness in both
groups. The calibration group data was used
to generate the predictive model, which was
then applied to the validation group data to
test the model accuracy in classifying the

sweetness groups of coconut water.

Results
1. The variation of coconut quality parameters

The SSC of the coconut water samples
ranged from 5.4 to 9.2 %, with an average of
7.3 %, while the TA content ranged from 0.02
to 0.11 %, with an average of 0.04 %. FT was
in 2.3-10.3 mm range, with the average of
7.3 %. Sensory evaluation revealed that there
were variations in perceived sweetness
and sourness among samples (Figure 2),
possessing different SSC and TA among
groups categorized according to sensory
intensities. For sweetness, the SSC ranged
from 5.4 to 8.0 % in the 'not sweet' group and
from 6.0 to 9.2 % in the 'slightly sweet,’
'moderately sweet,' and 'very sweet' groups.
For sourness, the titratable acidity (TA) values
ranged from 0.016 to 0.106 % in the 'not sour'
group, from 0.018 to 0.067 % in the 'slightly
sour' group, from 0.022 to 0.07 % in the
'moderately sour' group, and from 0.022 to
0.098 % in the 'very sour' group.

However, the SSC and TA values did
not appear to be strong indicators to distinguish
sample groups of different sensory intensities.
For the sweet taste, although the SSC of the
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‘not sweet’ and ‘slightly sweet’ groups were
significantly different, those of the ‘moderately
sweet’ and ‘very sweet’ groups were not (Figure
2A). In contrast, the SSC/TA and BrimA were
significantly different among all four groups of
sweet taste (Figure 2B-C). For the sour taste,
the TA, SSC/TA and BrimA of the ‘not sour’

and'slightly sour’ groups were not significantly

different, but those of the ‘moderately sour’ and
the ‘very sour ‘groups were (Figure 2E-G). As
for the flesh thickness, no significant difference
was observed among ‘slightly sweet’, ‘moderately
sweet’ and ‘very sweet’ groups, as well as among
‘not sour’, ‘slightly sour’” and ‘moderately sour’

groups (Figure 2D and 2H).
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(E-H). For both sweetness and sourness, four sensory intensities were categorized: 1 = ‘not sweet’ or ‘not sour’,

2 = ‘slightly sweet’ or slightly sour’, 3 = ‘moderately sweet’ or ‘moderately sour’, and 4 = ‘very sweet’ or ‘very sour’.

2. Relevance of each quality parameter to
sensory quality

To develop the best index for assessing
sweetness in coconut water, the correlation

between relevant parameters and sweetness

was investigated (Table 1). It was shown
that sweetness exhibited a strong positive
correlation with BrimA (r = 0.70) compared
to SSC/TA (r = 0.54) or SSC (r = 0.41), while

displaying a negative correlation with TA
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(r=-0.51). Sourness, on the other hand, displayed indicated that an increase in FT coincided with

a significant positive correlation with TA a decrease in both SSC and TA. However, the
(r = 0.59). In addition, FT showed a signifi-
cant negative correlation with SSC and TA

with r = -0.44 and -0.60, respectively. This

correlation between FT and sweetness, as well
as sourness, were relatively weak (r = 0.12, and

-0.20, respectively).

Table 1 Pearson correlation coefficients among quality parameters and sensory properties of coconut water of young

aromatic coconut samples.

SSC TA BrimA SSC/TA FT Sweetness  Sourness
SSC 1
TA 0.13 1
BrimA 0.68 -0.63** 1
SSC/TA 0.09 -0.88** 0.72** 1
FT -0.44 -0.60** 0.10** 0.42** 1
Sweetness 0.41 -0.51** 0.70** 0.54** 0.12 1
Sourness -0.05 0.59** -0.47** -0.54** -0.20 -0.58** 1

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

3. Classification of coconut water sweetness
using discriminant analysis

To confirm the significance of BrimA
in distinguishing coconut water sweetness
levels, stepwise discriminant analysis (SDA)
was conducted. SDA, a multivariate technique,
develops discriminant functions from multiple
variables to maximize differences between
sweetness categories while minimizing variation
within each category (Cruz-Castillo et al., 1994).
For this study, SDA was conducted utilizing
SSC, TA, SSC/TA, BrimA, and FT to create a
model that categorizes coconut water into four
distinct sweetness levels. The effectiveness of
the model was assessed based on classification
accuracy, defined as the percentage of
correctly classified coconut water samples. The
contributions of each independent variable
to the classification were evaluated using their
discriminant functions and assessed through

standardized coefficients. From the preliminary

results, the highest accuracy for classifying
sweetness levels into four groups was 60%,
with difficulty in differentiating fruit between
groups 1 and 2 and between groups 3 and 4
was evident. Therefore, we reanalyzed the data,
this time classifying the sweetness into two |
evels: 'not sweet' (comprising the previous
groups 1 and 2) and 'sweet' (comprising the
previous groups 3 and 4).

From the new sweetness level
separation model, for the calibration set, the
overall accuracy for classifying sweetness
levels into two groups was 79.2 %. For the
‘not sweet’ group, 67 % of the samples were
correctly predicted and for the ‘sweet’ group,
88.2 % of the samples were correctly predicted
(Table 2). The variable that contributed most
to the classification was BrimA (standardized
canonical discriminant function coefficient of
1.297), followed by TA (standardized canonical

discriminant function coefficients of 0.436)
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(Table 2 and data not shown). For the validation ‘sweet’ group were correctly predicted at 78 %,

set, samples of the ‘not sweet’ group were with an overall accuracy of 70.78 % (Table 3).

correctly predicted at 61 %, and samples of the

Table 2 Classification accuracy of the coconut water sweetness used to develop the canonical discriminant model.

(n=221)

Classification
accuracy (%)

Predicted group Significant variables

Actual group

Not sweet Sweet
Count Not sweet 63 31 BrimA, TA
Sweet 15 112
79.2
% Not sweet 67 33
Sweet 11.8 88.2

Table 3 Classification accuracy when the discriminant model was applied to the validation data set of 73 coconut.

(n=221)

Predicted group

Classification accuracy (%)

Actual group

Not sweet Sweet
Count Not sweet 19 12
Sweet 9 33
70.78
% Not sweet 61 39
Sweet 21 78

Discussion

Typically, soluble solids content (SSC)
and flesh thickness (FT) are reported to be
correlated with the flavor of coconut water
(Jaroonchon et al., 2017). However, this
correlation is usually established across
different maturity stages, which may not serve
as suitable indices for fruits at the same maturity
but varied in quality (Jaroonchon et al., 2017).
In our study, we assessed the quality of coconut
water at the same maturity stage to identify the
best flavor index parameter.

SSC exhibited a moderate correlation

with sweetness in young aromatic coconut water.

This can be explained by the composition of
SSC in coconut water, which primarily includes
sugars along with small amounts of organic acids,
fat, protein, vitamins, and minerals (Jackson et
al., 2004; Tan et al., 2014). Of these contents,
organic acids have a higher capacity to
dissociate and can elicit stronger sour taste
responses (Da Conceicao Neta et al., 2007).
Consequently, even a small amount of acid can
significantly impact the sour taste.

In this study, BrimA showed a stronger
correlation with the sweetness of coconut
water, as indicated by a higher degree of

correlation and a greater contribution to the
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sweetness grouping analyzed by DA. The
BrimA index (SSC — k x TA) is based on the
principle that sugars and acids have contrasting
effects on taste, and the tongue detects sugars
and acids with different sensitivities. BrimA
essentially combines these taste elements in a
linear, additive manner, with the k coefficient
accounting for the tongue's varying sensitivity
to acid and SSC levels (Jordan et al., 2001).
Moreover, some reports suggest
that BrimA is superior to the SSC/TA ratio in
determining sweetness. However, the constant
k may vary from 2 to 10, depending on the fruit
species or cultivar due to their differences in
acid and sugar ratios. For instance, values
range from 2 for pomegranates (Fawole and
Opara, 2013a, b) to 4 for oranges (Obenland et
al., 2009) and 5 for citrus and grapes (Jordan
et al., 2001). In this study, the constant k for
coconut water was determined to be 35, which
is significantly higher than previously reported
for other fruits. This may be due to the lower
acid content in aromatic coconut compared to
other fruits, such as apple: 0.9-28.4% (Pissard
et al., 2021), tangerine: 0.12-0.62% (Funsueb
et al., 2023), and pitaya: 0.09-0.47% (da Silva
Ferreira et al., 2023). However, to confirm this
hypothesis, further studies on other low-acid
fruits are required. In addition, this study was
conducted as a single trial with 290 fruits.
Therefore, further investigation using different
production years is necessary to assess the
effectiveness of the BrimA index for young

aromatic coconuts.

Conclusion
The sensory test on young aromatic
coconut water confirmed that sweetness

was well correlated with BrimA, the combined

index of SSC and TA. In addition, a sweetness
discriminant model was presented with an

overall classification accuracy of 70.78 %
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