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Comparison on Growth, Yield and Total Lactone Content

of Different Andrographis paniculata Varieties Grown in Lysimeter Tank
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The objective of this research was to compare the growth, yield, and total lactone content of
four varieties of Andrographis paniculata cultivated in lysimeter tanks for water and nutrient use studies.
The experiment was conducted at the Agricultural Technology Research Institute, Rajamangala
University of Technology Lanna, Lampang Province. The experiment followed a completely randomized
design (CRD) with eight replications and four treatments, including Phichit 4-4, Phitsanulok 5-4, and two
commercial varieties (Golden Mountain brand and Compass brand variety). The results showed no
statistically significant differences in stem growth and physiology. However, significant differences were
observed in vield, yield components, and phytochemical concentrations. The Phitsanulok 5-4 and
Compass brand varieties produced the highest dry weights, with averages of 20.26 and 20.74 grams per
plant, respectively. Meanwhile, Phichit 4-4 and Golden Mountain brand varieties had average dry weights
of 17.12 and 16.28 grams per plant, respectively. The total lactone content, calculated as
andrographolide, exceeded the standard for Andrographis paniculata in all four varieties, ranging from
23.64 to 27.70 grams per 100 grams of dry weight. Among them, the Phichit 4-4 variety had the highest

average value.

Keywords: Andrographis paniculata, stem growth, total lactone content, lysimeter tanks
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Table 1 Stem growth of 4 Andrographis paniculata varieties at 63 days after transplanting

o Plant height Diameter  Canopy width Number Leaf width Leaf length
varieties (cm) (mm) (cm) of leaf (cm) (cm)
Phichit 4-4 52.51+1.92 4.72+0.21 34.66+2.36 154.00+19.21 4.16+0.28  10.95+0.58
Phitsanulok 5-4  53.15+2.14  5.26+0.25 37.53+3.01 145.63+19.61 4.39+0.36 11.31+0.62
Commercial 1 50.51+298 4.62+0.25 34.14+2.96 141.75+13.01 3.86+0.17 10.78+0.43
Commercial 2 51.69+4.32  4.85+0.30 38.26+3.16 152.88+17.98 4.83+0.19  11.61+0.30
F-test ns ns ns ns ns ns
CV (%) 16.29 14.87 10.64 16.30 17.16 12.71

The results are expressed as the means + standard error: SE, ns = no significant difference

39991 luanwuzasialinudealy
Uszansnmnisinauvessyuusasiigosveslu uas
Sasnsdaasizdiuas 1dun nmsaneth Anseeuls
frarruvesUinlu wazdnsinisuaniddsufing
Asuaulaeenlen wuitlduiinuuanaieiuesedl
tfodmeada Taesi 4 aneiug dfsdnnudely
WAEsYIng 53.663-58.638 SPAD unit SUszANEam

11991912095 r VUL Tidesvasluaiesening
0.789-0.798 ﬁmﬁmaﬁuagmwm 2.539-3.049
m mol/m?s fiarn1ssaslidneruvesiinly wae
L1319 0.089-0.114 m mol/m?s wagdensinig
wanldsufigarsvaulaeenlediadeszning
5.225-7.706 u mol/m?s (Table 2)

Table 2 Physiology of leaf greenness index, chlorophyll fluorescence and the rate of photosynthesis

of & Andrographis paniculata varieties at 63 days after transplanting

Varieties Leaf greenness Chlorophyll Photosynthesis rate
index fluorescence  Transpiration Stomata CO,-assimilation
rate conductance rate rate
(SPAD unit) (FV/FM) (m mol/m?s) (m molm?s) (u mol/m?s)

Phichit 4-4 58.64+1.81 0.79+0.01 3.04+0.39 0.10+0.01 6.60+0.63

Phitsanulok 5-4 54.35+1.28 0.79+0.01 3.05+0.47 0.11+0.02 6.94+1.07

Commercial 1 57.66+1.85 0.80+0.01 2.54+0.55 0.09+0.01 5.22+0.50

Commercial 2 53.66+2.14 0.80+0.01 2.62+0.41 0.09+0.01 7.70£0.92

F-test ns ns ns ns ns

CV (%) 9.07 3.98 19.89 9.61 13.93

The results are expressed as the means + standard error: SE, ns = no significant difference
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ASuvpavtnwie (Table 3)

Table 3 Fresh weight, dry weight, leaf greenness index, nitrogen and total lactone of 4 Andrographis

paniculata varieties

Varieties Fresh weight Dry weight  Leaf greenness Nitrogen Total lactone
index (gram/100 grams
(gram) (gram) (SPAD unit) (%) dry weight)

Phichit 4-4 66.61£3.30 ab  17.12+0.54 b 63.75+1.58 a 1.74+0.18 a 27.70+£0.79 a
Phitsanulok 5-4 76.66+4.23 a 20.74+1.47 a 55.69+2.44 b 1.36+0.08 b 24.73+0.90 b
Commercial 1 60.97+2.46 b 16.28+0.76 b 56.49+2.69 b 1.33+0.07 b 23.64+1.51 b
Commercial 2 74.92+5.36 a 20.26+1.05a  61.59+1.63ab  1.59+0.07 ab 24.18+0.60 b
F-test * *x * * *
CV (%) 16.15 15.44 10.19 18.22 11.39

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

*** Denote significant levels (P-value) at 0.05, and 0.01, respectively

Data with the same letters within a column do not differ significantly by DMRT at 0.05 level.
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Influence of Plastic Film Covering Plant Colored on Growth Quality
and Yield of Lettuces
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The greenhouse cover plastic film is one of the most important factors in plant growth in the
greenhouse. Therefore, the selection of the type of plastic film has an impact on plant growth and
yield. The objective of this experiment was to study the influence of different types of plastic film on
the growth and yield of lettuce. The experiment was designed as a split plot in CRD (Completely
Randomized Design). Main plot, which was the type of plastic film, consisted of four treatments: red
plastic, yellow plastic, white plastic, and an uncovered as a control (Sunlight). Sub plot was the lettuce
variety, comprising two varieties: Red Oak and Green Oak. The hydroponic NFT system was used for
lettuce cultivation, and data on growth and yield were collected 45 days after sowing. Results indicated
significant interactions between plastic film types and lettuce varieties. Green Oak under red plastic
exhibited the tallest plants, similar to those under yellow plastic. Red Oak under white plastic showed
the widest canopy. Planting Green Oak under white, red, and yellow plastic led to more leaves than
uncovered or sunlight conditions. Both Red Oak and Green Oak under yellow plastic had the highest
leaf count compared to the sunlight eroup. White and yellow plastic-covered lettuce had higher SPAD
values and leaf color expression (L*, a*, b*) than red plastic. The redness value (a*) of leaves was lowest
in the white and yellow plastic groups. Thus, planting lettuce under white and yellow plastic film was

most suitable for achieving optimal growth and yield compared to red plastic.
Keywords: lettuce, plastic roof covering, light, light intensity, greenhouse
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Figure 1 Characterization of light spectral distribution from 350 to 800 nm

under greenhouse plastic film on experimentation

Table 1 Measured light intensities beneath the three greenhouse plastic film treatments

under the control (sun light)

Time measured 10.00 a.m. (u molm™.s™)

12.00 p.m. (u mol.m?s™)

02.00 p.m. (u mol.m™.s™)

Type of plastic film | Beneath the film Canopy

Beneath the film Canopy

Beneath the film Canopy

Red color 700 600
Yellow color 1,400 1,300
White color 1,500 1,500

Sun light 1,900 1,900

900 700 800 700
1,400 1,300 1,400 1,300
1,600 1,500 1,400 1,500
1,900 1,900 1,900 1,900

HAYDIYU ANATIAANABNITLAT e ulnva

<

ANNIAYaN 2 Wug

INN1IANYINAVBITTANAEANITS 3 YA
AN LAUIAYBINNNIAVBUNG 2 WUT WUIINTT
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wigwvlanaumsiiuifedluduava 6 mdaunne
nd1) nsvanaglanarainduns vinlvidnniavie
fAugeRuInnign (21.17 9u.) winuiinisugn
Aeldwaan ndwd ssuazd v Wl sl suieuiu

ﬂﬂiﬂqﬂﬂawqLL%’qﬁM'mQQGTulmmmhﬁu (19.50,

18.83 WAz 18.67 ¥, MIUAIAU) LAZWUIIAIINAIN
nIsnuarANITINAUgnlRalannsfuogad
ﬁ’aéwﬁmmqaﬁﬁﬁ%msﬂqmmqLLfifqLLazUauﬂmstfﬁ
waradn WeRarsandiwaulunuinnisugnanels
waradnddwiuluinnniinisugnnaneids laens
Ugnnelimanafindmdesiisuriluedsunniian
(33.72 Tu) waldunnansannisugnaielananasin
Aunsuazdvnfidsivaulunds 32.50 way 32.00 Tu
AINEIFU ﬁumzﬁmiﬂ@ummqLLé’aﬁﬁﬁmﬂULaﬁaﬁaa
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fian (2933 Tv) vaugdariuiludanuunnesiy
ognsilfudAndnsadd Tagnuinnisugnaneld
‘WmaﬁﬂﬁumLLazﬁmﬁaaﬁﬁumwmﬁ'qﬂ (2,646
WaE 2,628 M9.93. MUEINU) 589aINIAB N1TUN
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Wuginnaven wudinFuldadalnugeiu Aundn
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wug inuenisnldunneiaduegeddeudfy
MN9&nA (Table 2)

Table 2 The effects type of plastic film on plant growth (plant height, plant width, number

of leaves, root length and leaf area) of lettuce at 45 days after sowing

Factor Plant height Plant width  Number of  Root length Leaf area
(cm) (cm) leaves (cm) (cm?)
Type of Red color 21.17+0.66a”  36.50+0.46  32.50+1.15a 35.94+1.80 2,628+99.11a
plastic film  Yellow color 19.50+0.74b 35.72+0.52  33.72+1.37a  36.39+1.99  2,646+92.38a
(A) White color  18.83+0.56b 35.17+0.84  32.00+1.36a  37.61+1.61  2,349+78.18b
Sun light 18.67+0.23b 35.00+0.85  29.33+0.59b 34.00+1.11 2,107+42.90c
Variety Red oak 17.75+0.40b 34.28+0.38b  28.00+0.74b 37.03+1.12 2,324+84.04b
(B) Green oak 21.33+0.32a 36.92+0.50a 35.78+0.54a  34.94+1.14  2,541+40.14da
F-test A *4Z/ ns ** ns *x*
B *x *x *x ns *x
A*B *x * *x - *x

YMean values in the same columns followed by different superscripts are statistically different when compared using Duncan’s

New Multiple Range Test.

2/%%

= highly significant difference at p<0.01, * = significant difference at p<0.05 and ns = not significant difference at p>0.05

15



SANTIVYULALANASUIV NSRS 42(2): 10-24

Table 3 Interaction between type of plastic film and type of lettuce on plant growth (plant height,
plant width, number of leaves and leaf area) of lettuce at 45 days after sowing
Type of plastic Variety Plant height Plant width Number of Leaf area
film (A) (B) (cm) (cm) leaves (cm?)

Red color Red oak 19.11+0.42cY 36.44+0.71ab 28.11+0.42c  2,452.93+47.12c
Green oak 23.22+0.80a 36.56+0.63ab 36.89+0.79a  2,803.82+178.41ab

Yellow color Red oak 16.78+0.36d 34.67+0.60bc  28.78+0.46bc 2,442.88+75.23¢C
Green oak 22.22+0.60a 36.78+0.72ab 38.67+1.29a  2,850.03+142.30a

White color Red oak 16.78+0.32d 32.33+0.75c  27.11+0.61c  2,146.06+65.69de
Green oak 20.89+0.39b 38.00+£0.65a  36.89+1.21a  2,552.70+106.43bc

Sun light Red oak 18.33+0.44c 33.67+1.36c  28.00+0.50c  2,255.52+39.93cd
Green oak 19.00+0.00c 36.33+0.88ab 30.67+£0.88b  1,959.13+27.17e

F-test A*B *%2/ * *x *x

YMean values in the same columns followed by different superscripts are statistically different when compared using Duncan’s

New Multiple Range Test.

% = highly significant difference at p<0.01 and * = significant difference at p<0.05

HavasydanatainsuAuNugvaslnnIAvay
faNI1sLaseYAulavainnIAeN
\ofinnsundnsnasansevinsuilananadin
waziuginniaveulu Table 2 (A*B) nudnsnasiu
seninevilaveamatainuaziuginniaveunenis
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wanadnduns viliiaugedugeamads 23.22 v
wiliiunnsnsiueg1efidud Ay nisaiinainnisdgn
shenaradndivassitlinugeiuvesniulsaade
2222 w1, Tuvazinnsuganiuldaniegldwanadin
dundnavilinnuninmssuedsundigad 38
ga1. usiloRarsaniuiily nudniuldafivgnanels
wanadndnd oot TR uiilugeani 2,850.03
pa.ou. wildumnensfunanafnduasilaiuilud

2,803.82 713.93. WATNUIINITLUYINAIAINAERN

Tualvnsuldadnunluiede

(Table 3)
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v
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Table 4 The effects type of plastic film on total chlorophyll content (SPAD-unit) and characteristic

expression pigmented of leaf lettuce at 45 days after sowing

Factor SPAD-unit Leaf apex
(SCMR) L* a* b*
Type of plastic  Red color 18.16+0.44b"  59.80+2.26a  -9.54+1.51c 37.74+2.09
film (A) Yellow color  20.68+0.63a  50.56+3.57b  -2.88+2.83b 25.12+3.66b
White color ~ 21.37+0.76a  49.41+420b  -1.47+3.08a 23.65+4.35b
Sun light 20.12+1.23a  50.26+3.85b  -2.84+2.85b 24.92+4.00b
Variety Red oak 22.68+0.31a 38.46+1.06b 6.3+0.69a 13.91+1.35b
(B) Green oak 17.49+0.56b  66.55+1.99a -14.65+1.5b 41.81+2.27a
F-test A %*%2/ *% *% *%
B *x x x *x
A*B *x x x *x

YMean values in the same columns followed by different superscripts are statistically different when compared using Duncan’s

New Multiple Range Test.

2/%%

= highly significant difference at p<0.01 and * = significant difference at p<0.05
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Red Oak

Red color Yellow color

Green Oak

White color

Sun light

Figure 2 Effects of plastic film light on characteristic expression pigmented leaves

of leaf lettuce at 45 days after sowing

navasvdanaainsufiuRugvasinnInviausian
aMadgalunazdly
\dlefiansandvdnasauszwinsvdananadin
waziuginniaviewly Table 4 (A*B) nudnswasiu
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-3.54 (Table 5)
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Table 5

Interaction between type of plastic film and type of lettuce on total chlorophyll content

(SPAD-unit) characteristic expression pigmented and fresh weight of leaf lettuce at 45 days

after sowing
Type of plastic Variety SPAD-unit Leaf apex Leaf fresh
film (A) (B) (SCMR) L* a* b* weight (g)
Red color Red oak 19.43+0.56b 50.94+1.40c -3.54+0.81c  29.51+1.05c 115.74+3.75ab
Green oak 16.89+0.31cd  68.66+0.40a -15.54+0.24d  45.98+0.77a 107.40+4.98bc
Yellow color Red oak 22.78+0.70a 36.11+1.15d 8.77+0.25b  11.57+1.22d 125.82+£3.95a
Green oak 18.59+0.31bc  65.01+0.73b -14.46+0.54d  38.67+3.09b 129.12+6.55a
White color Red oak 23.96+0.82a 32.21+0.93e 11.18+0.58a 5.84+0.84e 107.50+2.89bc
Green oak  18.78+0.32bc  66.60+0.56ab  -14.12+0.18d  41.46+0.53b 121.04+6.29ab
Sun light Red oak 24.53+1.13a 34.60+1.17de 8.80+0.82b 8.71+0.86de  111.83+1.57b
Green oak  15.70+0.53d  65.92+0.46b  -14.47+0.32d  41.13+1.30b 94.21+3.93c
F-test A*B *x *x *x *x *%

¥ Mean values in the same columns followed by different superscripts are statistically different when compared using Duncan’s

New Multiple Range Test.
¥ ** = highly significant difference at p<0.01

HavasyliawanaRnsioNaNEAvasHNNAYEN 2 Wug
MnnsAnmavesianarainiis 3 vin
sonanAnuasinnIAeut 2 aewus wuinslgn
aeldnanafindmdesiinasotminaauaziuin
wislumndtan tnedhiatnandl 127.47 n3u/su uay
inuiedl 6.30 n3u/su sesasunfie n1sUgnine
wanafndvniuazduas dardiminanlud 114.27
wag 11157 ASu/FU Auaidy saed n15ugn
nansudaiitmiinanly (103.02 nu/su) uagtivin
wiislu (4.13 nfu/du) desdiqe 1Weeuiioy

YU NanLaz 1NNl uLRE 8909 NN Y

eaosiuglinuauuanensiunisadd (Table 6)
definnsandnsnasouszninsvianaradnuagiiug
inn1arauly Table 6 (A*B) WUBNSWaTINTEWIN
vinvosnanafnuariusinninneusotininan
Sdunaztmidnanlu Tnelu Table 5 wuininniavey
fiugn3uldaiiugnanelimanaindindos wazduag
Tidminandugailan 19.64 war 19.08 nfu/fu
MUFIAU kaznuIn1sugninniaveunsulda
wazisalsaneldnaraindindosildivmdnanly
gefign 129.12 uag 125,82 n3a/fu mudu (Table 5)
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Red Oak
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Red color

Figure 3 Effects of type of plastic film on growth of lettuce at 45 days after sowing

Yellow color

White color

Sun lieht

Table 6 The effects of plastic film type on fresh weight and dry weight of lettuce at 45 days after sowing

Factor Fresh weight (g) Dry weight (g)
Stem Root Leaf Stem Root Leaf
Red 15.42+0.97a"  10.33x0.64b 111.57+3.19bc  0.62+0.04 0.60+0.04b  5.66+0.17b
Type of Yellow 15.94+1.13a 14.45+1.37a  127.47+3.73a 0.62+0.06 0.65+0.05ab  6.30+0.20a
plastic film
White 12.80+0.95b 15.12+0.78a 114.27+3.74b  0.52+0.06 0.73+0.06a 4.99+0.15c
W Sun light  11.46+0.39b 15.04+1.44a  103.02+2.96¢ 0.52+0.03 0.59+0.03b 4.13+0.08d
Variety Red oak 11.00+0.63b 12.58+1.00b 115.22+3.48 0.43+0.03b  0.60+0.04db  5.17+0.18
(B) Greenoak  16.81+0.45a 14.89+0.63a 112.94+2.38 0.72+0.02a  0.69+0.02a 5.37+0.16
F-test A *%2/ * *% ns * *%
B *x * ns *x * ns
A*B ** ns ** ns ns ns

Y Mean values in the same columns followed by different superscripts are statistically different when compared using Duncan’s

New Multiple Range Test.

2 ** = highly significant difference at p<0.01, * = significant difference at p<0.05 and ns = not significant difference at p>0.05
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Seed Physiological Maturity of 3 Varieties of Nakhon Phanom Local Chili

F¥21a uagns* uazAfen welesn

Chadchawarn Sangrit'* and Kitiya Phangyotha®
aniviveans AuzinenILazmAlulad NINeIaEUATHUL UATHLL 48000
Section of Plant Science, Faculty of Agriculture and Technology, Nakhon Phanom University, Nakhon Phanom, Thailand 48000
*Corresponding author: chdhort@npu.ac.th

Received: January 04, 2024
Abstract Revised: April 08, 2025
Accepted: April 30, 2025

Chili pepper is an important vegetable worldwide including Thailand. Local crop varieties have
some good agronomic and horticultural traits, i.e., disease resistance and environmental stress
tolerance. Therefore, to improve local chili production, the investigation of seed physiology and quality
is necessary to enhance chili yield. This study aimed to evaluate the relationship between fruit ripening
stages and seed quality in Prik-Pi, Prik-Phee and Prik-Khee-Noo-Suan. All of the chili varieties were
evaluated at the Nakhon Phanom University during October 2020—March 2021. A Completely Randomized
Design (CRD) was used with 3 replications and 50 seeds of each variety per replication. The results
clearly showed that colour parameters and the seed qualities were cultivar and fruit ripening-
dependent. At 45 days after anthesis (DAA) for Prik-Pi, Prik-Phee and 41 DAA for Prik-Khee-Noo-Suan
were suitable for seed harvesting as the seeds had reached physical and physiological maturity and
gave the highest values for seed qualities (%germination, %normal seedling, seedling fresh weight,
seedling dry weight and biomass). Moreover, days after anthesis could be used as an indicator of
harvesting time. That is following certain days after anthesis, depending on cultivar, chili fruits displayed

a colour transition from orange to red while remaining firm.

Keywords: germination, seed vigour, harvesting time, seed quality, harvest index
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C. frutescens (Techawongstien, 2006) k& 11
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Table 1 Plant Characteristics of 3 local chili varieties (C. frutescens)

Entry Specific traits Location
Prik-Pi lisht green unripe fruit and turned to red- Muang district, Nakhon
orange ripe fruit Phanom province
Prik-Phee white immature fruit and turned to red-orange  That Phanom district,

ripe fruit
Prik-Khee-Noo-Suan

ripe fruit

small green immature fruit and turned to red

Nakhon Phanom province
Muang district, Nakhon

Phanom province
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Figure 1 Colour changes in L*, a* and b* for a) Prik-Pi, b) Prik-Phee and c) Prik-khee-Noo-Suan

at different fruit development after anthesis (35-45 DAA)
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Figure 2 Dry seed weight of three local chili varieties i.e., Prik-Pi, Prik-Phee and Prik-khee-Noo-Suan

at different fruit development after flowering (35, 38, 39, 40, 41, 42 and 45 days after anthesis: DAA)
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Table 2 Germination percentage, normal and abnormal seedling percentage, germination index (Gl),

seedling fresh and dry weight and biomass index of chili cv. Prik-Pi

DAA  Geminaton  Normal  Abnormal Gl Fresh weight Dry weight Biomass
seedling seedling index
(%) (%) (%) (mg/seedling)  (mg/seedling)
35 071 c 3333 b 0.00 c 0.04b 0.0042 d 0.0003 b 496 b
38 13.33 ab 36.11 ab 63.89 a 0.62b 0.0152 b-d 0.0018 b 9.70 a
39 6.67 bc 36.67 ab 63.33 a 030 b 0.0092 cd 0.0025 b 211b
40 8.94 ab 78.33 a 21.67ac 057b 0.0329 ab 0.0029 b 10.35 a
41 4.67 bc 100.00 a 0.00 c 0.38b 0.0257 a-c 0.0028 b 8.34 a
42 6.67 bc 2381 b 4286ab 033 Db 0.0206 b-d 0.0019 b 6.20 a
45 20.67 a 90.30 a 9.70 bc 1.83a 0.0451 a 0.0063 a 6.15 a
F-test * * * *x * * *x
CV (%) 35.16 40.78 59.83 18.24 1.16 0.17 13.30

Values within a column followed by the same letter are not significantly different, * = significant at P<0.05, >0.01, ** = significant

at P<0.01. Data were transformed to the square root transformation (vx+0.5) for analysis. Nontransformed means were shown.
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Fundn wudwdndfidmidnursvesfundmnszey
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ponuy Fundnfidiminuisgsiian vy 00063
1./ (Table 2) Wuifeafundni fundnfiuwiin
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undlauananeiy agsewing 0.0041-0.0044 un./fu
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Table 3 Germination percentage, normal and abnormal seedling percentage, germination index (Gl),

seedling fresh and dry weight and biomass index of chili cv. Prik-Phee

DAA Germination Normal Abnormal Gl Fresh weight  Dry weight  Biomass
seedling seedling index
(%) (%) (%) (mg/seedling)  (mg/seedling)
35 1111 cd 52.78 ab 4722 ab 023 ¢ 0.0130 bc 0.0019b 651 ab
38 9.33 cd 21.67 bc 7833 a 0.46 bc 0.0224 bc 0.0027 b 887 ab
39 4.67d 75.00 ab 2500 b 0.25c¢ 0.0207 bc 0.0029 b 761 ab
40 2533b 70.28 ab 29.27 ab 1.05ab 0.0331 ab 0.0044 a 6.54 ab
41 18.00 bc 2361 ac 7639 a 0.67 bc 0.0242 bc 0.0041 a 328ab
42 4.00d 0.00 c 100.00 a 0.14c 0.0083 ¢ 0.0017 b 252b
45 38.67 a 85.08 a 1492 b 1.73a 0.0533 a 0.0053 a 9.13a
F-test * *% * *% *% *% *
CV (%) 46.36 35.36 37.31 49.17 0.97 0.09 23.67

Values within a column followed by the same letter are not significantly different, * = significant at P<0.05, >0.01, ** = significant

at P<0.01. Data were transformed to the square root transformation (vx+0.5) for analysis. Nontransformed means were shown.
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Table 4 Germination percentage, normal and abnormal seedling percentage, germination index (Gl),

seedling fresh and dry weight and biomass index of chili cv. Prik-Khee-Noo-Suan

DAA  Germination Normal Abnormal Gl Fresh weight Dry weight ~ Biomass
seedling  seedling index
(%) (%) (%) (mg/seedling) (mg/seedling)
35 0.00d 0.00 c 0.00 c 0.00 b 0.0000 ¢ 0.0000 b 0.00b
38 0.00d 0.00 c 0.00 c 0.00 b 0.0000 ¢ 0.0000 b 0.00b
39 51.33 bc 73.83 b 26.17a 231a 0.0354 ab 0.0044 a 7.05a
40 37.61c 82.44 ab 1756 a 2.15a 0.0360 ab 0.0041 a 7.86 a
41 7292 a 90.63 ab 937a-c 236a 0.0340 b 0.0041 a 7.37a
42 65.81 ab 87.08 ab 1292ab 3.22a 0.0392 ab 0.0047 a 743 a
45 72.84 a 9792 a 208 bc 255a 0.0425 a 0.0044 a 8.67 a
F-test *x *% *x *% *% *x *x
CV (%) 7.99 6.16 39.21 10.23 0.29 0.04 7.15

Values within a column followed by the same letter are not significantly different, ** = significant at P<0.01. Data were transformed

to the square root transformation (vx+0.5) for analysis. Nontransformed means were shown.
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Correlation between Pollen Viability, Germination and Weather Conditions with Fruit Set

in ‘Seedless’ ‘Den Khun Wang’ and ‘Bangkok Apple’ Guavas
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The study aimed to investigate the relationship between pollen viability, pollen germination,
and climatic conditions and their effects on the fruit set of three guava cultivars: ‘Seedless,” ‘Den Khun
Wang,” and ‘Bangkok Apple.” The primary objective was to identify the causes of low fruit set in seedless
guavas. Climatic conditions recorded included temperature, relative humidity, rainfall, and precipitation.
Experiments were conducted on guava cultivars grown in field plots within the 7th Infantry Division area,
Mae Rim District, Chiang Mai Province. Data analysis revealed a positive correlation between pollen
viability and fruit set across all three cultivars (‘Seedless’ r = 0.755; ‘Den Khun Wang’ r = 0.690; ‘Bangkok
Apple’ r = 0.706). Each cultivar exhibited peak fruit set during distinct periods. ‘Seedless’ guava in August
(56.54%), ‘Den Khun Wang’ in October (71.43%), and ‘Bangkok Apple’ in April and June (42.77% and
40.00%, respectively). Climatic factors also showed consistent positive correlations with fruit set across
the cultivars, including relative humidity (‘Seedless’ r = 0.246; ‘Den Khun Wang’ r = 0.296; ‘Bangkok
Apple’ r = 0.343), rainfall (‘Seedless’ r = 0.383; ‘Den Khun Wang’ r = 0.322; ‘Bangkok Apple’ r = 0.457),
and precipitation (‘Seedless’ r = 0.356; ‘Den Khun Wang’ r = 0.232; ‘Bangkok Apple’ r = 0.363). These
findings highlight the significant influence of climatic factors on guava fruit set and suggest that effective

production planning based on climatic data could improve yields in the studied cultivars.

Keywords: pollen viability, fruit set, weather conditions, seedless guava
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Figure 1 Characteristics of viable guava pollen will be dark red, perfect shape and large size.
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Figure 2 Characteristics of germinated guava pollen; the pollen that germinates will have

a length equal to or longer than the diameter of the pollen tube.
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Table 1 Percentage of fruit setting, pollen viability, and pollen germination of Psidium guajava Linn. CV ‘Seedless’, ‘Den Khun Wang’ and ‘Bangkok

apple’ for each month

Month Guava cultivars
‘Seedless’ ‘Den Khun Wang’ ‘Bangkok Apple’

% fruit % pollen % pollen % fruit % pollen % pollen % fruit % pollen % pollen

setting viability germination setting viability germination setting viability germination
Feb 2022 0.00 d 5591 ¢ 1.10 0.54 d 57.80 b 0.72 c 0.00 c 80.12 c 0.71c
Apr 2022 27.30 b 65.14 b 3.59 35.96 c 5357 b 325b 42.77 a 9211 a 32.68 a
Jun 2022 152d 59.53 bc 2.25 0.00d 4799 b 0.65 ¢ 40.00 a 88.43 ab 30.40 a
Aug 2022 56.54 a 74.89 a 3.71 5148 b 67.70 a 353b 31.20 b 86.00 abc 097 c
Oct 2022 20.00 c 62.07 bc 3.48 71.43 a 76.07 a 6.47 a 0.00 ¢ 84.42 bc 1351 b
F-test %% %% ns *x *x *x *x * *x
CV (%) 18.92 9.71 90.71 18.06 12.23 61.58 9.02 3.87 30.80

ns = not significant difference, *, ** = significant difference at probability level 0.05 and 0.01, respectively by DMRT
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Table 2 Relationship between percentage of fruit setting, pollen viability, and pollen germination of

Psidium guajava Linn. CV ‘Seedless’, ‘Den Khun Wang’ and ‘Bangkok apple’

% pollen viability
and

Guava cultivars % fruit setting

% pollen germination

% pollen viability
and and

% fruit setting % pollen germination

Pearson Sig.

Correlation

Pearson Sig.

Correlation

Pearson Sig.

Correlation

‘Seedless’ 0.755** 0.001
‘Den Khun Wang’ 0.690%* 0.004
‘Bangkok Apple' 0.706** 0.003

0.403 0.136 0.125 0.552
0.764* 0.001 0.556 0.004
0.636* 0.011 0.619* 0.014

*, ** = significant difference at probability level 0.05 and 0.01, respectively by Pearson’s correlation
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Table 3 Correlation analysis between weather conditions and percentile fruit setting of Psidium guajava Linn. CV ‘Seedless’,

‘Den Khun Wang’ and ‘Bangkok apple’

Guava cultivars Weather conditions from the 15-3"¢ day after flowering
Max Temp Min Temp Avg Temp %RH Rainfall Precipitation
O O O (mm/day) (mm/day)
‘Seedless’ r 0.044 0.206 0.238* 0.246* 0.383** 0.356**
Sig. 0.697 0.065 0.032 0.027 0.000 0.001
‘Den Khun Wang” r 0.216 0.295* 0.303** 0.296* 0.322** 0.232*
Sig. 0.067 0.011 0.009 0.011 0.006 0.048
‘Bangkok Apple’ r 0.052 0.381** 0.248 0.343** 0.457** 0.363**
Sig. 0.705 0.004 0.066 0.010 0.000 0.006

*, ** = Significant difference at probability level 0.05 and 0.01, respectively by Pearson’s correlation
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Table 4 Weather conditions from the 1-3" day after flowering of Psidium guajava Linn. CV ‘Seedless’, ‘Den Khun Wang’ and ‘Bangkok apple’

Guava cultivars Month Weather conditions from the 1%-3™ day after flowering
Max Temp Min Temp Avg Temp %RH Rainfall Precipitation
()] O O (mm/day) (mm/day)
‘Seedless’ Apr 2022 32+1.5 22+1.2 27+1.4 78+2.2 5+5.2 2+2.9
Jun 2022 29.9 23.3 26.4 89.4 0.0 1.4
Aug 2022 28+0.6 23+0.2 25+0.4 91+0.9 8+3.6 9+3.2
Oct 2022 28+0.3 21+0.8 24+0.4 89+2.2 4+2.9 5+4.4
Average 30+1.3 22+1.0 26+1.0 87+5.3 4+2.9 4+3.1
‘Den Khun Wang’ Feb 2022 28.8 15.6 22.1 55.2 0.0 0.0
Apr 2022 31+1.5 22+1.3 27+1.4 79+2.3 5+4.9 2+2.7
Aug 2022 29+0.5 23+0.0 25+0.3 90+1.6 5+1.2 5+2.4
Oct 2022 28+0.3 21+0.9 24+0.4 89+2.9 5+3.3 7+3.9
Average 29+1.2 20+2.8 25+1.6 78+14.0 4+2.2 3+2.6
‘Bangkok Apple’ Apr 2022 30+0.9 20+0.6 25+0.6 79+1.8 10+5.4 1+0.8
Jun 2022 31+0.3 23+0.3 27+0.2 90+0.1 4+3.4 2+0.5
Aug 2022 28+0.7 23+0.2 25+0.4 91+1.1 9+5.4 8+3.7
Average 30+1.2 22+1.5 26+0.8 87+5.7 7+2.6 4+3.2
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The Effect of Pretreatment Period and 2,4-D Concentration

on Anther Culture of Pepper Hybrid ‘Pak Klong’
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Double haploid lines are useful in generating material for parental line in hybrid development.
This research was to study the effect of pretreatment period and 2,4-D concentration on anther culture
of pepper conducted at Chiangrai Highland Agricultural Research and development Center during 2020-
2021. Anther culture of F; hybrid chili pepper var. ‘Pak Klong’ was performed. Anthers containing
microspores at the late uninucleate stage were collected and cultured on C medium supplemented
with 0.1 and 0.3 mg/l of 2,4-D and 0.1 mg/l kinetin. The cultured plates were incubated at 35°C for 4,
6 and 8 days and moved to 25°C in the dark for 10 days. Then anthers were transferred to R medium
containing 0.1 mg/l kinetin under 16 h day length. Forty days after culturing, embryos emerged from
anthers which were transferred to the plant growth regulator free R medium. The highest number of
embryos developed to plantlets was 5.8 plantlets/100 anthers when cultured on C medium containing
0.1 mg/l 2,4-D plus 0.1 mg/l kinetin in the dark at 35 °C or 6 day. Chloroplast counting could be used
to determine the ploidy level. The investigation of whether diploid plants were derived from
spontaneous chromosome doubling was done by using a microsatellite marker. The results revealed 18

haploid plants and 22 spontaneous double haploid from 1,270 anthers.

Keywords: double haploid lines, anther culture, pepper, pretreatment, 2,4-D
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Figure 1 Flower buds of and anther ‘Pak Klong’ pepper containing microspores at the stage of

late-uninucleate (A) and microspores in the late uninucleate stage stained with DAPI,

examined by 400x fluorescence microscopy (B)
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Table 1 Effect of pretreatment period and 2,4-D concentration on anther culture of pepper hybrid

‘Pak Klong’
Treatment Day of No. of No. of No. of Plant

heat cultured embryos regenerated regeneration

treatment anthers produced plants percentage
24-D 0.1 mg/l + kinetin 0.1 mg/l a4 207 32 7 34
24-D 0.1 mg/l + kinetin 0.1 mg/l 6 226 34 13 58
24-D 0.1 mg/l + kinetin 0.1 mg/l 8 216 13 a4 1.9
24-D 0.3 mg/l + kinetin 0.1 mg/L 4 214 22 11 5.1
24D 0.3 mg/l + kinetin 0.1 mg/L 6 207 11 3 14
24-D 0.3 mg/l + kinetin 0.1 mg/L 8 200 10 2 1.0

Figure 2 Direct androgenesis embryo and haploid embryo (A,B); In Vitro regeneration
and development of plantlets (C,D) and transplaning of In Vitro regenerated

plantlets.
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Figure 3 The guard cells of putative haploid plant (A) and putative diploid plant (B) demonstrate

the difference in number of chloroplasts
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Figure 5 Anther culture derived plants grown in the greenhouse
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Effects of the Shelf Life of Organic Seed Coating Formulations

on the Physical Characteristics and Quality of Tomato and Collard Green Seeds
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In conventional agriculture, most crops are grown from seeds coated with chemicals to protect
against diseases and pests, which can reduce the impact of unfavorable growing conditions. However,
in organic farming systems, the use of chemically treated seeds is not permitted, potentially lowering
the efficiency of organic seed utilization. Therefore, developing organic seed coating formulations can
enhance the viability of organic seeds, making them comparable to conventionally grown crops. This
experiment therefore aimed to study the formula of organic seed coating using a Completely Randomized
Design (CRD) created with four replications for three seed coating formulations: 0.3% w/v gum arabic,
0.2% w/v sodium alginate, and 0.1% w/v xanthan gum. These formulations were stored under two
different conditions: controlled conditions (4 °C) and ambient conditions (27+2 °C). The coating formula was
stored for 12 months and their physical characteristics were tested every three months over a 12-month

period. Additionally, the formulations were tested on tomato and collard green seeds. The result

60



Journal of Agri. Research & Extension 42(2): 60-74

indicated that the pH of all three formulations was initially highly alkaline but gradually decreased over
the storage period. All formulations maintained suitable viscosity for seed coating throughout the
storage period under both conditions. 0.3% w/v gum arabic film maintained 100% water solubility
throughout storage, while 0.2% w/v sodium alginate and 0.1% w/v xanthan gum films showed good
water solubility for the three months, which decreased over time. 0.2% w/v sodium alginate
demonstrated formulation the highest radicle emergence and germination percentages for both tomato
and collard green seeds compared to other formulations. Therefore, organic seed coating prepared with

0.2% w/v sodium alginate stored in controlled conditions for 12 months is recommended as an effective

organic seed costing for coating tomato and kale seeds.

Keywords: seed quality, organic seed enhancement, biopolymers, organic farming
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xanthan gum 0.1% w/v dmsuundussruseneu
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Table 1 The component of the organic seed coating formula

Organic seed coating

Organic seed coating formula

components Formula 1 Formula 2 Formula 3
Gum arabic (w/v) 0.3% - -
Sodium alginate (w/v) - 0.2% -
Xanthan gum (w/v) - - 0.1%
Additive type 1 (g) 1 1 1
Additive type 2 (g) 0.1 0.1 0.1
Additive type 3 (g) 0.2 0.2 0.2
Distilled water 98.4 98.5 98.6
nsLARBUNANNUG NSUUANKANITNAADY
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Table 2 The pH of the coating formula after being stored under different conditions for 12 months

Treatment Storage period (months)

0 3 6 9 12

Controlled condition

Gum arabic 0.3% w/v 8.53a' 8.63 a 78 a 753 b 7.40 ab
Sodium alginate 0.2% w/v 8.67b 8.63 a 77b 7.60 a 7.60 a
Xanthan gum 0.1% w/v 8.40 ¢ 8.43 b 7.6 C 7.32c 733 b
F-test *% * *% *% *
cV (%) 0.55 0.95 0.25 0.39 1.41

Ambient condition

Gum arabic 0.3% w/v 853 a 8.63 a 7.80 b 7.73Db 7.63

Sodium alginate 0.2% w/v 8.67b 8.70 a 7.90 a 7.83 a 7.57

Xanthan gum 0.1% w/v 8.40 c 8.47b 7.60 c 7.60 c 7.53
F-test ** ** ** ** ns
cV (%) 0.55 0.54 0.59 0.61 1.07

ns, ¥, **non significantly, significantly different at P<0.05 and P<0.01, respectively

'Means within a column followed by the same letter are not significantly at P<0.05 by DMRT.

Table 3 The viscosity (cSt) of coating formulations after being stored under different conditions

for 12 months

Treatment Storage period (months)

0 3 6 9 12

Controlled condition

Gum arabic 0.3% w/v 510 c' 555¢ 6.26 C 6.54 ¢ 6.30 C
Sodium alginate 0.2% w/v 45.64 a 42.73 a 43.37 a 36.31 a 3308 a
Xanthan gum 0.1% w/v 19.08 b 15.09 b 1343 b 11.38 b 1052 b
F-test *% *% *% *% *%
cV (%) 6.40 6.98 9.37 5.77 2.80
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Table 3 (Continued)

Treatment Storage period (months)
0 3 6 9 12

Ambient condition
Gum arabic 0.3% w/v 5.10c 6.45 c 581 c 6.36 C 6.76 C
Sodium alginate 0.2% w/v 45.64 a 36.31 a 33.08 a 32.70 a 30.58 a
Xanthan gsum 0.1% w/v 19.08 b 11.38 b 1397 b 11.53 b 11.85b

F-test *x *x *x *x *%

cV (%) 6.40 3.65 6.91 7.16 5.2

**significantly different at P<0.01

'Means within a column followed by the same letter are not significantly at P<0.05 by DMRT.

Table 4 The solubility percentage of coating formulations after storage under different conditions

for 12 months

Treatment Storage period (months)
0 3 6 9 12
Controlled condition
Gum arabic 0.3% w/v 100 a' 100 a 100 a 100 a 100 a
Sodium alginate 0.2% w/v 80.54 b 80.54 ¢ 14.01 ¢ 11.02 c 6.19 c
Xanthan gum 0.1% w/v 84.78 b 86.78 b 35.14 b 31.52b 16.08 b
F-test *x *x *x *x *x
cv (%) 2.58 2.23 3.56 4.42 0.53
Ambient condition
Gum arabic 0.3% w/v 100 a 100 a 100 a 100 a 100 a
Sodium alginate 0.2% w/v 80.54 b 79.21 b 11.35¢ 9.52 c 9.10 c
Xanthan gum 0.1% w/v 84.78 b 84.11b 30.52b 21.34 b 15.74 b
F-test *x *x *x *x *x
cv (%) 2.58 3.16 2.29 1.93 1.23

**significantly different at P<0.01

'Means within a column followed by the same letter are not significantly at P<0.05 by DMRT.
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AunansindauaaaLiusnuluanwliaiuay

gamiinud wéausuzidomadilaldsiiunig
A uandindiiUesidufinsIenNIINKINgINdINIg
WAABULLAAAI8ATSIAABY gum arabic 0.3% w/v
WAy xanthan gum 0.1% w/v LANSIAABUILAAREY
sodium alginate 0.2% w/v Silesidudnissensin
wsnlndiAsanazliwnnmieiulunisad fduwéa
filailfriunsindoudn dauasindouindaiignii
Snwluaninlyaruaug ungduadiuivaasy
SafudnALInuI1 @15AaeU sodium alginate
0.29% w/v Ua xanthan gum 0.1% wA Aignifusnmn
paoatte 12 1o duesifuinissensinusn
genduudeilaildknunsiedeuetnsiaau (Table 5)

Table 5 The radicle emergence percentage of tomato and collard green seeds after coatings were

stored under different conditions for 12 months and tested under laboratory conditions.

Treatment Tomato seeds

Collard green seeds

Storage period (months)

0 3 6 9 12 0 3 6 9 12
Controlled condition

T1 99  99a 95a 80a 89 a 84 83 82 82 88

T2 9% 91b 88ab 80a 83 ab 81 87 86 86 87

T3 98 9% ab 94a 82a 86 a 83 86 85 85 84

T4 95 8lc 83b 78b 70b 89 85 89 89 86

F-test ns ** ** * ** ns ns ns ns ns
CV (%) 539 5.02 1091 5.68 6.54 895 522 582 582 7.45
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Table 5 (Continued)

Treatment Tomato seeds Collard green seeds

Storage period (months)

0 3 6 9 12 0 3 6 9 12

Ambient condition

T1 99 99a 99a 83a 8la 84 80b 82b 82b 84b
T2 9% 88b 8b 65b T74b 81 82ab 90ab 90ab 91ab
T3 98 97a 98a 84a 82a 83 84a 93a 94a 94a
T4 95 86b 8b T77b T78b 8 85a 9a 95a 88ab
F-test ns %% %% %% %% ns % % % *
C.V. (%) 539 687 6.21 9.67 559 895 1176 8.86 8.86 7.44

ns, *, **non significantly, significantly different at P<0.05 and P<0.01, respectively

T1 = uncoated seeds, T2 = gum arabic 0.3% w/v, T3 = sodium alginate 0.2% w/v, T4 = xanthan gum 0.1% w/v

“Data are transformed by the arcsine before statistical analysis.

*Means within a column followed by the same letter are not significantly at P<0.05 by DMRT.
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wag sodium alginate 0.2% w/v §3asiiUasidua
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Table 6 The germination percentage of tomato and collard greens after coatings were stored under

different conditions for 12 months and tested under laboratory conditions.

Treatment Tomato seeds

Collard green seeds

Storage period (months)

0 3 6 9 12 0 3 6 9 12
Controlled condition
T1 98 98 99 100 a 98 a 88 87 88 87 87 a
T2 99 99 99 98ab 96 ab 92 90 90 89 85b
T3 98 99 98 97ab 98a 91 90 89 90 85b
T4 98 96 97 95D 93 b 91 89 90 91 85b
F-test ns ns ns ** ** ns ns ns ns *
CV (%) 756 772 647 7.15 6.31 6.08 588 5.02 541 6.17
Ambient condition
T1 98 98 98 99a 96 b 88 87 89 89 89 a
T2 99 100 97  99a 97 ab 92 84 88 90 87 a
T3 94 98 98 100 a 98 a 86 87 87 91 87 a
T4 98 99 99 9% b 96 b 91 86 89 93 84 b
F-test ns ns ns *x* * ns ns ns ns **
CV (%) 756 581 8.04 534 3.87 680 643 447 553 593

ns, *, **non significantly, significantly different at P<0.05 and P<0.01, respectively

T1 = uncoated seeds, T2 = gum arabic 0.3% w/v, T3 = sodium alginate 0.2% w/v, T4 = xanthan gum 0.1% w/v

%Data are transformed by the arcsine before statistical analysis.

*Means within a column followed by the same letter are not significantly at P<0.05 by DMRT.
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\WasuwUases pH nsasayAulavesdundluans
\ieu uazn1sgatuANdy datenundonaiy
anue i liilasaasiuwagnisagateunuilauves
xanthan gum wWasuulasly (Petri, 2015)
drumsdsuvesnunmadaiuguzide
WAkaZIUaANUS Az A s uansind oulaniug
Tuwsasieudnsiusnuiluanmndesiiuanei
AULANUNABUTIAULLER HANITNAABINUT
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4
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0.2% w/v Faaunsaazarsinlaavilfudnla sy
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wialdd1tu Fuhvonnutuiignaedudilegis
F1 9 agnIed un1Ivuvesoulesng 9 iy
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(Bewley et al., 2013)
d3UNan133Y
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£ 3 A 4
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v a
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1. pH YasEITAdouTa 3 Mfunderiuly
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$nwvia 2 anw fienaminegludisiivnzauuas
\ndoutidniusléaiiaue

3. Wl uflduvesasndaudnnug sy
oum arabic 0.3% w/v @1u1508za18u1 e 100%
naeA MUY 2 anm dusuuHuidumes

A19LAR BUAISU sodium alginate 0.2% w/v Wag
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xanthan gum 0.1% w/v @11150aganeulan buaas
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Evaluation of Eighteen Thong Lanna Pumpkin Varieties
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Eighteen varieties of Thong Lanna pumpkin have been registered as new plant varieties under
the Plant Variety Protection Act of 1999 through a collaboration between Rajamangala University of
Technology Lanna and the National Science and Technology Development Agency. This study aimed
to evaluate the performance of these 18 Thong Lanna varieties alongside 4 standard varieties. The
experiment was designed as a randomized complete block (RCB) with three replicates over three
seasons (November 2019 to March 2021) at an experimental plot in Lampang Province. A combined
analysis in RCB across the three seasons revealed no statistically significant differences in harvest period,
total solid content, soluble solid content of raw and cooked flesh, or firmness of raw and cooked
samples. The Thong Lanna varieties exhibited a harvest period that averaged 7.9 and 3.9 days longer
than the standard varieties. Total solids content in Thong Lanna varieties averaged 17.7 and 18.49%,
which was lower than the standard varieties, though Thong Lanna varieties 11, 17, 18, as well as standard
varieties 1 and 2, contained solid above 19.0%. The soluble solids content of raw and cooked flesh was
also slightly lower in Thong Lanna varieties (averaging 9.9 and 10.9%, respectively) compared to standard
varieties (10.2 and 11.1%). Notably, Thong Lanna varieties 10 and 17 achieved soluble solids content
exceeding 11.0%. During the rainy season (June to November 2020), yields increased, with higher number
of fruits per plant and greater fruit weight observed. By applying independent culling selection, Thong
Lanna varieties 17, 10, 18, 1, 6, 8 and 14 were identified as having superior economic traits compared

to standard variety B.

Keywords: pumpkin, Cucurbita moschata Duch. ex Poir, registered plant varieties, yield, quality
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Alesumsaanzideuiug ielvdmumsy ey i
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AU SaAvETNNUTAINeFans
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WeUsziduitugnesdiuun 18 siug saufdusiug
WIATFIU 4 Wug MrunImaasswuuguluuden
auysal (RCB) 91u3u 3 %13 gaugn luwlameaes
W WazIA121 ANLUTUTIUTIN (combined
analysis in RCB) v@4 3 9ugn s¥ninangaAinney
WA, 2562 9 du1A w.A. 2564  JmrinaU wudn
Fra9a 1A uA B2 Usunavesuds Usuiuweauds
samnfiazanetildvesdonuuazan armuiiuves
odvuazandanudueniud Weliasesinny
LUTUTUTIN NUTRUS Mesd U ALed ved
PrananiufennifuginasgIu Wiy 7.9 uag
3.9 U uazUSuuveauds wul Wugvesduund
Aedetiosniniugumsgiu wiidu $esas 17.7 uay
18.4 uagiugneaIuwl 11, 17, 18 Wugu1nsgu 1
waz 2 fusunaveudannndt fovay 19.0 Usuia
vosudefmuniiazansiildveiofvuaran wui
wugnesduuniidnadedosniniusiinsgiu wihiu
Segay 9.9 uay 10.9 U 10.2 wag 11.1 WugnosIuw
10 uag 17 SUFumvedsianuadiazaneild
voadlofunaranuinminfesay 11.0 msUgnlungwy
ey WEU e WAANBU WA, 2563 WUIHAKER
FurunarioRy wagthminuaunniigadu q n1g
AnLaanee19dase (independent culling selection)
NUIINUENOIa1UWT 17, 10, 18, 1, 6, 8 wag 14

a v

NuaEATYFRINANIIMUTIINIFIU 2

Adfey:  Ainves Wugaansileou wawndn Amuaw

Hnneuduignand1unIusssuT IR LazNy
918 ouneenieugnsTNes dnwazauALay
WL BLUTENING Seuay 40-44 (Wehner, 1999)
n1sUfulsaugiinnesieunisdndeniuglineania
a1eNuUgU (inbred line selection) n3an13Anden
LUU24AT (recurrent selection) N15AALE BN AU 3]
Snwairiideansuasnauiieiudoiuaulimenug
wit At uiluadraduiuggnaand or (ingle
cross) WugnsAnlueundnduiuggnuanaiuni
v3egnuag d1un1suTulTeiusuuuTuinUsein
(pedigree method) WAz A ALA BNLUUNY (mass
selection) ansariueuasiaueliuszansves
WugnauUaes waganunsaldidnaunau (back cross)
UiugvSemeniusfitidnuned Tnevhluuddnas
AduinguizasdvasnisFudgsiugitnnes leun
UTUTMHANA MG NITUARIABNLNALT 8g
(gynoecious type) N1SNAADUNUT LUTEEEUTN 9
fnegldisdadisasmludnuusfiueadiuld
SnuniznauarAnaaiiate FumuselsALazLIAs
AanNNsUilaags savidowdoanasvay
Uiunavesudageuazdedidy Usuiuvesuds
anuafiazarounldge uasiiloaraiuggnuan
Feldsuanuioalugnamnssuudaiugvedan
\esanlinandnuaznaninnisuilnaadiiaue
(Khanobdee, 2020; Mark, 1986; Paris, 2016) n19
Ufuugeiugilnmesil oufi uansngnuiadl 4 ady
anwazUTinadduvanganiuanyilinisuTuyss
fuggaernundu (Paris, 1994) SnwmuzifaTuna
WU HaRER YUIRKa USunaveawds nsusziliuiug
Foshmaranmuanden anuil 0g uazvhdniile
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WA5UINTUSURIVRNIUS (Loy, 2012)
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WIngaemAlulagsvNeaa UL TaNiU
dunauNauIneIeansuazinalulag uisyd
Tuﬂﬂiﬁ’ﬂ(ﬁg’lwu'aw?mw’ﬁyaw‘”uqmimﬁmqﬁum
581714 2550 Aadaqdu laefifnguszasdiilo
msu'%mﬁﬂﬂm%yaﬁuqﬂiimﬁmaﬁ wei LAl Whenan
ilnnes wazazsy uaznsaiieUszrInsfiugiuves
s uaziinneaileativayuensmnssusdnsiug

nsaseaneiuslaensannaieiugiiuis
\Aeateaiunswauiug seninaduiiviifeadody
W30YIANY MIaUsINUYJuswAUlagldIsnsHay
\dondn wayisnsfideuiian Ae In1snandie
(selfing) fUszANS Amlun15Us B uuied snruAN
dnunrilifesnisoonly anunsaiiunuivesdy
wazLiiusERuANLAITIT UGN TIvesBUARTuNS
Sadenusazdn (Sleper and Poehlman, 2006) %58
nsAnLdeNHUIAenAINIIHANTUS WU N1sARLEeN
wuvantuiinusg3d Sensdnideondnuarnisnnnim
aunsadmdenlaludadu 9 widndudnvauzids
USunadessedmdenlutings g Ssagldnaviioliie
finnunsimstugnssugeannou deazeglutad
6 fia 7 {Uusiuly (Khanobdee, 2020)

Khanobdee et al. (2001) UsgtiuNanan
PIAUTENOUVDINANG A LALAUAINYDINNNDY
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(Khanobdee et al., 2018)
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Protection Office, 2024)
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HAKER 3 g9 nuITuIVesd LU N YaENINAI
Wuguinsgu laun wandnrals 2.5 way 2.1 fu
Srununasiefiy 1.7 wag 1.5 e Paaaniuifen 7.9
ua 3.9 Yu uginesgiudiwiinuainniiusnes
duun Wiy 2.4 way 2.0 Alanfu Aedenandn
aals 3 g9 nudiugnesduu 1, 12 way 14 T
HANARABLININNTT 3.1 Al TIWIUNAADAU WUT
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wWaTgNUINNI1 Seuag 11.0 druiuguInsgIu
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nsUgnlugaru sevinediguiey 9 nanay
w.A. 2563 Winandnunnninggdu 9 nuiAnadses
oumniigegn fan wazUinasuinnninggi 1 uas
3 WU 34.2 wag 24.5 saAnealged fu 26.2

Tafwns 99N 1 uae 3 seninangeRnIeu w.e. 2562

89 duney w.A. 2563 AU WATNIEU W.A. 2563 D9
Wwiwgn W.el. 2564 Tgampigaiadetiosninggh 2
uazUFurudud'aena 1 (Thai Meteorological
Department, 2024) (Table 2) finvoaaieydulalan
Tuanmerniafeulazus gumnliinzausening
22-30 peAgatfua linuaunurnduda waz
YrinnsRsyiulnnaznaunasiuanngungd
iR 15 uag 10 sarmwaiTea (Khanobdee, 2020)
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[ 1 v 6

TanuauziAsygnananiiuguInsgIu 2 (Table 3)
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Table 1 Yield and effected yield components of 18 original pumpkin varieties were evaluated 3 crops during November 2019 to April 2021
Number Variety Yield/rai Fruit/plant Fruit weight Harvesting  Solid Total soluble solid
1 2 3 Avg 1 2 3 Awva. 1 2 3 Avg peroid  content Fresh Cooked
(1) (t) (1) (fruit) (fruit) (fruit) (kg) (kg) (ko) (day) (%) (" brix) (" brix)
1 Thong Lanna 1 1.0 7827 18 3.5 1.1 bc 45a 2.3 ab 2.6 1.0 ef 24 fg 1.4 o 1.6 ab 92ad 17.7de 9.9 c-¢ 10.7 a-e
2 Theng Lanna 2 1.5 4.2 bg 16 2.4 1.2 bc 3.1 bc 2.0 bc 2.1 12df 21ch 13 hi 1.5 ab 4.7 d 17.7deg 100 b 116 a
3 Theng Lanna 3 1.1 36 cg 18 2.2 10c 23 cf 1.8 bc 1.7 09 f 24 fg 1.7 ci L7 ac 5led 178de 100bf 110ad
4 Theng Lanna 4 1.6 36 cg 13 2.2 10c 1.6 df 12 ¢ 1.3 15df 40ac 20ce 2.5 ab 58cd 177 ds 8.9 fa 93 fo
5 Theng Lanna 5 1.5 49 be 14 2.6 10c 23 cf 1.5 bc 1.6 16ce 29dg 16di 20ad b5lbd 169fg 94 d-g 99 dg
6 Thong Lanna & 1.5 45 bf 23 2.8 10c 24 cf 1.7 be 1.7 16 de 27eg 17ch 20ac 70ad 184 bf 95 dg 98 dg
7 Thong Lanna 7 1.5 53bd 16 28 10c 24 cf 15 bc 1.6 15df 33c¢f 22bd 23ac 5led 151 hi 86 g 90 ¢g
8 Thong Lanna 8 1.7 38 bg 15 23 1.2 bc 23 cf 1.7 bc 1.7 18b-d 25fg 1.7 ci 20ad 91ad 184bf 96 dg 101 cg
9 Thong Lanna 9 1.7 41 bg 15 24 1.0 bc 1.5 df 13 ¢ 1.3 18bd 35be 18ch 24ad 106ab 174defc 101 bf 105 af
10 Thong Lanna 10 2.0 38 bg 11 23 15b 20 cf 1.6 bc 1.7 17bd 28e-g 12hi 19ad 11la 186 af 1llac 113 ac
11 Theng Lanna 11 1.8 25 e-g 13 1.8 1.1 bc 1.6 df 2.0 bc 1.6 17be 23fg 1.1 L7ad 77ad 204a 106 a-e 102 be
12 Theng Lanna 12 1.5 65 ab 13 3.1 1.1 bc 4.0 ab 13 ¢ 2.1 15df 241 1.5 f4 18ad 62ad 175ds 9.8 d-g 98 de
13 Theng Lanna 13 2.5 4.0 bg 21 2.9 1.1 bc 248 cf 1.6 bc 1.7 23b 26eg 2lbe 23ab 90ad 140i 9.8 d-g 98 de
14 Thone Lanna 14 2.1 5.3 bc 2.1 3.2 10c 2.4 c-f 14 c 1.6 23 b 33 ¢t 21 cf 26ac 118a 17.1 fe 9.2 eg 96 e-g
15 Theng Lanna 15 2.2 1.9 fg 16 1.9 1.3 be 1.1 ef 13 ¢ 1.2 18bd 20sh 1l6ci 1.8ac 100ac 181df 107ad 104 af
16 Thong Lanna 16 2.0 3.0 c-¢ 18 2.3 1.0 bc 1.2 ef 13 c 1.2 2.2 bc 38ad 22k 2.7 a-c 71ad 17les 93 eq 9.2 fo
17 Thong Lanna 17 1.5 42 bo 13 23 1.1 be 25 ce 1.6 bc 1.7 14 d-f 26e-g 16 cHi 1.9 a-d 99 a3-c 203 ab 111 a-c 111 a-d
18 Thong Lanna 18 2.0 48 be 16 2.8 14 bc 30bd  18bc 2.1 156df 25fg 1.5 e 18bd 83ad 192ad 107ad 103 bf
Average : Thong Lanna 1.7 4.3 16 2.5 1.1 24 16 1.7 16 2.8 1.7 2.0 79 17.7 0.9 10.2
19 Check A 2.1 25 dg 14 2.0 1.2 bc 1.5 df 1.6 bc 1.4 17bd 24fg 1.5 dhi 1.9 cd 54bd 191ae 115a 113 ac
20 Check B 1.9 34 cg 14 2.3 1.2 bc 1.3 ef 12 ¢ 1.3 18bd 47a 2.7 ab 3.0 ac 40ed 201ac 113 ab 115 ab
21 Check C 2.2 15 ¢ 19 1.9 22a 20 cf 29 a 23 12df 14h 1.1 13d 53bd 183cf 115a 114 ab
22 Check D 1.5 30 cg 22 2.3 03d 1.0f 1lc 0.8 30a 45ab  28a 34 a 09 e 16.0 oh 95dc 103 bg
Average : Check 1.9 26 18 2.1 1.2 1.4 1.7 1.5 19 3.2 2.0 2.4 39 18.4 109 111
F-test ns = ns ns = = = ns > = = ns ns ns ns ns
Ftest Season * o w*
Variety = = = =
SxV = = =
CV (%) 275 35.0 356 229 33.9 286 203 18.2 18.3 30.6 99 11.6 113

1/,

ns,*,**non significant and significant at the level 0.05 and 0.01, respectively

“Means followed by the same letters were not significantly at 0.05 level by DMRT.

Crop 1 = November 2019 to March 2020, Crop 2 = June to November 2020 and crop 3 = November 2020 to April 2021
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Table 2 Annual temperature and precipitation for Lampang province during November 2019

to April 2021

Crop Temperature Rainfall (mm)
Maximum (°C) Minimum (°C)
Crop 1
November 2019 33.6 20.0 0.5
December 2019 317 14.8 0.3
January 2020 339 16.3 0.0
February 2020 35.6 17.7 0.0
March 2020 39.6 214 0.1
Average 34.9 18.0
Total 0.9
Crop 2
June 2020 36.2 25.2 4.5
July 2020 36.0 254 1.9
August 2020 33.2 24.4 75
September 2020 33.9 24.6 7.2
October 2020 31.6 23.1 5.1
Average 34.2 24.5
Total 26.2
Crop 3
November 2020 333 20.2 0.0
December 2020 31.6 154 0.0
January 2021 31.2 147 0.0
February 2021 34.5 17.5 0.7
March 2021 38.7 22.1 0.1
April 2021 35.9 23.6 55
Average 34.4 18.6
Total 6.3
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Table 3 The independent culling level selection of yield and yield components of 18 original pumpkin

varieties and checks were evaluated 3 crops during November 2019 to April 2021.

Number Variety Yield/rai Fruit/plant Fruit weight Harvesting period Solid content Total soluble solid Total
Fresh

() Order (fruit) Order (kg) Order (day) Order (%) Order (O brix) Order Order
1 Thong Lanna 17 2.3 11 1.7 6 19 12 9.9 5 20.3 2 111 4 40
2 Thong Lanna 10 2.3 11 1.7 6 19 12 111 2 18.6 6 111 4 41
3 Thong Lanna 18 2.8 5 2.1 3 1.8 15 8.3 9 19.2 q 10.7 6 42
q Thong Lanna 1 35 1 2.6 1 1.6 20 9.2 6 17.7 12 9.9 11 51
5 Thong Lanna 6 2.8 5 1.7 6 2.0 9 7.0 12 18.4 7 9.5 15 54
6 Thong Lanna 8 2.3 11 1.7 6 2.0 9 9.1 7 18.4 7 9.6 14 54
7 Thong Lanna 14 32 2 16 12 26 4 118 1 17.1 17 9.2 18 54
8 Check B 2.3 11 13 17 3.0 2 4.0 21 20.1 3 11.3 3 57
9 Thong Lanna 9 2.4 9 1.3 17 24 6 10.6 3 174 16 10.1 8 59
10 Thong Lanna 13 2.9 q 1.7 6 2.3 7 9.0 8 14.0 22 9.8 12 59
11 Thong Lanna 12 3.1 3 2.1 3 1.8 15 6.2 13 17.5 15 9.8 12 61
12 Check A 2.0 19 14 16 1.9 12 5.4 15 19.1 5 115 1 68
13 Thong Lanna 11 18 22 16 12 1.7 18 7.7 10 204 1 10.6 7 70
14 Check C 1.9 20 2.3 2 13 22 53 16 18.3 9 115 1 70
15 Thong Lanna 2 2.4 9 2.1 3 1.5 21 4.7 20 17.7 12 10.0 9 T4
16 Thong Lanna 15 1.9 20 12 20 1.8 15 10.0 q 18.1 10 10.7 6 75
17 Thong Lanna 3 2.2 17 1.7 6 1.7 18 51 17 17.8 11 10.0 9 78
18 Thong Lanna 16 2.3 11 12 20 2.7 3 7.1 11 171 17 9.3 18 80
19 Thong Lanna 5 2.6 8 16 12 2.0 9 51 17 16.9 19 9.4 17 82
20  Thong Lanna 7 2.8 5 16 12 23 7 51 17 15.1 21 8.6 21 83
21 Thong Lanna 4 2.2 17 1.3 17 2.5 5 58 14 17.7 12 8.9 20 85
22 Check D 2.3 11 0.8 22 3.4 1 0.9 22 16.0 20 9.5 15 91
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Guidelines for Evaluating the Efficiency of Biochar in Reducing Soil Acidity
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Evaluation of suitable application rate of biochar produced from various agricultural and agro-
industrial materials is required to serve as a guideline for farmers. Therefore, this study aimed to
determine the optimal application rate of biochar and assess its potential impact on early plant growth.
The study consisted of three main steps: (1) optimizing the biochar application rate before conducting
a pot experiment, (2) studying the chemical and physical properties of the selected biochar and (3)
evaluating plant growth responses. The initial experiment involved incubating acidic soils with known
lime requirement (LR) alongside biochar derived from spent mushroom substrate (SMS) and coconut
shell (CS), which was mixed with slaked lime (L). Five treatments were tested: SMS 0.5LR, SMS 0.75LR,
CS:L (3:1) LR, and CS:L (1:1) LR. A completely randomized design (CRD) with 3 replications was employed.
Results showed that SMS 0.5LR and CS:L (1:3) LR effectively increased soil pH without exceeding 7.5,
making them suitable for further investigation. A subsequent experiment was conducted in a randomized
complete block design with six replications. Treatments included slaked lime at LR, SMS at 0.5LR, CS:L
(1:3) at LR, and recommended chemical fertilizers, compared to untreated acidic soil. Plant growth
parameters, including leaf greenness, and nutrient deficiency symptoms, in baby comn (Zea mays L.)
were determined. Results indicated that both biochar treatments enhanced plant growth comparable

to the lime treatment.

Keywords: soil acidity, biochar, precise rate, growth performance

85



5ANTIVYRALAWFTUIVINSNEAST 42(2): 85-96

UNANED

druTanmiivinantangnenisinunsias
PREVNTIUNYATNAEYTAAITITTNTUTZUNUEN T
Adiiodunmedmiuinuasns fedu Tunsnw
13 vmquarasdii omsnsnisldaudannd
winnvanuazUszludneninveanisldaiudinm
MnnsesiulnvesiivlusrerSudiu lnsuiady 3
fumeu fio (1) Mamdhnivangavvesdudinin
neuAnlienuImMaassiun1sugniglunszans (2)
ANANTRNIWATLAENIEATNVDITUTININ Uag (3)
Uszillunisneuauesasity nsdnwusnidunisuy
Aunsainsusniaudeantsyu (LR) Saufun
FanmiwIeuainfewdewia (Spent Mushroom
Substrate: SMS) haznzaiugning (Coconut Shell:
CS) finanfuyuvn (Slaked Lime: L) Usznausie 5
35175 LAwn AIUAN SMS 0.5LR, SMS 0.75LR, CS:iL
(3:1) LR uag CS:L (1:1) LR 219UNUAISNARBILUUEY
auysal $1U9U 3 91 NaMIANYINUTN N35AT SMS
0.5LR wag CSiL (1:3) LR 1iunssudsaivinliean pH
2z

Winduldiiy 7.5 F9Aadannssudsaanand Juneu

ARNIINLKNUNITNARILUUdNaNY Tl § 4 n3TUTT
S0 6 9 i AIUAN YUV1I8MIT LR, SMS 0.5LR,
way CSiL (1:3) LR wazlad sadnudnsiuugin
1AEW A1TUINITABUAUDIVDIT 1 InaR Ne BU (Zea
mays L.) arunsiaseyiaule anudenveslu 91013
YINTIHBIMNTNY NISANYINUIT NITEAWTINN
Weaewidavilinsies i ulnve s lnailng ou
Liwnnsnsanmsldyuumn

ANEARY:

v

AUNTA DIUTININ BRI WaiUEN

nsLasLAule

AN

a1ug3010 (Biochar) TAnga1nlunis
UFuusaaunsasieaautinateusents wu au
Frnmanldymduda Tanannistesaaisuuy
1¥90n319u (digestate) Ll o1 gaumniiga A
Husnefi fauduius SuuSuna CaCo,, MeCOs,
Mg(OH), waz MO 1udu iinn1sld H 91nnasil
OH wenfrpananryilsAduiuedn uaznisldau
Fanmdaeifiuanuannsalunsgadasinenis
anudulsslovivessige s uazifiunsgelisng
2 INlA (Singh et al., 2017; Tusar et al,, 2023)
Haduidsmadonuaiunsovesdiudaninlunis
WaA1Anudunsa-a1esiy (pH) vesiuinane
Uszns wu wievesiu anuginmesvesiu sauly
feviinveaingAviiliuasguugfifir ingAuauin
Wuauganm (Bolan et al, 2023) Favu lunis
USUUTaAUNIANEAIUTININTITANUTUNIZ VRS
Hadesifunazviinueduianmild

fufiidunsadaiansndnuin (pH 4.5-5.5)
Andu 46.83% nszargeglunnaiavesusyindlne
(Land Development Department, 2015) V‘\Tyuﬁl i1
msineastuniawmiediulngduiiainduddou
Anutuiy 35% viliaudunsaainnisyedis
Fanwnsnsanlvgjaviasnsuuugsiunsase TagUu
esaniimdnunsiliniseudadanudiun
wazensensURRnY vuzfeiutanmdoion
nsinwasiaamainvatsuazmlénaly niside
shenswnluiilasadiedagmmiuduaiunasnini
suLssegrell 09T (Suriyawong et al,, 2023)
mshandanmiletfuuwduldfunsduaiuedng

Aoltlos nsdsunlasa pH annstaaudinw

86



Journal of Agri. Research & Extension 42(2): 85-96

Tinadiumnsineiu tesannen pH vesiuselugy log
scale TnuAutd unsadauin (pH<4.0) A1 pH 9
dindusnnndiduiiden pH aglugag 4-6 mslddiu
Fanmensn 0.16-1.6 su/ls Tufunse daulvg
Alnananiadu 15.1% arunduswesduianm
dAeduldain 4 Jode Thud YSinanndefiazasls
Wil Usunumnsueiun eonlenuazlansenlanueg
Tavgiiavansldunedin uazUSunaddnmluingiv
dmvsinandndudinansdaniuaiuisalunis
UfuugsAunsavesaudainimlauinnin 1iesann
wansisUinnweslismuaranseiunidivasvie
Mendannswn snududinmdldanwnay
(rice husk) tHosmndudildandam (Singh et al,
2017)

finsauednmsdunsasauiinmdie
Wnldlunsuiulsdiunse udidesendetoyaninug
JrineivafunazAauyaveiaalfeuaIsuaLun
Y990 1UT 301N (%CaCOs-eq) (Liu et al, 2005;
Kissel et al,, 2007; 2012; Thompson et al,, 2010;
Singh et al,, 2017) udfigIUsFIENITUNAUAIAY
Fanmmusasiiduanld Samuiigudininiili
fin pH vosiuiintudy 6.0-6.5 sgrdlsfiny n1sld
a1udinndnat1aAeInIiavesingfunasy
pumglildlunisunaudinmisuiu Taedademdn
WaanUsunuvedndleadnezlsuifnlalasaisveu
(Polycyclic Aromatic Hydrocarbons: PAHs) 119
Yuiddeulanzanin an pH tagAnsi i (EC) 57u
lUdwnnnslduazviinvesiulinaneanuiduiv
Y890 14T 101N (Godlewska et al,, 2021) ety
ideiinguszasdiiomsnainislaniudanm
fmngaukazssiudneninvesnisldaudanm

nmstaseiulavesialussazauu

gUnsaluazisnIg

38 nsmmunsasinisldaudaininiile
U5UU39AunIALs 491AN1IME N7 Lz ay
(optimization) ¥a4a1uFIN N IAgTdYuv17 (slaked
lime) \futaguiuussAuidieudss antduisdaiden
asUuUTsAUAINNITUAT AV TRAY pH LA 7.5
1317 ug i uilfaudhunAnvisednsam
1AgNANTUNNINATABUAUDIVDINY

duinmiilflunmeasandeuaningiv

[ [ a & & Ao [
] Uuaaamaammﬂqma’mmmLﬂwﬂuwumqmm

D.

205ANE lawn Ao ainulIain1anlde1anisn

]
a

Aldarusadindulusadudowdialasn (Spent
Mushroom Substrate: SMS) Lagnza1ugni1231n
$ruduthingdian (Coconut Shell: CS) ﬁ]’]ﬂ‘tfuﬁﬁjﬁﬂ
wiazwdaieanaud uroumuuuldoondiaum
(pyrolysis) adunsuniildniseulmnueuazan
wazdaliiedlaedi Tagavldldgninilaense Tne
ouvnfiazoglugag 700-800°. lun1sAnuiduney
7 1 Waudnmitunasden dautuneud 2 uas 3
Weugamiiiunssaia Tnefhiutafudends
10% Tagrhuiin/Usanms Wushusyan wazldindos
upomsdnidunTosdnslunisduguidudnuasy
N3INTTUBNEUHIUAUGNAUTENI 0.5 93, A
8171u 29 0.5-1.0 oy, 91nYuthluninauusis
swazSunvasmsineiudeandu 3 duneu fil

YUABUN 1 NITUIDNTINNUILAUVDIAIUTININ

a d' 1< o a al'
funlglunisnaasadusiwnuaunsannuly

€

v
U A a

uaadu eAusuUunTe Nldugnitvdsusdinig

a

e =

manivasdaningnsang laud viSeunasduns

ASAMONUANTUSEULIUNEATVOIBLNBAULS LAY

Y

-0

87



5ANTIVYRALAWFTUIVINSNEAST 42(2): 85-96

dulzsarieu Tuiufisnen ihauaosin
UI1U1A1 pH w15, pH meter) LagA1A21Y
#04n15Yu (Lime Requirement: LR) Ingldyanageou
Aufifanlaeanzinunsmans ininedededn
Tneduudazyidaia pH 3udu fe 574 uway 592
wazdan LR 2,407 wag 375 nn./ls anudieu
nsnuidauyfgiuindmdaniwanusn
unldlusnalngtmdnuieasunmsldfanyu
TusnsiinseAldainds LR Inensanwndosdu
finsmuunsnsnoudanin 1udnsi LR, 5LR way
10LR wagiinrsnaua1ug 3 Ins aun vy uv
Tudhsndau 13, 1:1 uay 3:1 namsdnendowunui
deintndu 50 wa. 7 adunud uiliiisanese
MU isen nssudsdulvgjanunsnaraneuasyill
A1 pH vosnuiintwly 8.0-8.6 ladusszes 3 Ju
wsnvdenld Seihnisvaassdnadilaewnieumiae
NAaeIRa8n1STIRY 100 ndu Tdarvunaradn
Wusingudnans 6.5 a3, g9 9.5 wy. W eTaguiuuse
Aumunssuisnisneaes 1wy AudildugniSou
n35uIsile8ne LR AUINAINTOYA AUV
590 0.94 n$a/auaa. A1 LR 2,407 n./l9 Aieudn
15 @, asi%i’aqﬂ%uﬂqﬁuﬁmﬁﬂ 1.07 n3u dwmsu
NIENAFDI 100 NTU
IIUHUNITNARDILUUE NANY, 0]
(Completely Randomized Design) 37u2u 3 %
Tevue 5 ns3uds dnsuAuudaveiin Wud n3suis
AIUAN SMS 8m37 0.5LR wag 0.75LR uagnsuay
¢S fuyunn (CSiL) §091 LR Tudadaulaguinin
3.1 way 11 andudeinaunsidsunlaca pH
(Auth 1:5, pH meter) MenasanmMsldasusuls

AuNsEezan 3 kay 7 U

Tuneudl 2 nsAnwauaTRvasasUFuleRu
ANEUTINN

WasusuUseau laun Yuvd audanm
910 SMS uay CSiL (3:1) Akunisdaidin luiiase
n1A1 pH (Rui 15, pH meter) wag EC GORYa
1:5, conductivity meter) U3u1aLdn tunfigamgd
650°%. (ASTM, 2009) AT Y auﬁqmmqﬁ 150°¢.

(ASTM, 2017) tagAunuIkuusin (bulk density)

¥ 1
o =

Yunaun 3 N13AnYIUTEENTAINVRIAITUTUUSS
AUINNIINDUAUDIVDINY
n1snaasdlagnisugndilnaidnesu
dosniduivegdu geldsimormisunn wasdn
wansaMsnasosvsly lunsvaaosiiden
lnnzAuiiliugnyssunasduuagnsindumagey
Tagt1inIins1ERUsIUEn91MNI AL YANARB URY
wu11 TUsunaeanedad i uusslovduay
Tnuna@ouiiuaniudsuldlusedui 1aununis
naaewuuguatsluvdenauysal (Randomized
Complete Block Design) 31U43u 6 $1 4 n55u33
wisunleneasndunszanavuindurigudnans
38 . g4 28 oy, Inedsiu 16 nn. Td¥aquivugedu
wiaenssuds bown 1) Tdldyuvnuasde (auaw) 2)
Yuv17 9757 LR 3) SMS 8m51 0.5 LR wag 4) CSiL
(3:1) 8m91 LR lngnsndiildansuiulssiuagldnon
7 $u Mnduisgnivilneiingou Taeliudad1ilnn
Hngousiuiu 3 waa wazdndenduinsgiiule
ogsariiauely 1 fu udrFlddesosiiuinga 15-
15-15 dn31le 67 nn./ls wazleinsn 46-0-0 &nsn
o a4 nn./l5 Tutha 30 Jundsnissen Fadudam

Jofinugu1iniua13LAs1sviay (Department of
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Agriculture, 2005) mﬂfuﬁmmmmmﬁ@@dm A8
nmsinanunivesasulagldiesides Tanugs
uazdanmemsviasinomsiilulusses 21, 28, 35
Funda1nugn uaziaAianmdeniisves 45 fu
vdsnugn lagltinTesnaslsiladiines 8o Konica
Ju SPAD-502 Plus 34A518%M1ANLUTUTIUNTS
487 (Analysis of Variance) WaziU3uLiioua1Lade
19875 Least Significant Difference (LSD) fiszaummy
Westy 95% laelTUsunsuveedia Statistix 8.0

NAN1599Y

NANTISAN®IN 19820 UARIUY UABDY

AsANEIRIRalUl

Supeud 1 Msmsasimunzavasduianm
nsldansusudseauinlien pH voadu
Lﬁ'wﬁumﬂLﬁmaﬂwqﬁﬁaéwﬁ’zgmaaaﬁﬁgﬁwz 3 uay
7 Junasainld (Table 1) A1 pH vosRusaewin
g unusnsnisld sMs a1n 0.5LR vJu 0.75LR
wazdmsranlngtminuesyurniifudulu csi
910 31 0w 11 Seiuaviilian pH it asdiuldan
55035 7vilien pH Lﬁ@%LLﬁx@QlWN 6-7 30
ugreimunrausenisiasyivinvesity Tufu
fiugnyiSou fe n35u38 SMS 0.5LR druRuiiugn
Fudrsn f9te SMS uay CSL vaessng msdnuil
a3U71 SMS wag CSiL idneamlunisuiuusedune
fedu Sadon SMS 05LR waw CSiL (3:1) LR (fuan

UFuugsaudmiunsinuluduneusiely

Table 1 Changing of soil pH after applying soil conditioners derived from biochar

Treatment Long Lab Lae durian grown soil Huay Mon pineapple grown soil
3 DAA 7 DAA 3 DAA 7 DAA
Control 5.74e 5.74e 5.92e 5.92d
SMS 0.5LR 6.92d 6.99d 6.44d 6.31c
SMS 0.75LR 7.16¢ 7.25b 6.52¢ 6.61b
CSiL (3:1) LR 7.36b 7.17c 6.68b 6.48bc
CS:L (1:1) LR 7.62a 7.58a 6.84a 6.91a
F-test *xx *x% *xx %%
CV (%) 1.05 0.49 0.61 2.52

Means within the same column followed by different letters showed significantly different between treatments by LSD test.

*** = significantly different at P<0.001; DAA = Day After Application
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Sunaudl 2 mefnwanEuTRvasETUFUUTIAY
AMNEUYINMN
AnaNURvosa1sUTuUTIRun AT Lay
nea eI suliisuduyuund wudnan pH ves
SMS daenIyurninas CSL luvnzil SMS d
USIauLdn 68.35% 3 aunndnuianandives CSiL
(3:1) Aw 28.18% w3pUsEuI 2.4 Wi (Table 2) A1

EC U3 CSiL fAnANn31 Ao 1.21 TaaTsu/mu.
dmsurauiiu nuhasUiuusRund i
ﬁ@hmm%uqqﬂdﬂgwun AUNUIUUUTINVDIIEN)
UFuussaumnaudiinin nudtdenlndlhseiuuas
wANF199 YUY egeTARY (Table 2) Ingiindny
MU UTI 0.54-0.60 T/’ Nd1IAe asuTulsaRu
ﬁﬂfmﬁfﬂﬁl,mﬂdﬂgmn Usvaad 40-50%

Table 2 Chemical and physical properties of soil conditioners (n=3)

properties Slaked lime SMS CS:L (3:1)
pH (1:5) 12.26 8.68 10.22
Ash (%) 100.00 68.35 28.18
EC (mS/cm) 4.59 555 1.21
Moisture (%) 0.10 33.96 21.86
Density (g/cm?) 1.06 0.54 0.60

¥ '
4 I

Junaun 3 N1sAnwIUsEANTAINVRIA1ITUT U
AUINNITNDUHUBIVBINY
nMaseUauBIUNEEsAUlatmlneingou
Afivionsldansusuussiu nudnssuisiinarenis
wigAulateiuaunisesdduazauge
ot edAyneadfnasyey 21, 28 uay 35 u
ndagn (P<0.01) (Table 3) ns5uAsAfn1UTUUT
Aunagladevilitnilnaidnoswasaaulalaf
LANAN99INNTINTTAUALTTEnYzFuLATEUATY
dndlmgjnsléansusuussuanaiudaniwita SMs
0.5LR thay CS:L (3:1) LR daasunistasgytivlale

andnsldyurnifiseey 21 uaz 28 Tu uslilads

seey 35 Jundagn Tinaluuanseainnsldyuen
ﬁgﬂé’ﬂummﬂ%amaaé’wé]’uuam’amgﬂ (Table 3)

dlefiansananuderveddudnineiingeu
fiszay 45 Yu nuinsaisinavilvirnanudeves
Tutilwnosuunnasiueg 19l ved1Agyn1sai
(P<0.05) Taun15ld SMS vililut1alnadaradu
\Jeannilan fe 46.20 SPAD-unit uazlaiuansnenin
nsld CSL Tuaazieaiunisld CSL vinlianadiu
Wenunnaue liianasiuegeddedAgnieaia
Aunsldyuvninaznisaivau Ingdaiainuden
e 41.30-42.84 SPAD-unit (Table 3)
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Table 3 Stem diameter, height and leaf greenness of baby corn during 45 DAS

Treatment Stem diameter Height Greenness
(cm) (cm) (SPAD-unit)
21 DAS 28DAS 35DAS 21 DAS 28DAS 35DAS 45 DAS

Control 1.01c 1.47 c 1.99 b 8.25c¢c 12.50 c 19.16 b 4130 b
Lime LR 1.38b 276 b 321a 11.08 b 1933b  27.00 a 4221 b
SMS 0.5 LR 1.74 a 328a 353a 1291a 2166a 2950a 46.20 a
CSL(3:1) LR 183 a 308ab 346a 1408a 21.50a 2983 a 42.84 ab
F-test *x *x *x *x *x *% *
CV (%) 16.28 13.90 12.39 12.39 8.99 12.14 6.60

Means within the same column followed by different letters showed significantly different between treatments by LSD test.
**and * = significantly different at P<0.01 and 0.05, respectively
DAS = Day After Sowing

WeRarsaon1svnsigemsie wudn  Iegluwazardwdudiosuns (Figure 2a) Tuvaed
F1lnadnsaukantaINIsvInsINeanasakas  0IN1sVIRs IRk EENEILEanIeIn1TluYe 21-35
wuniifeuluszeznisaiyiduladiuandediu g Jundeaindgn laglumdessenitadulu dwluas

ansvesWeanesasudunalalionny 1421 fu  Hveuludllsunwaziiienie (Figure 2b)

Figure 2 Phosphorus deficiency symptoms during 14-21 DAS (a)
and magnesium deficiency symptoms during 21-35 DAS (b)
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NNANNAYeIBIMIVIAEIE IS TN LS
NUAAENTINIT NUINTANULANFA19AY NE1IAD
91N15vInsINeanesaausadunalalunssuds
Aruaulusyey 21 Tundelgn 91WIU 5 AU LA
aendsnniulinuenis luvmeiinisldyuen
SMS 0.5 LR hay CSiL (3:1) LR Lan$®1n1591U3u

[ P symptom ] normal (a)

Numbers of observation
o = N W B~ U0 O

21 28 35 21 28 35 21 28 35 21 28 35

1. control 2. Lime LR 3.SMS 0.5LR 4. CS:L (3:1) LR

Days after sowing

1-2 guluszazinanfiunndaiu (Figure 3a) 1wy
p1msvauunfideaind unnnssuisynszesnis
Wiaiule warduneldlaeianienssudialdans
Usudgefiu daunsaiSemugumuinEudaunnoinis
IFaendandudnlneiinseuasauivlniisves
35 U (Figure 3b)

[0 Mg symptom [ normal (b)

Numbers of observation

21 28 35 21 28 35 21 28 35 21 28 35

1. control 2. Lime LR 3.SMS0.5LR 4. CS:L (3:1) LR

Days after sowing

Figure 3 Symptoms of phosphorous (a) and magnesium (b) deficiency observed at 21, 28 and 35 DAS

39150INAN15IY

nsnandanyusiuduaiudanimdunis
Wi watruatunsalunisufuusedunsa (acd
neutralization capacity) Thuadns noauyanig
mMemnLaznaeiiveiu sludeiiviiugnuandng
fulunudndiuiild (Abeba et al, 2024; Adekiya
et al, 2024) nan13@Ane i uansliiiuIndnenm
yesauiamuanaaiumuIngAuily aziiulein
$n5n15ld SMS snganasTd CsiL (3:1) egedau
uazAUaIINldaIuTIN NIRRT pH VBsAUNTA
Maewidafiuiy winnuseulmnodsuulas
%uaaujﬁ’mmm;ﬁ’wmﬁﬁumﬁu

nsnavaussvestnnainsoulussyy 45
Fuusnd Geenistdaudanin nuiinisld sms
duasunisasgidvlauazyinliludaiaaudien
1IN EA Wi SAILanIDINITUIRs IR UL TIT N

oehastailasisaesnssuds Ao SMS vide CSiL duiu
sMs Iiandeud awiniinfivhaindidesensnns
\udndszneuaniia 90% Fadlefinnsanaaaut
vossudinmitldndidessnans wuindewmn
fianuFeugeazsilyivilsdduniluy (Quinone) uaz
a1suaila (Carbonyl) §eiiuszaaugsduilinadn
590m15UsEUINLIlauIn (Shaaban et al, 2013)
Tunsdidanindusmuenluieulosouiiozas
ponu1aneindl Juilvranudeiveslutialng
Hngouiild SMS fiagendiynnssads e1nsuinsg
wuniideuniifinduiinuaenadostunisinuives
Dharmakeerthi et al. (2012) fiwuirgudanmann
3\d ospnansniien pH 9.59 181 53 ndu/nn. i
Usinalnuvaden waaidoy winfidouiuanude
1% Ao 6,895, 9,799 uaz 908 un./nn. 1 eldau
Fanmlugng 2% uaniludgniundienanis
Wu31 Nsldarudaninisseg1afediusuusie
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21N LN OADNSIOS Y AULAUBIAUNAIY 1IN
fiffadsnslulasiaunazuundiBouanteaiaiiievh
T¥astas A vladd u uenaind n1sAnwves
Castilla-Caballero et al. (2020) WU T1UT 1NN
91nnzausns I UINIus I nwvadeu dundn
Turmeiuea@ounasuunii@ouiaidinitunn fe
9,264, 546 Uay 389 Un./AN. MUANY NTHEAUY UV
Wunssuds CSiL ddmmsiuuaaideuldigui
Jeayuuladnsinernisluy SMS uag CS TUTuw
wuntil@eulaiieanasnonisiasgiaulnaudialng
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TiyaoenTInis Fauszansamlunsusudgsdunse
yeasuTanniaesyinaziouldaineinisen
swpleaviesarinuesninssisaualurae 21 Ju
nasanugndalnaiingou Tuvueiinssisaunu
Tinvansvesimeanesanasuunii@eon Tusses 28
waz 35 Ju aeduAnanmisidnineiingeuiiennns
uaszunsulsilifianudesnissnoimsiiiaaes
yialuliuIutes LaniI1n1sasyAulavo N
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5199115909701 lnnl N auLazUTUIE19 D113
Tufiu nMsdunmeinisiaundvesisdaduiies
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FAuduwus AvuSuraan (Singh et al, 2017)
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The use of multispectral imagery from a small Unmanned Aerial Vehicle (UAVs) to monitor the
growth and yield of vegetable soybean had as its objective to monitor the various stages of growth
associated with yield by collecting aerial growth data at 4 stages from 7, 16, 31 and 61 days after sowing
(DAS), and transforming the images into the Normalized Difference Vegetation Index (NDVI) and the
visible light wavebands (red green and blue, RGB) The image data was used to establish a correlation
between the growth stage and the yield of vegetable soybean. The results of the study showed that
the area covered by vegetable soybean increased depending on the growth stage after seed germination
from a minimum 7 days and a maximum of 61 days. The green content of the leaves was lowest after
7 days and highest after 31 days. The greenness of the leaves in the RGB image tended in the same
direction as the NDVI image, with values closest to -1 at 7 days and closest to 1 at 31 days. The NDVI
value at 31 DAS had the best relationship with planted area (R2=0.86) with the highest value of 0.97
and the lowest of 0.77. Total production at the 31 DAS stage was in the range of 1,200 ¢ - 1,330 ¢/
2 m? (960-1,064 kg/rai) and the NDVI value was in the range of 0.65-0.79, which tended to increase the
yield of fresh soybean pods depending on the NDVI value (R2=0.80).

Keywords: multispectral imagery, small Unmanned Aerial Vehicles (UAVs), vegetable soybean
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Figure 1 Study area
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NDVI = (NIR - Red) / (NIR + Red) )
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1. Image collection
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4. Statistical analysis
Statistical analysis of the NDVI at 7, 16, 31, and 61 days after sowing (DAS)
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2. Photogrammetric Processing

Image alignment, density cloud, and orthomosaic
generation with PIX4Dmapper - educational
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(Fumend ¢ lu Figure 2.)

3. Raster calculations

Calculation of the NDVI based on images with
NIR and RED spectrum for the evaluation of
different vegetation indices with QGIS.
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Figure 2 Schematic representation of image acquisition, image processing and data analysis
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Figure 3 Vegetable soybean RGB (A and C) and NDVI (B and D)
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Figure 4 RGB (A), NDVI (B) of vegetable soybeans, correlation of NDVI value and area (C)
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Figure 5 Vegetable soybean yield sampling position (A) and correlation of NDVI value

and yield (B)
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Application of Near Infrared Spectroscopy to Detect Infestation of Sweet Potato

Weevil (Cylas formicarius) in Purple Sweet Potatoes (Joomoea batatas (L.) Lam.)
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This research aimed to detect the infestation of sweet potato weevils (Cylas formicarius) of

purple sweet potatoes after harvesting using near infrared (NIR) spectroscopy. The purple sweet
potatoes were obtained from Pangda Royal Agricultural Station with a total of 171 purple sweet potato
tubers composed of 86 normal and 85 weevil infested tubers. An NIR spectrometer was used to measure
the spectrum at six points on each tuber. Before dividing the spectra of the samples into calibration
and validation sets, six points spectra were averaged. All spectral data were analyzed using Principal
Component Analysis (PCA) to investigate the data’s variability. Partial Least Squares Discriminant Analysis
(PLS-DA) was then employed to analyze and classify the spectral data of normal and infested tubers.
The results showed that the PCA technique was unable to effectively demonstrate the variability in the
spectral data obtained from the two sample groups. However, the NIR spectra preprocessed by the
second derivative method and the PLS-DA technique were able to detect the sweet potato weevil

infestation with an accuracy of 92.94%. The important wavelengths for verification were 1,395 and 1,878-

106



Journal of Agri. Research & Extension 42(2): 106-118

1,945 nm. As a result, NIRS and the PLS-DA model have the potential to be used to investigate the

infestation of the sweet potato weevil in purple sweet potatoes.
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Figure 1 Spectral acquisition: 6 points per tuber, (A) front and (B) back views of sample
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Figure 2 Principal component (PC) scores plot of near infrared spectra of sweet potatoes obtained
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from different spectral preprocessing techniques, i.e., (A) original spectra, (B) standard normal

variate (SNV), (C) multiplicative scatter correction (MSQ), (D) first derivative, and (E) second

derivative
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Table 1 Partial least squares discriminant analysis (PLS-DA) results for calibration and prediction sets

Data Calibration set (n=86) Prediction set (n=85)
preprocessing R? SEC RMSEC Q? SEP RMSEP bias
Original 0.453 0.744 0.740 0.270 0.854 0.854 -0.096
SNV 0.508 0.705 0.701 0.187 0.905 0.902 -0.054
MSC 0.315 0.833 0.828 0.261 0.853 0.860 -0.140
First derivative 0.412 0.771 0.767 0.174 0.914 0.909 -0.017
Second derivative 0.868 0.365 0.363 0.707 0.543 0.541 -0.032

SNV: standard normal variate; MSC: multiplicative scatter correction; n: number of samples; R% coefficient of
determination; Q% coefficients of determination for validation; SEC: standard error of calibration; SEP: standard error of prediction;

RMSEC: root mean square error of calibration; RMSEP: root mean square error of calibration

Table 2 Discrimination results of normal and infested sweet potatoes by PLS-DA

Data Calibration set (n=86) Prediction set (n=85)
Preprocessing Normal Infestation Normal Infestation

Original Normal 35 8 32 11
Infested 3 40 10 32

Accuracy 87.21 75.29

RPD 1.171
SNV Normal 34 9 33 10
Infested 6 37 12 30

Accuracy 82.56 74.12

RPD 1.104
MSC Normal 34 9 29 14
Infested 11 32 10 32

Accuracy 76.74 71.76

RPD 1.172
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Table 2 (Continued)

Data Calibration set (n=86) Prediction set (n=85)
Preprocessing Normal Infestation Normal Infestation
First derivative Normal 33 10 30 13

Infested 9 34 10 32

Accuracy 77.91 72.94

RPD 1.094
Second derivative Normal 43 0 41 2
Infested 0 43 4 38

Accuracy 100 92.94

RPD 1.840

SNV: standard normal variate; MSC: multiplicative scatter correction; n: number of samples; RPD: residual predictive deviation

868

Regression coefficients
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Regression coefficients

Wavelenght (nm)

800 850 900 950 1000
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Figure 3 Regression coefficient plot of (A) short wavelength and (B) long wavelength from second

derivative spectra for PLS-DA model
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Effects of Different Stocking Densities on Growth Performance and Survival Rate

of Young Mountain Crab (Potamon sp. V) (Naiyanetr, 1998)
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The objectives of this experiment were to study the different stocking densities on growth
performance and survival rates of young mountain crab (Potamon sp. V). The experiment was laid out
based on a Completely Randomized Design (CRD). The seven-days-old 84 young mountain crab with
average beginning weight of 0.15+0.01 grams with average carapace width of 0.55+0.01 centimeters and
carapace length of 0.51+0.01 centimeters were raised in plastic boxes for 4 weeks. The densities of the
young crabs were different in 4 treatments i.e. 4, 6, 8 and 10 heads per 0. 18 m? or 22, 33, 44 and 55
head per m® They were fed complete feed with 32% crude protein. Weight, carapace length, and
carapace width were measured every 7 days. The study found that young mountain crab in each density
showed significant different (p<0.05) in growth performances including average increase in carapace
width, carapace length, average weight, and specific growth. There was no different in survivalrate
(p>0.05). The young mountain crab raised at 4 head/0.18 m? or 22 head/m?showed the best growth
performance and survival rate. Information from this study can be used as a basic data for further study

or development on mountain crab raising.
Keywords: mountain crab (Potamon sp. V), stocking density, growth, survival rate
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Figure 1 The female mountain crab carrying mature eggs
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Figure 2 Seven-days-old young mountain crab

Carapace

Figure 3 Methods of measuring carapace width (CW) and carapace length (CL)
(Kobayashi and Satake, 2017)
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Table 1 Average growth performance of young mountain crabs with different stocking densities for 4

weeks. (Mean+S.E.)

Growth performance

Different stocking densities (crabs/0.18 m?)

q 6 8 10 P-value
Initial body weight (g) 0.15+0.01 0.15+001  0.15+001 0.15+0.01 0.3300
Final body weight (g) 1.17+0.01° 113+001°  1.04+002°  099+004° 00133
Initial carapace width (cm) 0.55+0.01 055+001  0.55+001 0.55+0.01 0.1598
Final carapace width (cm) 1.51+0.01° 1494002°  1.46+001° 145+001° 00394
Initial carapace length (cm) 0.51+0.01 0.51+0.01 0.51+0.01 0.51£0.01 0.9280
Final carapace length (cm) 1.45+0.02° 1.42+0.01° 1.37+0.02° 1.34:0.02° 0.0227
weight gain (g) 1.01+0.02° 098+001%  088+0.03*  084+004° 00154
Specific growth rate (%/day)  7.24+0.05° 7324003°  686+0.12°  672+0.17° 00151
Carapace width gain (cm) 0.96+0.01° 0944002  091+001™  0.89+0.01° 0.0289"
Carapace length gain (cm) 0.93+0.01° 0.90+0.01%*  0.85+0.02™ 0.82+0.03° 00318
Survival rate (%) 100+000 94444555  91.66+4.16  9333+333 0.4916

"Mean+S.E. with the different superscripts are significantly different (p<0.05).
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The objectives of this research were to 1) study the context, problem conditions, and needs for
promoting the use of new media among marine shrimp farmers in Thailand, 2) study the basic personal,
economic and social conditions, the use of media and new media and opinions about factors related to the
use of new media among farmers, 3) study knowledge, attitudes, practices and factors related to knowledge,
attitudes, and practices in the use of new media, 4) analyze and synthesize the components of the new
media use model, and 5) develop and evaluate a model for new media use to promote and develop marine
shrimp farming in Thailand. The population included 40,983 marine shrimp farmers in Thailand. The sample
size of 276 farmers was determined by using Taro Yamane's formula with an error of 0.06. The sample was
sampled according to the proportion of farmers in each region. Data were collected through interviews. For
model development and evaluation, the sample consisted of 12 experts and 40 farmers. Qualitative data
were analyzed using content analysis, while quantitative data were analyzed by using descriptive statistics
and multiple regression analysis.

The finding revealed that 1) farmers utilized communication technologies such as the Internet of
Things, Database management system, Social media use and Applications for raising marine shrimp;
however, challenges remained in using new media in terms of sender, message, channel, and receivers.
2) the majority of farmers were male, with an average age of 47.17 years, an education level below a

bachelor's degree, and an average of 12.02 years of experience in raising marine shrimp. Most of them
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were not members of farmer groups/ institutions. They received news from farmer friends, training
seminars, various activities, and Facebook media pages; 3) regarding new media use for shrimp farming
promotion and development, farmers demonstrated high level of knowledge and attitude, with the
highest level of practices. Related factors included gender, age, educational level, membership in groups
and institutions, and the use of Facebook page, YouTube, and websites; 4) Components related to the
use of new media, including appropriate sender, messages, communication channels, and receivers, help
to make communication about shrimp culture farming effectiveness and consistent with the needs and
interests of target farmers; and (5) the developed new media usage model for extension and development
of marine shrimp culture in Thailand comprised the components of sender, message, commmunication

channel, and receiver. Model evaluation showed that input and process components were rated at the

highest level, while output/outcome components were rated at a high level.

Keywords: model for extension and development, new media, shrimp culture farmers
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Table 1 Using media and new media for extension and development of marine shrimp culture

in Thailand
Media type Using media and new media Frequency of use S.D.
Frequency Percentage Min. Max. x
1) Personal media*
- Other farmers 185 67.0 1 30 4.02 4.325
2) Group media*
- Training seminar 67 24.3 1 4 1.28 0.692
3) Mass media*
- television 79 28.6 1 30 4.87 7.663
4) Activity media**
Various activities related 154 55.8 1 10 1.72 1.379
to marine shrimp culture.
5) New media***
Facebook page media 219 79.3 1 15 5.37 2.575

*(times/month); ** (times/year), ***(times/week)

5) muAaiuieatuiadeanuieades
Tun1slédaludvaanuasnsfidsadmzianas
Uszialne Usgneusie 4 Ussidu i eftansan
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VeIl UTEAUNING 4 91U TagiSe9a1suATLRAe

Al UTRYAYIIENT (X=4.07) 5998911 AU U
(X=3.90) AuRdeas (X=3.88) uarAIUYTDINIINT

#0815 (X=3.86) mud1su ¢4 Table 2

Table 2 Relevance in the use of new media by marine shrimp farmers in Thailand

Issue X S.D. Meaning
1) Sender 3.88 1.112 High
2) Messenger a07 0.907 High
3) Chanel 3.86 1.099 High
4) Receiver 3.90 0.987 High

Total 3.93 1.026 High
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Table 3 Level of knowledge and practice in using new media of digital media to promote and develop

marine shrimp farming in Thailand

Level score

Level of knowledge

Level of practice

Frequency Percentage Frequency Percentage
Lowest (0-4) 0 0.0 0 0.0
Low (5-8) 2 0.7 0 0.0
Moderate (9-12) 21 7.6 10 3.6
High (13-16) 236 85.5 24 8.7
Highest (17-20) 17 6.2 242 87.7

Min.=8; Max.=18; X=14.41; 5.D.=1.536 Min.=10; Max.=20; X=18.86; 5.D.=2.270

Table 4 Level of attitudes in using new media among marine shrimp farmers

Issue X S.D. Meaning Rating
1) Sender 3.89 0.992 High a4
2) Messenger 4.14 0.906 High 2
3) Chanel 3.99 0.990 High 3
4) Receiver 4.32 0.826 Highest 1
Total average 4.08 0.928 High
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Table 5 Summary of factors related to knowledge, attitudes, and practices in using new media

to promote and develop marine shrimp farming in Thailand

Independent variable Dependent variable Relevance Significance

+/- level
1) Education level The level of knowledge in - 0.002
2) Using Facebook page media using new media + 0.012
3) Using YouTube media - 0.023
1) Gender The level of attitude in using + 0.002
2) Membership of groups and new media - 0.034

institutions

3) Using Facebook page media + 0.025
4) Using website media + 0.012
1) Age The level of practice in using + 0.003
2) Using YouTube media news media - 0.004
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Figure 1 Model for using new media to promote and develop marine shrimp farming in Thailand
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Stability of Natural Colorants and Qualities of Frozen Tub Tim Grob during Storage
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The objective of this research was to develop a prototype of the best formulation of Tub Tim
Grob products by using different types and ratios of flour for water chestnuts coating. The quality of the
products colored with natural and commercial artificial colorants and stored in the freezing process at
-18 °C for 90 days, was compared. Tub Tim Grob formula 2 using 400 grams of tapioca flour and 50
grams of arrowroot flour had the best appearance and the highest sensory acceptance scores for
appearance, color, flavor, taste, texture and overall acceptability. Thus, formula 2 was selected as
prototypes for a comparative study between products receiving the addition of Natural and commercial
artificial colorants in Tub Tim Grob products and stored in the freezing process at -18 °C for 90 days.
Tub Tim Grob in Treatment 3 using natural colorants with 10 ml per 200 ml of water had suitable
formula for production of frozen Tub Tim Grob because it had the highest color stability at 0-90 days
of storage (redness value (a*) up to 23.12) and sensory acceptance scores for appearance, color, smell,
taste, texture and overall acceptability of 3.41, 3.52, 2.97, 3.63, 3.76 and 3.54, respectively. Moreover, it
had the highest hardness value of 27.73 Newtons.

Keywords: Tub Tim Grob, natural colorants, commercial artificial colorants, texture, frozen
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Table 1 Formulas for the Tab Tim Grob product
Ingredient (g) Formula 1 Formula 2 Formula 3
Water chestnut 400 400 400
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Figure 1 The appearance of Tab Tim Grob product with different formulas
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Table 2 Sensory evaluation of Tab Tim Grob with different formulas

Sample Appearance Color Flavor Taste Texture Overall
Formula 1 3.93+0.78°  3.70+0.15°  4.13+1.13°  3.83+0.88°  4.03+0.24°  4.07+1.21°
Formula 2 4.33+0.24° 4.63+1.34° 4.17+1.192 4.27+1.09° 4.30+0.81° 4.33+0.54°
Formula 3 3.60+0.11°¢ 3.63+1.21°¢ 3.87+0.53° 2.90+1.12° 2.63+0.55°¢ 3.03+0.78°

Different letters in the same column indicate significant differences (p<0.05).
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Table 3 Color values of Tab Tim Grob product during frozen storages at -18°C for 90 days

Day Sample Color values
L* a* b* AE*
0 Treatment 1 28.85+0.11°" 48.58+0.17%"  30.71+0.28% 35.83+0.13%
Treatment 2 35.44+0.39% 20.51+0.28% 0.18+0.10%  24.20+0.23%
Treatment 3 19.43+0.17 30.26+0.26™" 6.41+0.144 29.37+0.644
Treatment 4 16.84+0.24% 27.61+0.17 8.17+0.30  30.57+0.20°"
7 Treatment 1 20.44+0.47°8 37.74+0.65%® 25.56+0.46%8 32.17+0.42%
Treatment 2 30.64+0.65% 18.34+0.16% -0.54+0.22% 23.18+0.04%
Treatment 3 16.49+0.09¢ 28.26+0.13"8 4.28+0.15® 27.39+0.08®
Treatment 4 14.46+0.22% 25.55+0.28% 6.17+0.02°® 28.57+0.06"®
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Table 3 (Continued)

Day Sample Color values
L* a* b* AE*

15 Treatment 1 17.66+0.14°° 31.65+0.22°¢ 18.63+0.19% 28.49+0.24%¢
Treatment 2 21.37+0.14% 15.59+0.26% -0.74+0.14®®  22.68+0.19%
Treatment 3 17.46+0.15°¢ 24.60+0.27°¢ 1.25+0.23C 26.66+0.19°
Treatment 4 12.60+0.23 22.60+0.22° 2.84+0.15°¢ 26.83+0.16°

45 Treatment 1 16.58+0.13° 30.31+0.22%° 17.46+0.06°  27.53+0.24%°
Treatment 2 20.42+0.14%° 14.48+0.12%° -0.95+0.23%  20.63+0.14%°
Treatment 3 16.30+0.22°° 23.66+0.20°° 0.99+0.13°  24.86+0.14C
Treatment 4 12.17+0.14< 21.25+0.23C 1.93+0.34°  2577+0.13"°

90 Treatment 1 14.48+0.15< 25.32+0.12% 15.06+0.45% 25.63+0.40%
Treatment 2 18.56+0.14% 12.56+0.32F -1.11+0.15% 18.86+0.14
Treatment 3 15.73+0.17°° 23.12+0.25° 0.92+0.30° 22.51+0.41F
Treatment 4 10.52+0.20% 18.28+0.40 1.21+0.20°F 24.74+0.23°

Different lower—case superscript letters within a column indicate significant differences between mean values (p<0.05).

Upper-case superscript letters indicate significant differences between 0-90 day within the same treatment conditions (p<0.05).
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Treatment 2
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15

45

90

Treatment 3 Treatment 4

Figure 2 The appearance of Tab Tim Grob product during frozen storages at -18°C for 90 days
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Table 4 Sensory evaluation of Tab Tim Grob product during frozen storages at -18°C for 90 days

Day Sample Appearance Color Flavor Taste Texture Overall
0 Treatment1 4.27+0.78"  4.30+0.95" 293+1.23% 4.00+0.98" 4.17+0.95" 4.13+0.94*"
Treatment 2 3.27+1.17""  3.40+1.11%  32.00+1.14" 3.67+1.06" 3.43+0.74° 3.70+0.83"
Treatment 3 3.33+0.99”"  3.30+1.00® 2.96+0.96® 3.73+1.04°® 3.93+0.93"  3.74+0.83"
Treatment 4 3.40+1.22°%  3.80+0.99 2.87+1.16°® 293+1.42%® 333+1.90%° 3.27+1.08°
7 Treatment 1  4.35+0.71*"  4.42+0.88"" 3.74+0.96* 4.10+0.83”" 4.13+0.92" 4.29+0.82%"
Treatment 2 3.51+0.96”"  3.42+1.06" 3514096 3.77+0.76% 3.77+0.88"  3.70+0.93%"
Treatment 3 3.90+0.94”"  4.09+0.87™ 3.71+0.92" 4.26+0.68" 4.12+0.92*" 4.32+0.81*"
Treatment 4 4.16+0.78""  4.26+0.63" 3.54+1.06™ 3.87+0.95" 3.93+0.96™  3.94+0.96™
15  Treatment 1  4.23+0.86  4.03+0.99" 357+0.89"" 4.10+0.80" 4.10+0.84*"  4.10+0.88*"
Treatment 2 3.80+0.74**  3.67+0.88% 3.47+0.82”" 3.57+0.85"  3.53+0.69” 3.83+0.79™"
Treatment 3 4.06+0.92”"  3.80+0.96™  3.40+0.97™ 3.80+1.00°® 3.93+0.97*"  3.86+0.89""
Treatment 4 3.70+1.28"%  3.76+1.16" 3.23+1.04% 3.53+1.04" 3.63+0.85"  3.63+1.03%
45 Treatment 1 4.13+0.87*"  3.98+0.89""  3.24+0.42°®  3.80+0.92"" 3.87+1.00"  3.80+0.99""
Treatment 2 3.68+0.23*"  352+1.17%  3.18+0.84™ 3.00+0.23®  3.63+0.69”"  3.52+0.96™
Treatment 3 4.00+0.63™  3.76+0.68”"  3.06+0.97°® 3.43+1.14° 351+0.96™ 3.51+1.08™
Treatment 4 3.54+0.89"°  3.65+0.93" 3.01+1.06°® 2.93+1.23®  3.33+0.99® 327+1.17®
90 Treatment1 3.57+0.89°°  3.54+1.06® 3.00+1.40"° 3.77+0.81"° 3.80+1.26" 3.67+1.18%
Treatment 2 3.47+0.82°"  3.23+0.96® 2.93+0.96® 3.70+0.93*" 3.70+0.86""  3.00+0.88°C
Treatment 3 3.41+0.97™  3.52+0.14®®  297+123® 3.63+0.81°° 3.76+0.28""  3.54+0.95™
Treatment 4 3.23+1.04C  2.87+1.16®° 2.88+1.01°® 327+1.04° 3.23+1.21" 293+0.74"

Different lower—case superscript letters within a column indicate significant differences between mean values (p<0.05).

Upper-case superscript letters indicate significant differences between 0-90 day within the same treatment conditions (p<0.05).
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Table 5 Hardness of Tab Tim Grob products during frozen storage at -18 °C for 90 days.

Hardness (N)

Sample
0 Day 7 Day 15 Day 45 Day 90 Day
Treatment 1 38.59+0.22% 31.94+0.06%® 29.57+0.10° 29.41+0.10° 28.88+0.09%°
Treatment 2 37.99+0.04°  30.59+0.22°®  28.80+0.16°C  28.79+0.12°C  27.29+0.04%
Treatment 3 37.49+0.124 30.02+0.05® 28.92+0.04°¢ 28.32+0.02 27.73+0.07°
Treatment 4 37.82+0.16"  30.72+0.12"8 28.12+0.06 27.97+0.02°¢  27.64+0.10°

Different lower—case superscript letters within a column indicate significant differences between mean values (p<0.05).

Upper-case superscript letters indicate significant differences between 0-90 day within the same treatment conditions (p<0.05).
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Development of Grey Hair Coverage Mild Shampoo from Herbal Extracts

with Oryza sativa L. and Sesamum indicum L. Extracts

Adns umsys Ysweynlee uwdudes? gadian Iuaivade’ wazsuwa fawaul”

Sanipon Chanburee!, Pruchyachai Chamchoi?, Yanisa Chindaluang' and Thanapon Kitpot®’
anvimusEnsusieguamuaziedesdions anzalulansinuasuaze s sninendusdigiiyasnsia fiwalan 65000
Znaniifenans azdieumaniuaznsianntiesiu aninendosvigiiyaainsia fwalan 65000
!Division of Health and Cosmetic Product Development, Faculty of Food and Agricultural Technology
Pibulsongkram Rajabhat University, Phitsanulok, Thailand, 65000
“Division of Law, Faculty of Social Science and Local Development, Pibulsongkram Rajabhat University
Phitsanulok, Thailand, 65000

*Corresponding author: thanapon.ki@psru.ac.th

Received: December 25, 2024
Abstract Revised: April 24, 2025
Accepted: April 30, 2024
Most of hair coloring products normally contain synthetic chemicals which can cause irritation,
skin allergy and carcinogen. The aim of this study was to develop a grey hair coverage shampoo from
using Oryza sativa L. and Sesamum indicum L. extracts as active ingredients together with Lawsonia
inermis L. and Indigofera tinctoria L. powder as natural colorants. The total phenolic contents of Oryza
sativa L. and Sesamum indicum L. were 328.02+5.06 and 210.40+6.19 mg GAE/100g extracts, respectively.
The total flavonoid contents were 69.17+0.94 and 50.60+0.22 mg CE/100¢ extracts, respectively.
The grey hair coverage shampoo was developed using 1% of Oryza sativa L. and Sesamum indicum L.
extracts and 2% of Lawsonia inermis L. and Indigofera tinctoria L. powder. This shampoo product was
formulated for the elderly and those who have sensitive skin as it was chemical free (not containing
phenylenediamine, hydrogen peroxide, ammonia, sodium lauryl sulfate, parabens and silicone). The
product had a black color, no pungent smell and was slightly alkali (pH 8). No phase separation was
observed from the stability test. This shampoo was easy to use, did not reguire mixing and could cover
gray hair for 14 days. The assessors gave a score of 7.6+0.9 points from a 9-point scores of sensory

evaluation test.

Keywords: grey hair coverage shampoo, herbal hair dye, herbal extracts, total phenolic

total flavonoid
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TuftmAnduaisdunenda (Indoxy) F9liid was
dunendasgnoendladiiseanduluiludasy
11131 (Indigo blue) filsiazatsih fnaauiffiay
Ao Ay dlgeain dwlnglenihasuanly
Uselgwiluguainnssudeauddn nseay 1snwilsa
(Saithong, 2012; Somrug et al., 2020)

wona1nd luarsanaainasIueany
asUsznoulndiluea deflqslunsdueyyadasy
(Yartchimplee et al, 2021) 4 1alse wed (Oyza sativa L.)
\Judn2d (colored rice) Tansdaiag anansatunldy
Juddeuld wasdivsuaansduoyyadaseqs wu
ansngu ndiuea nquvlaliuees nauweulnleeniy
fiyenuiasatadialsdiuesaunsaduduouled
5 woar-Sanima (50-Reductase) %QLﬂuanmwﬁq

S Py ' v o £
AV ANNRINUASNNTI waza1Tanngallgnsaie

yibinuyuaads Ungesnnaliudanss uazfidaute
Tunseenvesiduna (Thitipramote et al., 2022)

1181 (Sesamum indicum L.) S ugaqyiteiidl
a13iueyLadasy Ao lwYLea (Sesamol) YU
nalanuuasedniveyyadasdaduaimgves
nsieUfAzeneendinduainnsnssduainisdyide
il dnuaiaasle (Weerapreeyakul et al., 2013)
Mnasangavosayulnsineifinuanannsa q vi
T 3dveenuuuinguszasdiie@nyiuszansam
ayulwstlsdiweiuaradi MaauRtiothsem
sufumsldarsdanisuiuarluasu uagily
wanndundadaeiusunanuiiainaisadn
ayulnsgnsgeuloud nanid ssnisldlalasiou
Weseenlusuazuenlals wanyiudgionguassiil
AIuauung (sensitive skin) tneidundnsdueilaidans
lungulowieuasIadawmn (Sodium lauryl sulfate,
SLS) weaneaas (Alcohol) W15kuw (Paraben) uag
Falau (Silicone)

guUnIalLazdsNg

NSLASEUNADE1ET UL

WHUNUANSTTUYIRAIDE19 (LFunLULI) AN
vunenlfviadaeteanenauv1a (Developer
Liquids 12%, Dipso, Commercial Grade) WJukian
1 9. Mnduidunenmdrdliazeadisumsy
vaindeATuwInNLLAL N Id e Een LWalEute
vrundadutes daaz 2.5 ndu 1AuldTud wife
(Raksaphort et al., 2021)

QREEHEREERTE

T1lsdueduazard do1nduayulng
leandoy sunolos Jwminfiwalan Wayulnsun
aslviavenn viuwiamegeuauseu (ED023, Binder,

Germany) 193l 50°%. UNTENIANNYUAINT
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Yovay 12 udrhayulwsuisildnuadunsasiden
dinsanulng 250 NSy uydreien1ueaituduy
Soeay 70 lagUsuns (Merck, AR Grade) 500 ua.
LWEIR28LAS BILEILUITIU (SK-L330-Pro, DLAB,
China) YU 6 T4, NTBIFILNTZATBNTDNUDS 1 WA
izmauﬁqﬁwméaamwaqzyz;yﬂmﬂ (Rotavapor R-300,
BUCHI, Switzerland) wiielsil@ansannneu waviiiu
Pigamgfl -20%. dwdunsluifisuisuarluasia

1

s nduayulnsleandauiguiiendiu dwniull

&
figunail 25%.
n153wesziUSuaasUsznauiluadnyt snuan
Tuansana
a15aiane1uret1alsdiues waveia
gnavangaglenuealutuiear 99.9 lneusuns
(Merck, AR Grade) 5 1@a. 3LAT1¥RUIUT U1 UVB
ansusyneuiuedansinulaely Folin-Ciocalteu's
reagent (Sigma-Aldrich, AR Grade) Faauvasann
35n159849 Borras-Linares et al. (2015) wayansana
0.4 ua. Auansarane 0.25 uasuea Folin-Ciocalteu
reagent 2 18. TUNABANAADITUIA 50 Ua. LHu
a1vavargleifsuaisuoiunidutusosas 7.5 lay
1180 9U5u1nT (RCI Labscan, AR grade) 1.6 ua.
U'waammaaﬂua'wnﬁfﬂmmuqm%qﬁ (WNB?,
Memmert, Germany) 1 50%. U 5 UM LarUNde
Tufifla 30 url ﬁfmmmiamﬂﬁuumﬁ’mﬁaam‘%'aa
gidadaaalasinlediwes (Evolution 201, Thermo
Scientific, USA) 7 21181908 4 760 u1luiuns
WisueuAunsmuInsgIuvesasaraeuIns gy
nsawnadn (Sigma-Aldrich, AR Grade) Tutasaa1u
\Hudunsedseglurasmnududu 0-100 uan/ua.
MunnmUsInaansUsyneuiuedniwunitld 91
ATINAMUFUNUSITUAUATITEWINUAY X AD AL
WUTUVBIENTUINTFIUNTARNAGN (UAN./UA.) LAY

wAu 'Y Ae Fﬂl’]@J@ﬂa‘ULLaQ%aﬂﬁWiNWMiEWULW{azﬂ’.]’]ll

v
a b4 =

W (Y = 0.0116X + 0.0214, R? = 0.9992) fias197u
T89S IaEsUsEnauNuean e uliadnsy

AULAVBINIALNAANABNIUATANA

mMseseiUSinaasUssnaunanlaueesnaun
Tuansana
MseEnUsuuasussneunalliueen
Wanueluansatasaulasannisnisves Borras-
Linares et al. (2015) a@safanenuvesd1ilsdiues
ez Y3unas 0.1 va. Yisnazanesaeiangu 4
ua. Mntudvansazsanelaieslulasidudutovay
5 TawulanaU3u1ns (RC Labscan, AR grade) 0.3
va. wanlsidndu vuluidafigumgiiviesun 5 uni
wRfnansaravergiliilounaslsaidutuiesay 10
lagananaUsung (Merck, AR grade) 0.3 ua. uslu
ﬁﬁ@ﬁqmmﬁﬁauﬂumm 6 U7 wazliua1sazane
ldoulansenlon 1 Tuans (Merck, AR grade) 2 wa.
wazundu 3.3 ua. WiluiaAinisgandunasiag

a

Lﬂ%‘laqqa-’iﬁ@amﬂdmﬂﬂimﬁma% (Evolution 201,
Thermo Scientific, USA) fin1ag1Adyu 510 unlu
WS WIBULBUAUNIINNIRSgIUTDIaTaTANY
unsgIuAndy Tugrsmnauduidunssdaoglugag
ANULTUTY 0-5,000 UAN./U8. ATUINUIUSUNE
Walaueedildainnswanuduiusidunsesening
WAL X AB AULULTUYRIENTUINTFIUAWNTY (1N /
4n9) UAZUAY Y AiB ANAANAULEIYDIANTHINTTIUA
Az (Y = 0.0003X + 0.0210, R? = 0.9990)
af19iu Menuvsaaswaluessi iy

(% a

TadniuauyavesnmBune 100 nuansann

n1sWaUIRAad ualusyUanuvayulnsgns
doulou
gnsuunUanuydayulngsuannisimn

gasmsunsundoununiarnsaldlaludunouiien

Faazuanaanundndueiuyuygounu I v
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Tuiesmainiifinsuendiunauiduaesdiu Tnaneu
msldasdomadlnditu msuauSeruiilinad
srdnavlinuvdansdoudailivindy dwsunis
Waurgasweundanuuiazdnisiauigns lag
finsfnen1sulsiusdnvesarsii uaauniln
(thickener) ‘ﬁﬂﬂma@iamimwﬁmmLmewLé’umu
YurAsENL @siiaaunintome 6 viniidne
Ao 1) Hydroxyethyl Cellulose, 2) Xanthan gum,
Clear xanthan gum, 3) Acrylate Crosspolymer
(Carbopol Aqua SF-1 Polymer, ClearClean™),
Sodium Polyacrylate (Cosmedia SP) 4) Ammonium
Acryloyldimethyltaurate/ VP Copolymer, 5) Acrylates/
Beheneth-25 methacrylate copolymer kag 6) Poly
Ethelene Glycol-150 Distearate qmﬁfﬁuﬁlﬁ'ﬁum‘ﬁu
ANITNTIVTLATITYAUAINNIWATNIEAIN AB
Uszilluanwazdsingaieaisnl ANd L* a* b* ade
\A309AE (NH310, 3nh, China) AMAumiingae
w3oialafiwes (ROTAVISC hi-vi II, IKA, Germany)
wazaudunsnsneiaendosiiieviines (ORION
STAR A111, Thermo Scientific, USA) ilofinnsiamn
wldgnsiuguiimzauudazdnnsfvasadn

ayulnsadlugasivaneay

mMfneUsEAEMWNNSAATNIva LTI TANNYT?
qml,l,wmﬁ‘mmzamzqﬂu"wiﬂmaau
Aasalun1shndvesUosnuf10g197ikIuNTT
Nonduallaeanluasisn15ues Kaikeaw (2009) 11
Jownudnag 2.5 NTU W1asealgusunUanuyl 2
ua. Askiunu 20 unit anfudrseondasuanias
Yhaven nedounsinnimuesddenlnoaseny
FeusamitalufuUosnuddansias 3 ase WWulian
2 dUaii Useidlunalaeldnisa1enn Digital

microscope (Dino-Lite, AM4 113 ZT, ANMO Electronics
Corporation, Taiwan) A& ene 200 1911 wagnsia
A L* a* b* seiasesinaa (NH310, 3nh, China)

ASANYIANUAIAIVDINANA U9
NAAOUAIIUAIFIVBINA AT AT an172159
(heat-cool cycles) T1UAU 6 S8V LABYINAITLAY
nanAnsilummuslnatvuasiuuasiionmai 45:2%.
WL 48 Y. wazifiudl 4+2%. w48 v, Juifu 1
30U Y1N1TATIDUATIERAUAIAIVDINAN N 2N
AN Ao Ussilludnuaeusngaivaieni And
L* a* b* fein3 aaTaA 8 (NH310, 3nh, China) f
Auniinaa81A3eedaladined (ROTAVISC hi-vi i,
KA, Germany) wazAuLdunIARIsAI8LA3 09TLaY
w3 (ORION STAR A111, Thermo Scientific, USA)

A5UsERNAMUNIND TRV INANN U9

HandusiwyInUanurIINasainayulng

a

gasfmunzanazirliussdiunnuianelaves
wAnSuriowiu feiEnsussduliasuun 9 sefy
(9-Point Hedonic scale) Ine 1 Ao laivousnniign
uay 9 fio ¥eUNINTian (Chompreeda, 2007) Taeld
HvaaoudIuiu 30 au (¥3981¢ 30-60 U) lagi
HAnSueUsTIIM 3 Taddns masuudiuUateved
Jasidunivaaou udrdeendothazein aniu
imsussiliuguandinisssamduda e dnwuy
Us1ng ndu Anunide n1siinves Usunames
ANNEINTALUNITANERN wazANTEUlnuTIN LY
Tunsddunisussduanufaneladlduiunis
Warsasesssulunisanduauddeain
ANENTTUNITITETTTUNTIFETuNYE wvnInende
1A gyasAs s visnelay PSRU-EC No. : 2021/047

165



5ANTIVYLALAWFTUIVINSNEAS 42(2): 161-174

nsAATIEvtaya

s1v9unanisnaasndua1ad v s
T oauunnTgIu (Mean=SD) 9ndaya 3 41 1
Yoy ailiannismaassniiasiauuUsUsIu
(Analysis of Variance) LaglU3guLiguAIULANG1S
903A 112881835 Duncan's New Multiple Range
Test (OMRT) Tngldlusunsudiia3u Minitab 16
(Minitab Inc., USA) 7 sgsiuaanaid esiudonas 95
(p<0.05)

NAN1599Y

nsanaaIsanadsyayulng

719159 uas (Onyza sativa L) 1476
(Sesamum indlicum L.) Akunseulisudaninge
nuealdutuiosar 70 lngusuing ansadavenu
fianwazilurounadrtu wazdainunneng 9 uana
#4 Table 1

Table 1 Properties of herbal extracts by 70 percent (v/v) ethanol

Properties Herbal extracts
Oryza sativa L. Sesamum indicum L.

Appearance Dark purple liquid Black liquid
%Extraction yield 20.15+3.14 18.44+2.48
pH 6.63+0.13 6.18+0.02
L* 5.10+0.05 3.17+0.06
a* 0.78+0.40 1.26+0.05
b* -2.15+0.07 0.29+0.02

Values are means of three replications + standard deviation.

MsnsiUSunaasUsEnaulueAntwmuauas
Usunuarsusznaunanlaueea luansann
lunisAnwrUsunuansusenoul ueadn
waznalausssluansadat1alsdiue3uazae
(Table 2) wu3nasanane 2 viadusunafiuedn
WU 328.02+5.06 way 210.40+6.19 mg GAE/
100g extracts aua1aU Usurunatlauseaviniy
69.17+0.94 ey 50.60+0.22 mg CE/ 100g extracts
auady ietwadilalumuarulszans nnes
arsanalunisdueus adasy (%free radical

scavenging) M1ANULTUTUAN 9 WUINA1TANAT?

lsfiuetuazawh fenududu 2 un /. Susgdnsam
lumsiueuyadasglauinnindesas 80 Fslaiden
Anuntudanaanldlumsiaungasuun Uan
v1legvzldansanin 0.2 nTusiowyuy 100 NS el
nsldansatnainsssurdaeiinnsddediaimad ey
aaneans vesansada Semslausuinansadadia
Usgu1a4 5-10 111 (Manosroi and Manosroi, 2013)
FadulunsiamgasnansasfuamyIanseaded
mMsuuUTimasadadu 1.0 nfusdegasuuuy
fug1u 100 n¥u $avaw 1.0)
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Table 2 Total phenolic and flavonoid contents of herbal extracts

Herbal extracts

Total phenolic content

(mg GAE/100g extracts)

Total flavonoid content

(mg CE/100g extracts)

Oryza sativa L.

Sesamum indicum L.

328.02+5.06°
210.40+6.19°

69.17+0.94°
50.60+0.22°

Values are means of three replicationststandard deviation.

Values in the same column with the different letters are significantly different at p<0.05.

nsWAIRAd MatusunTannv1ayulnsgns
doulyy
miﬁwmqm@i’ﬁuﬁugmLmewjﬁmiLLUiﬁu
asiunamiiaianun 6 9iin sauaven 12 gns
(S1-S12) ua@nasa Table 3 dnsuanuwasdsinguay
AAunmYBILTLy ATl uanads Table 4 uag
Table 5 gasuwysy S1, S2 wag S3 wuinA1UIuIu
Y84 Hydroxyethyl Cellulose dnasognsusy vi1lv
wraonaznou lidudedeitu dwuges S4 uay
S5 Aldumuunuiy ‘W‘U’jﬁLLﬁﬁﬂijﬁﬂﬂﬂiﬂjLﬂULﬁaLamﬁu
dmsugns 56-512 1Hugnsiia wrumdudedoaty
fidnwarvounadddn lafindugu fie1 pH 1using
(Uszanas 8) wanzandmivusundennaniosain
anuduasagyilindanude wazlndavaiunse
g P uluronduny viIdAdoudanuldde
(Raksaphort et al., 2021) uenanBuAUniAves

NP AU I INAR DN ERAAYB I A LY T ATENY

Tagiflofiansanaingmsuvay S6-512 nuingns S12
414 PEG-150 Distearate 1 uansiiumnunindl
ANuningean aunsaluasenannuITaiualifauay
anunsansegludailiold Wovlunnasdddaseuy
Weadu wudanusanszarsvundunld i
gmsuvuy 512 Judugesimnzamiluiamundy
ansuvamdanuyananarsatnayulng lngaziiia
asafndnlsdiueduazand vinag 1.0 n3usegns
wsaiug Iy 100 n¥u audilddieseilludosdiy
fudumsldasdanisuisasluamuluimna
Zovay 2.0 Tngumiin (Raksaphort et al., 2021;
Somrug et al,, 2020) ledugnsusuygns 513 @
\DugnsiivmzanvesusuyUanuvnnauansarin
ayulnsansoouley gns dnuazdsing uagen
AMANYBILTUN T ANNYIILEAIAS Table 3 (S13)
Table 4 (513) wag Figure 1 (513)
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Table 3 Formula of base shampoos (S1-S12) and grey coverage herbal shampoo (513)

Parts Ingredients Formular no. (total 100 g)

S1 S2 S3 sS4 S5 S6 S7 S8 S9 S10 S11 S12 S13

A Di Water up to 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Tetrasodium EDTA  0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Guar Hydroxy 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

propyltrimonium

Chloride

B Ammonium 15.00 15.0 15.00 15.00 15.0 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
lauryl sulfate
Cocamidopropyl 10.0 10.0 10.0 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

Hydroxysultaine

Vanilla Anise - - 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Fragrance
C Water 10.00 10.00 10.00 10.0 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Thickener! 2.00 1.50 1.00 1.00 1.00 1.00 1.00 1.00 2.00 1.00 1.00 1.00 1.00
D Water 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

Benzophenone-4 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08

E Water 5.00 5.00 - - - - - - - - - - R
Wood black 2.00 1.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
powder
PEG-40 - - 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Hydrogenated
Castor Oil
ColorFix™ 0.06 0.06 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lawsonia - - - - - - - - - - - - 2.00
inermis L.
Indigofera - - - - - - - - - - - - 2.00
tinctoria L.?
Oryza - - - - - - - - - - - - 1.00
sativa L.’
Sesamum - - - - - - - - - - - - 1.00
indicum L.?

F Phenoxyethanol 070 070 070 070 070 070 070 070 070 070 070 070 070

(and) Chlorphenesin

(and) Water (and)

Glycerin

Vanilla Anise 0.50 0.50 - - - 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Fragrance

G Triethanolamine 0.41 0.21 0.11 0.11 0.11 0.14 0.28 0.28 0.47 0.44 0.28 0.50 0.50

Thickener S1, 52, S3 = Hydroxyethyl cellulose, S& = Xanthan gum, S5 = Clear xanthan gum, S6 = Acrylate Crosspolymer (Carbopol
Aqua SF-1 Polymer), S7 = Ammonium Acryloyldimethyltaurate/ VP Copolymer, S8, S9 = Acrylates/Beheneth-25 methacrylate
copolymer, S10 = Acrylate Crosspolymer (Cosmedia SP), S11 = Acrylates Crosspolymer (ClearClean), S12 = Poly Ethelene Glycol-
150 Distearate

Natural coloring agents will be added to suitable formular S13

*Herb extracts will be added to suitable formular S13
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Table 4 Properties of base shampoos (51-512) and grey coverage herbal shampoo (S13)

Formular no. Appearance pH Viscosity (cp)

Base formular Clear, colorless, homogeneous 8.13+0.23° 621.97+5.87°
S1 Lumpy, not homogeneous 8.35+0.10™ Unmeasurable
S2 Lumpy, not homogeneous 8.04+0.20° Unmeasurable
S3 Lumpy, not homogeneous 8.17+0.15" Unmeasurable
S4 Lumpy, not homogeneous 8.45+0.18° Unmeasurable
S5 Lumpy, not homogeneous 8.53+0.17° Unmeasurable
6 Black color, homogeneous 8.17+0.30" 163.47+3.95°
S7 Black color, homogeneous 8.20+0.18" 278.93+4.41°
S8 Black color, homogeneous 8.05+0.05° 87.73+7.85°
S9 Black color, homogeneous 8.03+0.21° 419.47+41.19°
S10 Black color, homogeneous 8.00+0.04° 309.07+2.44°
S11 Black color, homogeneous 8.19+0.09° 326.13+11.38°
S12 Black color, homogeneous 8.23+0.15" 630.50+32.27°
S13 Black color, homogeneous 8.16+0.11° 640.00£28.30 °

Values are means of three replicationststandard deviation.

Values in the same column with the different letters are significantly different at p<0.05.

Figure 1 Appearances of base shampoos (S1-512) and grey coverage herbal shampoo (513)
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mMfneUsEAEMWNNSAAT NN ILTI T AN
anwuznIsRnduulsununasannnasly
wrunUanuv13gns S13 aseuy wandlans Table 5
wuﬁr;humiaiséhaLwaﬂmwmnqm S13 @11150
Wasudnaldsusndausniiasy (After coverage)
dunusnogralasuainduvrimdeadudindudy
iosnuvaniinnudusng (pH Uszanas 8) vils

indansdauaziiadazanunsadgtuluronduny
vlvddeufnnuladne ann1suszidunisindvas
UouHUngIn5asyRNs L 6 ASe @Unvias 3 Ade
Wy 2 §Uaneh) nuindurudeasiiath@uduusany
Wudanas auazsudunamiuauuansiwesdles
FAutu (A1 AE fAiintu) ndsandudnuazisy
AIRUTITUVR

Table 5 Characteristics of hair samples after using grey coverage herbal shampoo (S13)

Properties Grey hair  Hair after Number of washings
(Control) coverage 1 3 4 5 6
Appearance ; ! | ‘
;’ AR !u' ‘
\ N o
color Yellow Dark blue Dark blue Dark blue Dark blue Dark blue Dark blue Dark blue
white
L* 73.29+1.41  16.07+0.94 16.23+0.98 16.88+0.98 18.06+1.05 19.87+1.16 22.45+1.31 25.82+1.51
a* 7.75+0.44 0.91+£0.20  0.96+0.21 0.96+0.21  1.02+0.22 1.13+0.24  1.27+0.27 1.46+0.31
b* 22.10+0.61 0.78+0.64  0.82+0.67 0.82+0.67  0.87£0.72 0.96+£0.79  1.09+0.90 1.25+1.03
AE - 61.44 0.16 0.65 1.19 1.81 2.59 3.38

Values are means of three replicationststandard deviation.

ASANWIANUAIAIVDINAAN U
INNTANYIAIUAIA IVDIHE 71 A 0 LY
ANNIELSITIUIU 6 TOU WU 24 TU WUIWARS U
wrunUanuvranagulnsiainunesia Lf]ual,wm“v
gepadidalndiAsadn darnnuuanaevesd (AE)

Wi 0.37 aumluldanunsanenueglanenidan

1%

(Mokrzycki and Tatol, 2011) ldlAnn1suantu A1

[

& oA = s v & Ko
AMULTUNTANIHNANUASULUAULANUDE LAVINLETD

el®

Tug 97l munsaus ol s@swy druriauniinues
LwaJﬁmLﬁwfu dlethumeassunuaznszaeuy
duny wudadinsivafieaiy wazaunsanszane
vuEuNNlAR (Table 6)
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Table 6 Stability evaluation of grey coverage herbal shampoo (S13)

Properties Grey coverage herbal shampoo

Before stability test After stability test

Appearance
pH 8.16+0.11™ 8.35+0.21™
Viscosity (cP) 640.0+28.3" 685.0+17.4°
L* 9.80+0.33™ 9.65+0.45™
a¥ 2.56+0.55™ 2.23+0.40™
b* 0.26+0.06™ 0.35+0.09™
AE - 0.37

Values are means of three replicationststandard deviation.

Values of each product in the same row with the different letters are significantly different at p<0.05.

nsUsziliuanuinsnelavaswingioua nau Aumila Msiianes Usinuvles Anua1nse
nuavsziluauianalamadszain  Tunisdnsesn uazauveulaesiu agluyisazuuu
dulavomdninuriusmUanmanayulng (Table 7). 6 §ia 8 Azuul AInAzULAN 9 Azuuw) Fulusedu

wuArazkuuangeuluduiudnvuzUsng  avwuuieglunasiveuidntesfiaveuuin

Table 7 Sensory evaluation scores of suitable grey coverage herbal shampoo (n=30)

Attributes Grey coverage herbal shampoo
Appearance 7.1+0.8
Odor 6.8+1.1
Viscosity 6.8+0.8
Foaming 6.9+0.9
Washable 7.0+0.8
Overall liking 7.6+0.9

Values are means of replications+standard deviation.
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32150iNAaN1598

suyadaszdwmadeludiuvedlaseaiioy
LAAAUUNNTDUBIALE UeToTad A lulufves
matugyuvy vnliwadasiadedwarivlianauas
WnANUnnsaslunsasdyaszaugas dina
TfwadwanTuledlaied oud ludiusalauay
Tussermayiulmendum Snvisoyyadasdasoms
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Influence of Whipping Speed on Properties of Natural Rubber Latex Foam

Filled with Longan Shell
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The effects of whipping speed on the properties of natural rubber latex foam filled with longan
shells were studied. Longan shell loading was varied at 0 and 5 phr. Gelling time, bubble height from
the whipping process, percentage of shrinkage, density, and compression set were determined. Whipping
speeds of 100, 125, and 190 rpm were used. It was found that an increase in whipping speed caused
an increase in bubble height and a decrease in gelling time and density. The whipping speed of 190
rom showed the lowest compression set. The properties of latex foams filled with 0 and 5 phr of longan
shell were compared. The obtained test results revealed that latex foam filled with 5 phr of longan
shell gave lower bubble height and gelling time. Latex foam filled with 5 phr of longan shell exhibited

a higher percentage of shrinkage, density, and compression set.

Keywords: natural rubber, latex foam, longan shell, whipping speed, properties of latex foam
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Table 1 Compounding Formulation of Longan Shell Dispersion

Chemical Ingredients Weight (g)
Longan Shell 25.0
Vultamol 1.0
Bentonite clay 1.0
Water 73.0

- ¥
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Figure 1 Mixing element (paddle type)
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Table 2 Compounding formulation of natural rubber latex

Chemical ingredients Dry weight Wet weight Level of whipping
(phr) (g) speed
60% Ha Latex (1) 100 167 1
25% Longan Shell (1) 0,5 0, 20
10% Potassium Oleate (2) 1.5 15 1
50% Sulphur (3) 2 a4
50% ZDEC (3) 1 2 *Different whipping
50% ZMBT (3) 1 2 speed as shown in
50% CPL (3) 1 2 Table 2
25% DPG (4) 0.8 3.2 1
50% ZnO (5) 5 10 1
25% SSF (6) 1 4 1

Table 3 Different speed for whipping process

Whipping Condition

Whipping speed (RPM)

Time (minute)

1 100 4
100 4
2 100 4
125 il
3 100 4
190 4
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(A) oLS (B) 5LS

Figure 7 Porosity of latex foam with different longan content and whipping speed

(A) OLS and (B) 5LS
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The purpose of this research was to study the risks of rainfall variability on the availability of
agricultural water resources that could identify indicators leading to a sustainable water management
plan for the upper Mae Pae Watershed. The research process focused on learning from and analyzing
problems with stakeholders through academic sources and empirical data to analyze changes in
rainfall behavior from climate variability data from 70 years, including an analysis of watershed
hydrological characteristics and water balance in the agricultural sector.

The study's results revealed several risks to water resources in the agricultural sector of the
upper Mae Pae Watershed as follows: 1) The average rainfall trend in the last 15 years (from 2007-
2022) decreased to only 862.43 mm/y. This amount of rainfall was below the criteria for drought (less
than 900 mm/y). The decline in rainfall was influenced by 16 El Nifio events, each leading to
prolonged droughts lasting for more than 20 weeks; 2) The period of runoff was uneven throughout
the year, with runoff occurring predominantly during the rainy season, leading to an an annual water
deficit of 0.84 million cubic meters from November to April. Farmers in the area required 1.21 million
cubic meters of water during this period for crop cultivation, while only 0.37 million cubic meters were

available; 3) Khun Pae Reservoir and Ton Phueng Reservoir were too small to distribute water during
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the dry season. Additionally, the pool system faced problems in terms of both the number and

location of water distribution points, resulting in an uneven and insufficient water allocation and

4) Farmers in the upstream area pumped water from Khun Pae Creek for crop cultivation during the

dry season. This practice led to misunderstandings and conflicts among farmers in the upstream and

downstream regions, exacerbating water resource challenges. The aforementioned water resource

problems were the key factors leading to the development of the agricultural water management

plan to ensure the sustainability of water resources in the upper Mae Pae Watershed.

Keywords: water resources, agriculture, rainfall variation, upper Mae Pae watershed
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Figure 1 Evolution of precipitation over the period 1953 to 2022
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Table 1 Hydrological characteristics of the upper Mae Pae watershed.

Hydrological data Sub Watershed

Khun Pae Huai Ton Phueng Huai Khayan
1. Watershed area (sg.km.) 10.94 6.65 5.79
2. Length of the main creek (kilometer) 577 6.34 3.6
3. The slope of the main creek (%) 4.21 3.61 7.22
4. Quantity peak: (m*/sec) 30.11 18.30 15.94
Qp (m3/year) 456,427.11 291,596.50 244,293.27
(m3/rainy season) 427,599.47 259,921.07 226,307.22
(m3/dry season) 28,827.64 31,675.43 17,986.05
5. Time of concentration: Tc (hour) 0.87 0.99 0.49°
6. Time to peak: Tp (hour) 2.67 2.78 2.19°
7. water storage capacity
1,358,587.84 896,291.61 910,550.81

of upstream forests (m”)

20 Heavy rainfall over a short period of time can cause flash floods and soil erosion.
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- During the critical period caused by little or no rainfall in the area, runoff in Khun Pae Creek

decreased, resulting in a shortage of water for crop cultivation in the dry season.

Figure 5 Average runoff in Mae Pae creek
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Figure 6 Water balance between water supply and agricultural water consumption
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1. A decrease in rainfall Watershed forests are The reduced water flow or Khun Pae Reservoir and Ton
within a watershed area . playing a lesser role in . even dry conditions in Khun . Phueng Reservoir are not
2. Naturally Degraded Forest water intake, storage, and Pae Creek and Ton Phueng effectively retaining water.
Areas/ Expansion of water production. during the dry season. - Asmall reservoir that isn't being utilized
Agricultural Areas. - A small creek with a relatively high to its full potential due to its shallow
elevation in the upstream area. depth and limited water storage capacity.
- In the dry season, there is only 0.38 - The forest area above the reservoir has

million cubic meters of runoff in the creek. ~ been transformed into agricultural land.

Situation of problems in the utilization of water for cultivation.

- The available water storage in the agricultural ponds is insufficient for growing

crops during the dry season.
There are few agricultural ponds, the size is quite small - large agricultural areas indeed require a significant amount of water to support

and store a limited amount of water. crop growth and productivity.

¥

Farmers use “water pumps” in Huai

- Huai Khun Pae and Ton Phueng are devoid of water, so there is no water to fill

the reservoir during the dry season.

- Sediment accumulation in weirs, which reduces their storage capacity and

depth.

..... Khun Pae Weir

Khun Pae and Huai Ton Phueng to . . .
(main agricultural weir)

use in their fields and some of them - There is very little or no water flowing into the weir during the dry season.

pump water up to storage ponds.

Farmers who have agricultural area above the weir use water wastefully during the dry

season without considering the needs of farmers in the downstream areas.

Headwaters zone Transfer zone Downstream zone

Figure 7 The situation of water resources problems in the agricultural sector
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Figure 8 Water systems and water shortage areas for cultivation in the dry season
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Analysis Technique, Maepang Sub-district, Phrao District, Chiang Mai Province

anined A3ansla’ Inswed lygaed! USiam 2ssalnin® wazanaun gnyied
Suttipong Srichatjai!, Chackapong Chaiwong', Pariwate Varnakovida? and Wassana Wiroonrat!"
e InUgienans AneHaaNIsUNSNYNT Wniveduwdld Wedlud 50290
Zgudimnssuansaumagiisansiazuinnssy anmivendemalulagnszaoundsuys nganne 10140
1Program in Soil Science, Faculty of Agricultural Production, Maejo University, Chiang Mai, Thailand 50290
“Geospatial Engineering and Innovation Center, King Mongkut's University of Technology Thonburi, Bangkok, Thailand 10140
*Corresponding author: vassana@mju.ac.th
Received: September 26, 2023
Abstract Revised: August 15, 2024

Accepted: September 17, 2024
Mae Pang Sub-district, located in the Phrao District, serves as a crucial area for exporting
mangoes from Chiang Mai. However, a significant portion of the cultivation sites is situated in upland
areas and is reliant on rainfall only. Consequently, the quality of mango yield is compromised,
particularly during periods of drought. This study aimed to evaluate the risk of drought in these mango
cultivation areas by utilizing topographic and meteorological data.The primary objective was to provide
information to support decision-making by mango farmers for an effective soil and water management,
with the ultimate goal of mitigating the adverse effects of drought on mango production. Through the
application of spatial potential analysis (Potential Surface Analysis: PSA), several factors were
examined, including the volume of rainfall, soil texture, slope, stream and irrigation, and groundwater
Accordingly, the area was divided into two types of geography: upland areas totaling 1,924 rai. It was
found that there was a low risk in drought in the amount of 887 rai, representing 46.10 percent,
followed by moderate drought risk in 799 rai, representing 41.52 percent, and a high risk of drought in
the amount of 238 rai was 12.37 percent, respectively. For mango planting areas of foothill slope and
lowland areas of 372 rai, 180 rai was classified as moderate drought risk area, 118 rai was considered
low drought risk area, and 74 rai was classified as high drought risk area, representing 48.38, 31.72, and

19.89 percent of the mango planting area, respectively.

Keywords: Nam Dok Mai mango, upland, drought area, potential surface analysis technique
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Figure 1 Study area in Maepang sub-district, Phrao district, Chiang Mai
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Table 1 Development of a database of drought risk factors

Input

Process

Output

Topographic map
(scale 1:50,000)

- Select by attribute and export data

Maepang district map

Average annual rainfall - Add XY data Average annual rainfall
- Inverse distance weight map
- Reclassify

DEM 5 m Slope and reclassify Slope map

Soil series map

Select by attribute and export data

Soil texture map

Hydrology

buffer and reclassify

Stream and irrigation

Stream map

Groundwater

Groundwater map

inverse distance weight and reclassify

v '
A =

3. NMTIIAATIERANYAINLBINUTN (Potential
Surface Analysis: PSA)
N531AsIERANE AT aiud (Potential
Surface Analysis: PSA) lun1siiasgilagldaunis
LFLEUNTT WIeaunIshuuIaewail (Index model)
Jumedaiantuuiieldlunisiwssidnenin
it Tnsmafununugiuteyadddifuiugs
swnuisnsandula (Ano, 2013) in1smuuaidady
y93nsiindouds leud Usinaiuedesed e
Ay Auaatuiiui Gﬁayjawa'mfw oA uaswa s
AU Tnemsanunimuinaazsuuuiuiido i
waslagldaunsd (1)
S = (W1 x R1) +(W2 x R2) +.....+Wn x Rn) (1)
e s = sedupzLuuTIIveUTIEs T oud
W1 83 Wn = agtuuanudifguasuiazlady
R1 84 Rn

AZLUUANAIAYVDILAAZ TEAU

Y0919

(%

AN1N5UNITINAIRUTUVDINUNLFBIN LA

AUIUAINTEAUAL U UTILVDIN UL AT LA ATl

11 =X-SD 2)
2=X-SD<S<X+SD (3)
13 =X+ SD (4)

do  11-13 = suduiluiliddeudaiies Uiunans
LazuUIn ANNEIAU
X = Aads (Mean)
SD = AndeaiunnAsgIu (Standard
Deviation)

NNININUAAIAZLUUAIUAIAYVDILARE
U248 (Table 2) LazAIASLUUANUEIAYVOILAAE
sesudadotiu (Table 3) 1¥9nnnsduniwaildedn
mwmﬂsoﬁ’uquﬁﬁﬂs:ﬁaumiajﬂqﬂmmﬁuﬁuﬁ
fvanidssuau 10 au Wt finuassnenii
LLazmﬂmiﬁué’ul,aﬂaflsl,%ﬁﬁmmiLf"ﬁ'snf"fumiﬂgﬂ

. v  oa ¥
U1y hagnisausnYaukazul (Land
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Table 2 Weighting factor value
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Factor

Weighting factor value (W)

1. Average annual rainfall
2. Soil texture

3. Slope of the area

4. Stream and irrigation

5. Amount of groundwater

5
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3
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1
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Table 3 Rating factor value
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wioiuiaafiiinisaniinsgidu 14lunsd
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uzai1e TneRansanaindnsnisliiivesundedi

1fAuAsIINNT 10 gnurAfiunssiadalis

Factor

Rating factor value (R)

High (3) Moderate (2) Low (1)

1. Average annual rainfall (millimeters per year)
2. Soil texture

3. Slope

4. Stream and irrigation (kilometers)

5. Volume of groundwater (cubic meter per hour)

<700 700-1,200 1,200-1,500

Coarse texture  Medium texture  Fine texture

>20% 12-20% 0-12%
>2.0 1.0-2.0 <1.0
<20 2.0-10.0 >10.0
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wagiane Bagnurgluinsamaziisianiies 5-20 um
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b Sh.
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UriUURuTneusIuIY 1,924 15 wu3ndSuna
dunniadevisdlufiufieglurag 700-1,200 fadums
Anidufesas 100 oglunusidssfoudauiunan
LﬁaﬁuduuiwigLﬁuﬁuﬁaazLﬁam%qﬁmmmmsa
Tunsdudnanndefosas 66.47 eglunasidsafouds
ffon udnuaIAtuTesiiufininnit 20 Wosidus
Anwdudoray 50.00 vesiuiioglunmidsstouds
110 dnfuundsiissrAuareaUseniuienin
Numsinuasdlug 1.0-2.0 Alawns Aeduievay

83.28 aglunusiidsasioudsiiunans dmsuuiunm

il#Ru Andudosar 95.64 agluinuiiidssfouds
Uunang
dmdunanisUssifiuanuidssfoudeiiud
Ugnuzshavufinuidauagiisugudiuiu 372 15
nuirUiadunniadsiellufiuiiegludas
700-1,200 fiadwmssiel Aniduseeay 100 eglunasai
Aoafowdauiunans Lﬁaaudaﬂmyjﬂuamﬁwmu
Fefianuanansalunisduthunniefesar 63.25
ogfluinausidsafoudeunn wianuainduresiiud
0-12 Wofidud Andudosay 74.36 vositui aglu
sl doudeden dwivundninsssufuay
gauszmuianfiumsneasdlvgfosndt 1.0
Alawns Andufesar 92.55 eglunamidsstouds
tfoy dsuuimanilinu Andudesay 9583 oglu
\nuiAgaTaudsuunans (Table 4)

Table 4 Rating factor value of drought on mango planting areas

Rating factor value (R)

Factor
High (3) Moderate (2) Low (1)
Upland Lowland Upland Lowland Upland Lowland
1.Average annual rainfall 0 0 1,924 372 0 0
(millimeters per year) (0.00) (0.00)  (100.00) (100.00)  (0.00) (0.00)
2. Soil texture 645 235 0 86 1,279 51
(33.53) (63.25) (0.00) (23.08)  (66.47)  (13.68)
3. Slope 962 32 462 64 500 277
(50.00) (8.55) (24.02)  (17.09)  (25.98)  (74.36)
4. Stream and irrigation 40 0 281 28 1,602 344
(kilometers) (2.09) (0.00) (14.63) (7.45) (83.28)  (92.55)
5. Volume of groundwater 0 0 1,840 356 84 15
(cubic meter per hour) (0.00) (0.00)  (95.64)  (95.83)  (4.36) (4.17)
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Aanudsanfsnduinanuiu 238 15 Aalludevas

12.37 wardianudeedonasliunalssnulu 799 1s

Andusesay 41.52 wazilmuldssfunatass1uIu

887 1 (508az 46.10) mruaidu (Figure 3) d115U
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110 74 15 Aadudesay 19.89 danutdsatonaa

Uunanssnu 180 15 Anllusevas 48.38 wazinny

desdaudaion 118 15 Andudesay 31.72 (Figure 3)

Table 5 Risk Assessment of Drought on Mango Planting Areas

Level of drought risk Area (rai)
(score) Upland Lowland
Low (1.51-1.81) 887(46.10)* 118(31.72)
Moderate (1.81-2.12) 799(41.52) 180(48.38)
High (2.12-2.43) 238(12.37) 7 4(19.89)
Total 1,924(100.00) 372(100.00)

*Number in () is percentage of area
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2130000
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2123500

2017000

sa7500 515000 522500 530000

Legend

| Mango on upland - low drought risk

Mango on upland - medium drought risk

-Mangc on upland - high drought risk

#2277 Mango on lowtand - low drought risk

% Mango on lowland - medium drought risk|
- Mango on lowland - high drought risk
I:lMaepang Subdistrict boundary

Figure 3 Map of level drought risk on mango planting areas
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Factors Influencing Farmers' Satisfaction towards Printed Media for the Technology

Transfer of Turmeric Production in Paphayom District, Phatthalung Province
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This research, which involved 86 cases was aimed to study general information, satisfaction
levels with printed media, and factors influencing satisfaction with printed media in transfer of turmeric
production technology among farmers in Paphayom district, Phatthalung province. The turmeric grown
in these areas has curcuminoid and essential oil content that exceeds standard values compared to
turmeric produced in other regions. The research was conducted from June 2024 to November 2024.
The instruments used for data collection were questionnaires. Data analysis used descriptive statistics,
including frequency, percentage, mean, and standard deviation, and inferential statistics, including
stepwise multiple regression analysis. The results of the study found that: 1) Most farmers were female
(76.74%), had an average age of 51.14 years, had completed junior high school (50.00%), were married
(60.77%), and had an average experience in turmeric cultivation of 10.80 years; and 2) Turmeric farmers
were highly satisfied with printed media for transferring turmeric production technology (average 4.30).
When considering satisfaction in each aspect, it was found that turmeric farmers were most satisfied
with printed media in all aspects, namely media quality (mean 4.37), media content (mean 4.27), and
media illustrations (mean 4.25). The results of the stepwise multiple regression analysis revealed that
gender, specifically being female, had a statistically significant influence (at the 0.05 level) on farmers'
satisfaction with printed media used for technology transfer in turmeric production in Paphayom district,

Phatthalung province.

Keywords: satisfaction, media, technology transfer, turmeric, Phatthalung
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Table 1 General information for farmers

General information for farmers Frequency Percentage
Gender
Male 20 23.26
Female 66 76.74
Age
< 41 year 13 15.12
42 year — 50 year 31 36.05
51 year — 59 year 22 25.58
60 year — 68 year 15 17.44
> 69 year 5 581
Education Level
Primary 1 1.16
Junior high school 43 50.00
Senior high school 26 30.23
Associate’s degree 10 11.63
Bachelor’s degree 1 1.16
Master's degree 5 5.81
Marital status
Single 16 18.60
Married 56 65.12
Divorced/widowed 14 16.28
Experience in turmeric production
< 9 year 12 13.95
10 year — 14 year 57 66.27
15 year — 19 year 7 8.14
20 year — 24 year 4 4.66
> 25 year 6 6.98
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Table 2 Satisfaction towards printed media for the technology transfer of turmeric production

in Paphayom district, Phatthalung province

Satisfaction of media printed Mean S.D. Description
Media content 4.27 0.65 Highest
1. The content is clear and concise. 4.16 0.85 High
2. The content has the right amount. 4.19 0.82 High
3. Contents are presented in an appropriate. 4.19 0.79 High
4. The content is easy to understand. 4.29 0.85 Highest
5. The content is valuable and suitable for learning. 4.33 0.74 Highest
6. The content is accurate and complete. 4.34 0.76 Highest
7. The title is consistent with the story. 4.38 0.72 Highest
Media illustrations 4.25 0.74 Highest
1. The illustrations are sized appropriately for the size of the 4.16 0.91 High

media, and they are beautiful and enticing, making you

want to read.
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Table 2 (Continued)
Satisfaction of media printed Mean S.D. Description
2. The illustrations and text on each page are consistent. 4.24 0.88 Highest
3. The illustrations can convey meaning that matches the 4.25 0.87 Highest
content.
4. The number of illustrations is appropriate. 4.26 0.87 Highest
5. The illustrations and font size are appropriate. 4.32 0.77 Highest
Media quality 4.37 0.62 Highest
1. Use language correctly, easily understood, and 4.29 0.85 Highest
appropriate to the age of the reader.
2. The font size is appropriate. 4.33 0.69 Highest
3. The size of the media is appropriate. 4.34 0.90 Highest
4. The letters are clear and easy to read. 4.38 0.68 Highest
5. The design is interesting and beautiful. 4.38 0.81 Highest
6. Using words appropriate to the story 4.41 0.71 Highest
7. The color of the letters is appropriate and conspicuous. 4.46 0.69 Highest
Total 4.30 0.64 Highest
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7 0.05 (Table 3)
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Table 3 Factors influencing the farmers' satisfaction towards printed media for the technology

transfer of turmeric production in Paphayom district, Phatthalung province

Independent variables Coefficient (b) t p-value
(Constant) 2127 2.276 0.040
Gender (X;) 1.206 2.516 0.026*
Age (X,) -0.016 -0.065 -0.019
Education level (X5) 0.373 1.717 0.444
Marital status (X,) 0.342 1.453 0.387
Experience in turmeric production (Xs) 0.008 0.031 -0.009

Std. Error = 0.463; Durbin-Watson = 1.650; R = -0.572; R?>=0.327; F = 6.330; p-value = 0.05

* Statistical Significant level at 0.05 level
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Maejo University prioritizes the development of Maegjo Municipality into the first agricultural and
food innovation district in Thailand that can drive the economy, society, and elevate agricultural
innovation activities. The development of the district requires an assessment of the readiness of the
innovation ecosystem from 3 types of assets: physical, economic, and network assets. Among these,
physical assets are considered crucial because they enhance the quality of life for residents and attract
innovation entrepreneurs to invest in the area. The study focused on the concept of innovation district
development theory. It aimed to assess the physical assets of the Maejo Agricultural and Food
Innovation District using qualitative indicators based on the innovation ecosystem assessment approach
and building understanding with stakeholders in order to plan and determine the direction for the
development of Maejo Agricultural and Food Innovation District in the future.

The Maejo Agricultural and Food Innovation District has demonstrated significant potential for
becoming a successful agricultural and food innovation hub based on its physical assets as follows: 1)
The location of the district is near the central business of Chiang Mai. The presence of thorough and
sufficient electrical and water supply systems. 2) The district's well-planned combination of agricultural
areas, residential communities, and commercial zones creates a conducive environment for businesses
in the agriculture and food sectors. (The availability of different types of spaces caters to the varied
needs of residents, entrepreneurs, and innovators, providing opportunities for collaboration and cross-

sectoral engagement.) 3) Maejo University plays a critical role in the district's development, offering
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valuable physical assets such as learning areas and business incubation spaces. Additionally, the
presence of expert innovators ready to support knowledge transfer further strengthens the innovation
ecosystem. Government agencies within the district that have learning, innovation creation, and
innovation testing areas add to the potential for technology and innovation development by
entrepreneurs. 4) The presence of financial institutions, markets, and transport businesses within the
district provides economic stimulus and support for investment in agriculture and food businesses.

(Access to financial resources and markets is essential for entrepreneurs to grow their ventures and

contribute to the district's economic vitality.)

Keywords: physical assets, innovation ecosystem, innovation district, Maejo Agricultural and Food
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Figure 1 Boundary of Maejo agricultural and food innovation district
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Analysis of Physical Assets in Maejo Agricultural and Food Innovation District
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Figure 2 Physical asset composition analysis in Maejo agricultural and food innovation district
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a. Global integration

b. Local integration

c. Connectivity integration

Figure 7 The morphological structure of the potential accessibility of Maejo municipality

and the innovation district
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This research aims to study the general information of farmers who produce safe agricultural
products (SAPs), assess their knowledge and understanding of safe agricultural products, and develop
strategies to elevate the SAPs farmers of the Ban Non Thong New Theory Agriculture Community
Enterprise Group in Khok Takhian Subdistrict, Kab Choeng District, Surin Province, to become smart
farmers based on the BCG model. A mixed research method between qualitative and quantitative
research was used for data collection. The qualitative research intruments were reasearchers and
research assistants, structured interviews, in-depth interviews, and focus group discussion techniques.
For quantitative research, a knowledge test was examined before and after knowledge transfer sessions
as a means of assessment. The participants included 20 selected members from the Ban Non Thong
New Theory Agriculture Community Enterprise Group, chosen through purposive sampling. The focus
group consisted of 13 representatives from the community enterprise group, 1 representative from the
Faculty of Agriculture and Agricultural Industry at Surindra Rajabhat University, 1 reprentative from the
Kab Choeng District Agricultural Office, and the 5 researchers.

The research findings revealed that farmers producing SAPs had insufficient knowledge and
understanding to implement safe agricultural practices correctly according to the GAP standards set by

the Department of Agriculture. Additionally, 19 farmers were identified as lacking the characteristics of
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smart farmers, thus being classified as Developing Smart Farmers group, while only one farmer met the
criteria of a smart farmer (Existing Smart Farmer). Development approach for upgrading these farmers
include providing necessary and relevant ongoing knowledge related to their current agricultural
practices, educating them on accessing essential information sources for decision- making, fostering
network creation between farmers and markets at all levels, promoting continuous knowledge and
support for obtaining various agricultural production certifications, offering additional training on
reducing chemical fertilizer usage and adopting biotechnological pest management, promoting
awareness of the importance of transitioning to smart agriculture, and providing guidance on adding

value to SAPs and promoting sales channels, especially for farmers with annual household incomes

below 180,000 Baht.

Keywords: safe agricultural products, smart farmer, BCG model
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Table 1 General Information of Farmers Producing Safe Agricultural Products from the Ban Non

Thong New Theory Agricultural Community Enterprise Group

General Information Number of Farmers Percentage
Gender: Male, Female 3,17 15, 85
Age: Less than 20 years, 20-29 years, 30-39 year, 40-49 0, 2,3,5,5,5 0, 10, 15, 25, 25, 25
years, 50-59 years, Over 60 years
Marital status: Single, Married, Divorced, Widowed 3,14,1, 2 15, 70, 5, 10
Educational evel: Primary school, Lower secondary 11,4, 1,4 55, 20, 5, 20
school, Upper secondary school, Bachelor's degree
Main occupation: Agriculture, General labor, Others 18,1, 1 90, 5, 5
Monthly average household income: Less than 9,32,4,2,0 45, 15, 10, 20, 10, 0
10,000 Baht, 10,001-20,000 Baht, 20,001-30,000
Baht, 30,001-40,000 Baht, 40,001-50,000 Baht,
Over 50,000 Baht
Main source of household income: Farming, Rice 96,3 1,1 45, 30, 15, 5, 5
farming, Gardening, Livestock farming, General labor
Household debt: Less than 10,000 Baht, 10,001-50,000 0, 4, 3, 1,3, 9 0, 20, 15, 5, 15, 45

Baht, 50,001-100,000 Baht, 10,001-150,000 Baht,
150,001-200,000 Baht, Over 200,001 Baht

Main sources of debt: Village Fund, Bank for
Agriculture and Agricultural Cooperatives (BAAQ),
Relatives Cooperative Savings Group, Agricultural
Group, Commercial banks, Private loan provider,

Leasing companies, Others

59111111

25,45,5,5,5,5,5,5
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Table 2 Agricultural practices for safe agriculture of farmers producing safe agricultural products

from the Ban Non Thong New Theory Agricultural Community Enterprise Group

Agricultural practices for safe agriculture Number of farmers Percentage

Land ownership: Own land, Rented land 19,1 95,5

Crops planted: Rice, Cassava, Sugarcane, Rubber, 9,7,2,1,1 45, 35, 10, 5, 5
Cotton and coffee

Duration of crop cultivation: 6-10 years, 3-5 years, 9,5 5,1 45, 25, 25, 5
Over 10 years, Less than 3 years

Types of animals raised: Chicken, Duck, Cattle, 7,3,3,3 2,2 35, 15, 15, 15, 10, 10
Swine, Buffalo, Others (fish, dogs, cats)

Duration of animal husbandry: 6-10 years, 15,3, 1,1 75, 15,5, 5
Over 10 years, 3-5 years, Less than 3 years

Farming experience: Over 20 years, 6-10 years, 4,6,4,2 1 35, 30, 20, 10, 5,
0-5 years, 11-15 years, 16-20 years,

Fertilizers used: Compost, Chemical+Organic 8, 6,42, 30, 40, 20, 10

fertilizer, Chemical fertilizer, Organic fertilizer
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Table 3 Comparison of knowledge and understanding before and after knowledge transfer on safe

agricultural products, smart farmer and BCG model

Number of Number of Pretest Posttest Difference Standard Calculated Sig-
members who members with average average inaverage  deviation tvalue  (2-tailed)
received scores higher or scores scores scores of the
knowledge equal to 15 scores
transfer
20 Pretest Posttest  12.85 19.60 6.75 3.98 -7.575%* 0.000
4 18 (S.D. (S.D.
3.45) 3.99)

** Statistically significant differences at the 0.01 level (p<0.01)
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