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Experimenting and Transferring Low-Carbon Mushroom Production to the Farmers
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*Corresponding author: pon-smil999@hotmail.com
Abstract

Mushroom cultivation is a way to utilize leftover materials and generate income for farmers.
The Office of Agricultural Research and Development, Region 1 (OARD1), has recognized the
importance of this agricultural activity, which led to the study being conducted based on technologies
from the Department of Agriculture (DOA). The objectives of this study were to test and demonstrate
the suitable practices for mushroom cultivation in the area, alternative substrates, and the transfer of
appropriate practices to farmers through the Learning Center in Huai Hong Khrai Royal Development
Study Centre via training and knowledge transfer. During 2009-2013, economic mushrooms were tested
to determine suitable types and cultivation periods. It was found that mushrooms grown in the area
had different suitable periods for cultivation throughout the year, namely Hungarian oyster
mushrooms, Bhutanese oyster mushrooms, abalone mushrooms, wood ear mushrooms, and lingzhi
mushrooms. The suitable cultivation period for these mushrooms ranged from May to September. For
shiitake mushrooms, the suitable period for cultivation was from October to February. For white log
mushrooms, the suitable period for cultivation spanned from March to October. For monkey head
mushrooms, the suitable period for cultivation was from July to November. The suitable materials for
cost reduction included a mixture of rubberwood sawdust and rain tree wood (1:1). The highest net
income, ranging from 15,000-43,000 Baht per batch per greenhouse (capacity of 2,000 bags), was
generated from Bhutanese oyster mushrooms. Since 2014, the appropriate technologies have been

transferred and tested by outstanding farmers. Between 2018 and 2022, technology training and
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transferring activities expanded to 27,122 visitors and 5,780 trainees. Moreover, the agricultural wastes
produced during integrated farming with mushroom cultivation were fully utilized. From this practice,
the production cost within the farm decreased by 26,284 Baht per rai per year. Carbon dioxide

emissions from the activities within the farm were reduced by 1,984 kg CO, per rai per year.

Keywords: mushroom cultivation, economic mushrooms, mushroom substrate, zero waste
low carbon
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Table 1 Production cost and the returns of mushroom cultivation in mushroom house prototype,

Huai Hong Khrai Royal Development Study Centre during 2011-2012

Mushroom Types Capacity Yield Mushroom Price Cost Net Income
(bags/batch) (kg/batch (Baht/kg) (Baht/batch  (Baht/batch

/house) /house) /house)
1. Shiitake 1,000 120 (fresh) 150-180 8,000 10,000-13,600
2. Hungarian 2,000 520 (fresh) 35-50 13,000 5,200-13,000

Oyster Mushroom

3. Bhutanese 2,000 700 (fresh) 40-80 13,000 15,000-43,000

Oyster Mushroom

4. Abalone Mushroom 2,000 400 (fresh) 60-80 16,000 8,000-16,000
(fresh)

5. White log mushroor 2,000 220 (fresh) 80-100 16,000 1,600-6,000
(fresh)

6. Wood ear mushroom 1,000 380 (fresh) 40-60 7,000 8,200-15,800
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Table 1 (Continued)

Mushroom Types Capacity Yield Mushroom Price Cost Net Income
(bags/batch) (kg/batch (Baht/kg) (Baht/batch  (Baht/batch
/house) /house) /house)
7. Ling zhi mushroom 2,000 70 (fresh) 1,800-2,000 14,000 13,000-16,000
15 (dry) (dry)
8. Monkey 2,000 200 (fresh) 1,000-1,500 14,000 6,000-16,000
head mushroom 20 (dry) (dry)

mushroom house width 4 m x length 6 m x height 2.5 m

nsldTaniesdunaunudideslfisnsislunisiziinney
nslduidesliinnugs 100 wWesdud Wulanmziiaven dsveznamsasymadulevesiia 66 Tu
FawrunimstiTanmisIldrunauvestidoslianugsludns 75, 50, 25 uay 0 Wesidud Fdldiian 61 Tu
o a < Y g o Y XA o Y ]
seegInMsWiNakEnvaaiavionul 90-120 Fu Manandeslianugsluiagmiztidesldenmns ludnsdaiu
25 uaz 50 Wosidud Tinandn (110 nsusieny) Indifssiunsldidesliiensms 100 wWesidud (120 nSusienq)
nsldanmizantideslinnugisnst 50 wWesidud naudulidesldenansn 8031 50 wWesidud lunsimne

Wiaview uenanazlinandniudy Saaunsaandunuladnsae (Hassarangsee et al., 2012)

Table 2 Mycelial growth and yield of shiitake mushroom growing in various proportion of para rubber
sawdust and rain tree sawdust substrate, Huai Hong Khrai Royal Development Study Centre

during 2011-2012

Rain tree sawdust : Para rubber sawdust Mycelial growth Yielding period Average yield

(wt/wt) (day) (day) (g/bag)
100 : 00 66 90 80
075:25 61 90 100
050 : 50 61 90 110
025:75 61 90 110
000 : 100 61 120 120

Wiatnunsnsaunuuladimaluladannnsudvinisinuasidldlunisndaidia laganizeg1989n1sly

dHeyliviosdunaunutidesldunmis Sudunmsuyuilsuninensniglunisu fe nsannisvuddiiey

niunilnaundndeuia awisaaanisuanUaesasueugusseinia Wedsuiaiiiuiiginandn
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|

wazaanslantasefinwesueulaeenladgusseiniaasla 1,984 kg CO, sialssol (Table 4)

Table 3 Cost reduction in outstanding farmer’s farm

Activities Production model Production Cost (Baht/rai/year)
Recommended Conventional Recommended Conventional Cost
Technologies Model Technologies Model Reduction
from DOA from DOA
1. Mushroom Local wood Para rubber 7,200 21,000 13,800
substrate sawdust? sawdust!
2. Fertilizer Spent Organic and 0 10,984 10,984
mushroom chemical
substrate fertilizer’
3. Fuel for Fuel from the Fuel from 0 1,500 1,500
mushroom tree pruning out source”
substrate within farm

sterilization

Total 7,200 33,484 26,284

Farmer’s production area 5 rais

!calculated from para rubber sawdust: 36 tons per year

Zcalculated from local wood sawdust: 36 tons per year

®calculated from organic fertilizer requirement 5 tons/year, chemical fertilizers 46-0-0 800 kg/year and 15-15-15 800 kg/year

“cost of fuel for substrate sterilization 3 tons/year
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Table 4 Carbon dioxide emission from agricultural activities in outstanding farmer’s farm

Activities Production model Carbon dioxide emission (kg CO,/rai/year)
Recommended Conventional Recommended Conventional Reduction of
Technologies Model Technologies Model Carbon dioxide
from DOA from DOA emission
1. Mushroom Local wood Para rubber 22 1,214 1,192
substrate sawdust! sawdust?
2. Fertilizer Spent Organic and 110 880 770
mushroom chemical
substrate fertilizers®
3. Fuel for Fuel from the Fuel from 0 22 22
mushroom tree pruning out source’
substrate within farm
sterilization
Total 132 2,116 1,984

Farmer’s production area 5 rais

!Calculated from local wood sawdust: 36 tons per year, transferring round-trip distance 66 km (Amphoe San Kampaeng,

Chiang Mai- Amphoe Doi Saket, Chiang Mai)

“Calculated from para rubber sawdust: 36 tons per year, transferring round-trip distance 3,686 km (Chiang Mai-Yala)

*Calculated from organic fertilizer requirement 5 tons/year, chemical fertilizers 46-0-0 800 kg/year and 15-15-15 800 kg/year
“Calculated from CO, emission from fuel (for mushroom substrate sterilization) transportation: 3 tons per year, transferring

round-trip distance 66 km (Amphoe San Kampaeng, Chiang Mai- Amphoe Doi Saket, Chiang Mai), using diesel gasoline

nsanenaamalulagnisuaniinAsegia

Faud w.m. 2561-2565 fiirousuduandnnmamisfiansegio o quifnunisiauiegedlad
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LALLENTYU SIUNIENEULTIU Iuunedu 27,122 518 (Table 5)
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Table 5 Visitors and trainees for the economic mushroom cultivation course, Huai Hong Khrai

Royal Development Study Centre during 2018-2022

Year No. of trainees No. of visitors
Group Persons Group Persons
2018 30 2,593 206 13,029
2019 35 1,985 115 9,016
2020 14 452 32 4,467
2021 12 270 11 140
2022 13 480 22 470
Total 104 5,780 386 27,122
35adNaN1TINY
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Abstract

This study examines the effects of fertilizer management on the growth, yield, and seed
quality of cherry tomatoes under greenhouse conditions using a Randomized Complete Block Design
(RCBD) trial. Five fertilizer methods were tested, each with 4 replications and 14 plants per treatment.
Method 1 involved applying fertilizer as recommended by the Department of Agriculture: chemical
fertilizer 15-15-15 at 30 kg/rai at transplanting, followed by 12-24-12 at 30 keg/rai every 15 days, and 13-
13-21 at 30 kg/rai every 20-30 days when the fruit was fully developed before changing color. Method
2 used the same fertilizers but with 13-13-21 applied at 20 keg/rai every 20-30 days. Method 3 applied
slow-release fertilizer (IBDU) 20-5-8 at a rate of 20 ¢ N per plant, split into 8 g at transplanting and 12 ¢
30 days later. Method 4 applied 13-13-21 at 50 kg/rai at 30 and 60 days and 100 keg/rai at 90 and 120
days, divided into two applications. Method 5 used a water-soluble fertilizer for tomatoes. The results
from an open greenhouse system showed that methods 1, 2, and 3 produced significantly greater
plant height, stem size, number of flowers per panicle, number of bunches per plant, and yield weight
at a 99% confidence level compared to methods 4 and 5. Method 1 resulted in the highest seed
count (7.75 seeds/plant) and dry seed weight (0.035 ¢/plant), though not statistically different. Under a
closed greenhouse system, method 1 led to the greatest increases in plant height, stem size, number
of flowers per panicle, number of bunches per plant, and yield components, including 29.15

fruits/plant, 245.08 ¢ fruit weight/plant, 60.31 seeds/plant, and 0.14 ¢ dry seed weight/plant, with
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statistically significant differences at the 99% confidence level compared to methods 2, 3, 4, and 5.
Seed quality analysis revealed no significant differences in germination and seed strength among all

methods.

Keywords: cherry tomato, fertilizer management, yield, seed quality, greenhouse conditions
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Table 1 Effects of cherry tomato fertilizer management on growth, yield, and seed quality under an open greenhouse system.

Results of growth, yield and quality of cherry tomato seeds.

Height (cm. Stem size Number of Number of Number of Product Number of Dry seed
Treatments per plants) (cm. per flowers bunches per products weight (grams seeds (seeds weight
plants) (flowers per  plant (bunches (fruits per per plant) per plant) (grams per

plants) per plant) plant) plant)

1 78.56 a 557 a 6.18 ab 3.76 a 36.58 a 227.25 a 7.75 0.035

2 74.28 ab 531 ab 6.00 ab 3.28 a 2730 b 170.00 a 0.00 0.000

3 75.14 ab 507 b 6.66 a 3.68 a 25.04 b 177.50 a 2.75 0.014

4 6793 b 511b 5.53 bc 1.85b 10.51 ¢ 85.75 b 2.25 0.010

5 43.00 3.79 c 4.98 c 1.39 b 5.45 c 39.25 b 3.50 0.015

ﬂ'ﬂLa?NIEJ 67.78 4.97 5.87 2.79 20.98 139.95 3.25 0.015
F-test/! *% *x *x *x *x *x ns ns

C.V. (%) 8.27 4.66 8.08 12.06 17.97 31.77 238.77 241.31

/1 ** = significant at 0.01 , ns = non significant

/2 Means followed by the same common letters are not significantly different (P<0.05) from each other according to DMRT.
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Table 2 Effects of cherry tomato fertilizer management on growth, yield, and seed quality under closed system greenhouses (EVAP).

Results of growth, yield and quality of cherry tomato seeds.

Height Stem size  Number of Number of Number of  Product Number of Dry seed  Germination AA-test
(cm. per (cm. per flowers bunches products weight seeds (seeds weight percentage (%)
Treatments
plants) plants) (flowers per plant  (fruits per (grams per plant)  (grams per (%)
per plants)  (bunches plant) per plant) plant)
per plant)

1 71.60 a 6.28 a 732 a 3.82a 29.15 a 245.08 a 60.31 a 0.14 a 100.00 96.00
2 64.53 a 547 b 579b 263 Db 18.66 b 156.57 b 34.44 bc 0.08 bc 99.75 95.50
3 66.10 a 534 b 549 b 259 b 1887 b 142.82 b 44.14 ab 0.10 ab 98.75 93.75
q 51.23 b 522b 543 b 1.83 ¢ 13.80 b 11347 b 19.82 cd 0.05 cd 98.25 88.00
5 43.60 b 4.45 c 537b 137c 6.69 45.86 ¢ 12.25d 0.03d 92.00 85.75
ﬁWLagﬁJ 59.41 5.35 5.88 2.45 17.43 140.76 34.19 0.08 97.75 91.80

F-test/! *% *% *% *x *% *% *% *% ns ns
CV. (%) 10.57 4.24 10.75 17.27 23.40 22.64 35.44 36.75 4.36 6.45

/1 ** = significant at 0.01 , ns =

non significant

/2 Means followed by the same common letters are not significantly different (P<0.05) from each other according to DMRT.
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Study on Statistical Techniques for Standard Plot Size of Stevia
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ZChiang Mai Royal Agricultural Department of Agriculture, Chiang Mai, Thailand 50230

*Corresponding author: keng.wisutt@gmail.com
Abstract

An optimum plot size and shape of a Stevia experimental plot was studied at Chiang Mai Royal
Agricultural Research Center in 2020. Four experimental plots with raised grooves were designed for
Stevia. The four-uniformity trial plot was 1x25 m? in width and length size, and the spacing between
plots was 0.5 meters. The Stevia plants were grown with uniform spacing of 0.25x0.25 meters between
sprouts. At the harvesting stage, two basic units at both ends used as border rows for each plot were
discarded and excluded from the analysis. The basic unit measured 1x0.25 m? in width and length. Each
basic unit was divided into 4 rows, with 1 plant in each plot; all tested plants had 96 basic units for
harvesting. The data were arranged into plot sizes (11 sizes). Yield data from 4 plots of each tested
plant were analyzed statistically for the mean, variance, and coefficient of variation, and the relationship
between plot size and the coefficient of variation was determined using the equation Y = aXAb. The
calculation results for the year 2020 were Y = 12.32XA-0.49 (R2 = 97.39%). For 2021, the results were Y
= 19.36X7-0.40 (R? = 96.71%). The results revealed that the standard optimum plot sizes for agricultural
research of Stevia should be no less than 8 m2 of harvested area space with 0.25x0.25 m (4 rows/row,

32 plants).

Keywords: plot size, Stevia, uniformity trial, statistical techniques, coefficient of variation
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Figure 1 Relationship between the harvested area and the coefficient of variation of stevia yield, 2020
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Table 1 The coefficient of variation (CV(%)) estimates (CV(%)) from the equation (E(CV%)) and the ratio of the coefficient of variation (CV(%))

divided by plot sizes of stevia yield, 2020

Plot Size

crop 1 crop 2 crop 3 crop 4
(m?) CV(%) E(CV%) Ratio CV(%)  E(CV%) Ratio  CV(%)  E(CV%) Ratio  CV(%)  E(CV%) Ratio
0.25 41.24 37.56 22.48 24.16 25.49 38.21 24.98 30.12
0.50 35.17 35.28 9.13 17.07 1725 2764  20.80 2617 4817 2117 2385  25.08
0.75 33.37 34.01 5.08 13.66 1417 1234 20.10 2097 2079  19.32 2081  12.18
1.00 32.49 3314 3.50 12.92 12.32 739 17.92 1792 1220  18.09 18.88 7.68
1.50 31.61 31.94 239 12.07 10.12 441 1803 14.36 7.12 17.34 16.47 4.82
2.00 29.90 31.12 1.64 8.51 8.80 264 1588 12.27 4.18 17.37 14.95 3.04
3.00 27.25 30.00 1.29 7.00 7.22 193 1473 9.83 3.02 16.47 13.05 2.29
4.00 27.94 2923 0.77 7.46 6.28 094  15.01 8.40 1.43 15.59 11.84 1.20
6.00 28.10 2818 0.53 3.85 5.16 0.56 7.09 6.74 0.83 15.47 10.33 0.76
8.00 29.42 27.45  0.36 5.00 4.48 034 10.59 5.76 049  13.13 9.38 0.48
12.00 28.49 2646 025 3.57 3.68 0.20 1.08 4.61 0.29 2.93 8.18 0.30
Equation y,=33.14X"" §,=1232x"" §,=17.92x"” y,= 1889
R’ 80.97% 97.39% 72.86% 70.40%
= 4.32%
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Figure 2 Relationship between the harvested area and the coefficient of variation of stevia

yield, 2021
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Table 2 The coefficient of variation (% C.V.) estimates (% C.V.) from the equation (E(% C.V.)) and the ratio of the coefficient of variation (% C.V.)

divided by plot sizes of stevia yield, 2021

Plot Size crop 1 crop 2 crop 3 crop 4
(m?) CV(%) E(CV%) Ratio CV(%)  E(CV%) Ratio  CV(%)  E(CV%) Ratio  CV(%)  E(CV%) Ratio
0.25 44.10 36.31 38.52 33.55 35.63 32.32 34.10 43.12
0.50 35.60 33.05 13.05 24.07 25.49 3226  24.13 25.57 2699  25.82 25.91 68.82
0.75 30.73 31.28 7.08 21.21 21.70 15.14  20.76 22.30 13.09  19.26 19.23  26.70
1.00 26.77 30.08 4.79 20.00 19.36 936  18.13 20.23 826  16.14 15.57 14.66
1.50 24.81 28.47 3.22 15.49 16.48 5.75 16.72 17.64 5.18  10.49 11.56 8.02
2.00 24.10 27.38 2.18 14.31 14.71 356  16.28 16.01 327  11.55 9.36 4.40
3.00 24.45 25.91 1.70 11.06 12.52 264 1578 13.96 2.46 7.03 6.95 3.08
4.00 23.80 24.92 0.99 11.66 11.17 1.35 15.51 12.67 1.29 8.82 5.62 1.32
6.00 24.41 23.58 0.67 9.06 9.51 0.83 9.12 11.04 0.81 4.90 4.17 0.72
8.00 21.10 22.68 0.45 7.79 8.49 051 1279 10.02 0.51 3.63 3.38 0.40
12.00 28.18 21.47 0.30 8.95 7.23 0.32 7.16 8.74 0.32 1.37 2.51 0.22
equation §,.=30.08X " §,=19.36xX """ §,=20.23x " §,= 1557 "
R’ 66.77% 96.71% 92.29% 96.08%
F 27.00%*
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Study on Crop Coefficient (Kc) of Rayong 15 for using in Precision irrigation
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Department of Agriculture Rayong, Thailand 40000

*Corresponding author: pakdeethai@gmail.com
Abstract

Cassava is an important cash crop, especially in Thailand, which produces a large amount of
cassava. Water management is crucial for increasing yields. Cassava requires a water supply of about
800-1,400 mm during the planting season. The water-consumption coefficient (Kc) recommended by
the FAO ranges from 0.3 to 1.1. In each growth period, we studied the water-use coefficient of Rayong
15, a new variety developed by the Department of Agriculture. We planned a randomized experiment
with a total of five methods: 1) non-irrigation (rainfed), 2) irrigation at 12.5% of the available water
capacity (AWC), 3) Irrigation at 25.0% AWC, 4) irrigation at 37.5% AWC and irrigation at 50.0% AWC. In the
2022/2023 season, cassava was harvested at 11 months, and the treatment with irrigation at 12.5% AWC
yielded the highest production of 7,517 keg/rai, although it was not statistically different from the other
treatments. In the 2023/2024 season, the treatment with irrigation at 37.5% AWC yielded the highest at
6,370 keg/rai, which was significantly different from the other treatments. The crop coefficients were
calculated based on the water consumption of the reference crop using the Blaney-Criddle method,
resulting in average coefficients of 0.43, 0.82, 1.01, and 0.75 for stages 1 (0-150 days), 2 (151-190 days),
3(191-300 days) and 4 (301-360 days), respectively. It is recommended that these water-use coefficients

be used to design the smart irrigation control system for cassava in precision agriculture.

Keywords: cassava, crop coefficient, Rayong 15, evapotranspiration, precision agriculture
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Figure 1 Concept model for precision irrigation
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ANMNTUYDIAUNDUNTIAUT NMIAIBATUSINUMSITU eI ee1989l935n15u8s Blaney-Criddle Tnglafaunns

o
ETo = p(0.46Tmean+8) (1)
1ng p fio Wesiduilsyifuadsvosihlusnansiuiomaluszey 19
Tmean fis  Agumgiiade (%)
Tmean = (Tmax + Tmin)/2 2)
lny Tmax fo  gauuilasansieduy
Tmin Ao gampdmansieiu

Y

Table 1 Mean daily percentage (p) of annual daytime hours for different latitudes

Latitude Month
North Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
20 025 026 027 028 029 030 030 029 028 026 025 025
16 026 026 027 028 029 029 029 028 028 027 026 025
15 026 026 027 028 029 029 029 028 028 027 026 025

MunaAEuUsEaNs MslsunveaTud I Urunad (Ko) annusunaniinelyasa (ETo) waza1usununisigun

YBINY91984 (ETo) 9 Ke = ETc / ETo lagdminmn 9 7 Ju

NaN15I8

NAN1SAATIZIAY

Unswdn .. 2565/2566 wlamaassdsinveunny Ugniiudusnaeiugszees 15 Yasdatgggeu
Tududl 15 §urnau w.e. 2565 wadinsesiAueulgn WuIAUULRsERUAXNEN 0-20 Wwufwns Sy
n3A-Ana AU 5.4 fUunaBunIetngen 0.65 Wedldud Usnameanesaiiduuszlovigs 55 fadndy
seAlandu uazUTunalnunadeniiuaniasulduiunats 55 fadndudenlaniy drufudrsiisefuaiudn
20-50 1wuAlung faranandunsa-ane 5.6 fusuuduniedagen 0.55 1Wedidud Uunumeanedaniiu

Uselewia 62 fadnsuseilansy wazUSunalnuna@euiivandsulauiunats 68 fadnsusedlaniy

8n31UenUAIATIEYRY 16-2-8 N-P,05-K,0 nn.ls (Table 2)
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Table 2 Characteristics of Warin series at Khon Kaen province before planting cassava

in 2022/2023 rainy season

Soil depth pH! Organic? Available P Exchangeable K*
(cm) (soil:water 1:1) matter (%) (mg/kg) (mg/kg)
0-20 5.4 0.65 55 55
20-50 5.6 0.55 62 68

Peech (1965) soil: water=1:1; 2Walkley and Black (1934); *Bray and Kurtz (1945); *Schollenberger and Simon (1945)

Unswdn .. 2566/2567 wlamaassdsinveunny Ugniudlsnduiugszeas 15 Yrsdatgggeu
Tufui 22 waadnieu w.e. 2565 nadaseAuneulgn nulnAuuLNsERUAMLEN 0-20 wuRwns darnnudu

a o

n3A-Ang WU 5.9 fUiudunIeiagen 0.61 Wesldud Usinameanefaiiduusslevigs 65 fadniu
Rodlansy wazUSnalnwadoufivanidsulduiunans 45 fadnsusedlansy diufuasiissiuanudn
20-50 w3 faanadunsa-ane 5.5 SUSinaduvdeing 0.66 Wesidud Usinaumeanesaiiluusylevias
40 fadnsusedlansy wazUSualnuvaldeufivanidsulduiunans 62 fadnsusedlansy (Table 3)

8n31M5 M YenUAIIATIERAY 16-2-8 N-P,05-K,0 nn./ls

Table 3 Characteristics of Warin series at Khon Kaen province before planting cassava in 2022/2023 rainy season

Soil depth pH! Organic? Available P? Exchangeable K*
(cm) (soil:water 1:1) matter (%) (mgrkg) (mg/kg)
0-20 5.9 0.61 65 45
20-50 55 0.66 40 62

Peech (1965) soil: water=1:1; 2Walkley and Black (1934); *Bray and Kurtz (1945); *Schollenberger and Simon (1945)

N13L93yLiulAveiuaIUs naRINNIMARLY

U w.a 2565/2566 masaivlavesiudWendsiifinslmiuandaty Wetaaugsiiany 4-6 1o
wuimnnssAsdanugdldunnisiulumeada widotamnugeiiony 8 wWou nesdslsii 25% vesarug
arutuiiduusslonigaan (AWO) fenuganniign 213 wufums wioghdlsfnalinuanuunndsosrmiugs

\ilo919 10 \fieu (Table 4)
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Table 4 High (cm) of Rayong 15 at 4-10 months planting on Warin series at Khon Kaen Province

in 2022/2023 Dry Season

Treatment Hight (cm)
4 months 6 months 8 months 10 months

No water 101 170 210 ab 225
12.5% AWC 99 159 193 b 203
25.0% AWC 101 166 213 a 209
37.5% AWC 104 168 206 ab 207
50.0% AWC 104 172 208 ab 217

F-Test ns ns * ns
CV (%) 5.8 8.02 6.27 7.54

U .. 2566/2567 nsiassyiiulavesiuduzndaninisliiiunnseiu wednaiugeiieny 4-8 iwieu

! aaa | o aa Y d' & acn v o
‘W‘U’J']V]ﬂﬂﬁ'ﬁlnﬁllﬂ?’]ll'sjﬂvl’llLLWﬂ@’NﬂuSLUV]’Naﬂ@ Iﬂ&JLiJ@’Jﬂﬂ’JWiJQWI@WE; 4 U ﬂiﬁlnﬁi‘wuﬁl 50% VBIAITNY

Auguidulssleviaan (AWC) fwwalduliimnugaunniian 81 wufiuns uazilieinAugafieny 8 WWeu

n33uAsliN 12.5% vesrugeuduidulssleviasan (AWO) duwilduliimuaswnniign 192 wufiuns

(Table 5)

Table 5 High of Rayong 15 at 4-10 months planting on Warin series at Khon Kaen province

in 2023/2024 dry season

Treatment Hight (cm)
4 months 8 months

No water 65 174
12.5% AWC 78 192
25.0% AWC 76 171
37.5% AWC 79 177
50.0% AWC 81 173

F-Test ns ns
CV (%) 11.65 8.14
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wandn Wasidudulds wandnuds wazduiiiuien

T w.ei. 2565/2566 Andumaiufsmandatudsndadeay 11 Weou nudnsliid 12.5% Awc
Tﬁmamﬁmmﬂﬁqﬂ 7517 Alandy waldunndnslunsaddfunssaisou ludiuvealosidusiudslunssuis
oo Tedidudutisgsan 20.5% utliunnsindumeafifdunssuissu uasvhliuondmudslaiunnsneiy

Tunmsadfufendu saudesviiAuiielflddnnuwandislun1ads (Table 6)

Table 6 Yield and yield Component of Rayong 15 at 11 months planting on Warin series

at Khon Kaen province in 2022/2023 dry season

Treatment Height Yield % Starch Starch yield HI
(cm) (kg/rai) (%) (kg/rai)

No water 230 6,889 24.5 1,676 0.66
12.5% AWC 208 7,517 225 1,691 0.69
25.0% AWC 214 7,134 23.3 1,661 0.71
37.5% AWC 217 7,198 24.3 1,759 0.68
50.0% AWC 234 6,535 23.2 1,506 0.67

F-Test ns ns ns ns ns
CV (%) 8.14 13.8 9.9 18.57 7.76

U 2566/2567 \dlafiundniiony 11 wew wuimsliiluynnssuisludnavilianugs wWesiduduls
nandauds wazaviinuifeiunndsiulun1eadi winandnianlunssudsaliii 37.5% ve3r1uqAuTy

Mdudsslevilupulinandnuniian 6,370 nn./ls unnAaiunssuisduseeieddey (Table 7)

Table 7 Yield and yield Component of Rayong 15 at 10 months planting on Warin series

at Khon Kaen province in 2023/2024 dry season

Treatment Height Yield % Starch Starch yield HI
(cm) (kg/rai) (%) (kg/rai)
No Water 222 4,360 b0 20.9 911 0.60
12.5% AWC 195 4,760 b0 221 1,066 0.64
25.0% AWC 207 4,950 ab 22.0 1,093 0.65
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Table 7 (Continued)

WA

Treatment Height Yield % Starch Starch yield HI
(cm) (kg/rai) (%) (kg/rai)
37.5% AWC 209 6,370 a0 21.2 1,381 0.66
50.0% AWC 206 5,940 ab 19.6 1,155 0.64
F-Test ns * ns ns ns
CV (%) 12.39 19.59 13.25 27.78 10.18

AduUszANSN15 YU

PNKANTNNABIUAMAADIT I InvauLA UL WA, 2565/2566 Nanamvadsudd Usvaslifinnuwnnsng

Tuneadia Fslalidoyaanmmaaedul we. 2566/2567 Usinanidunaengguan 1,204 fadung S1uauiudumn

100 {1 IneUSuadmulailanszangegwainanenaengauan dvieidunnuiniasu1aieeunegig §9919

denasianisiasayiulnveaiudiUends dudUsndsiugsseas 15 GUsunumsidunasan 1,204-1,465 Taduns

(Figure 2)
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Figure 2 The total rainfall throughout the growing season (1,204 millimeters, with 100 rainy days)
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NansAaRIlenanansudUzndsannisldindissduanutunansesiulifauuansnduniaai
3533319 37.5% AWC ‘Lﬁwamﬁmmaﬁ'qmLLmﬂﬁhﬂumqaﬁﬁ Tunssuiseu Inelinanan 6,370 nn./ls
Vs il R omnunAuamadulssans msldinlnednes sanArusinanisldinvesinsadaves
Blaney-Criddle aueegiudnuenda (x, 1) Tneedinssandnisliih (o) e X Adnutundaugn

Kc = (-1.191x107X?) + (-6.287 x10°X?) + (4.801x107X) + (0.75383) (R* = 0.72%)

9naunTs (Figure 4) aansndssanamdulsyaninislitvesiudsviiug sves 15 1ade 0.43,
0.82, 1.01 waw 0.75 fiszeil 1 (0-150 $u) szzsendmaimunnsludiuvemssiy msunniaszexd 2 (151-190 )
Dussernmsssydulamnagidu uastenensnayane1ms svesd 3 (191300 $) Wuszegiifinisavanemns

szev?l 4 (301-360 1) Wussesfvvaemsasafivlauaziinmsialu USinawdslusaziiiutu (Allen et al., 1998)

(Figure 3-4)
Kc
1.40
1.20 - s 2 e® oo
: y = -1E-07x3 + 5E-05x2 - 0.0019x + 0.3036 o *%
R?=0.7291 ° ¢ o
.00 e '..‘
0.80 o © °
e o ° . °
0.60 . oo °
o o°
°
0.40 e ® o
........ 0. 8 °
0.20 °
o®
0.00
0 50 100 150 200 250 300 350

Day after planting

Figure 3 The equation for the crop coefficient (Kc) of cassava variety Rayong 15.
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Figure 4 Comparison of the water use coefficients (Kc values) of Rayong 15 cassava variety and FAO values
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warmssansihfianuddsensiiunanansudlzuds Wosanivsiadnovaussionnuduluiulas
(FAO, 2013) Asnaassfinaniuandliifiuinnissanisuiegamuizan InesiudUyndaiussrees 15
Tinandngadls 6.3 dusials FaunnnirAnaasundnnuluiiuiivily wasddiduisdnenmeesnisldmaia
nsdamsthiifiszavsnwlunsfianandn uesdlethdeyauiinunsliiunaiadumduusyannisli

JuAUAIUSHNUNSITUNve 9N ¥8 198 99 Blaney-Criddle agla Kc = (-1.191x107X%) + (-6.287x10°X?) +

o

(4.801x10°X) + (0.75383) 4ile X Arduauiunaslan uazdledwuSeuiisuiuarduusednsnisldunves

o

FAO wud Tuszeed 1 A1 KC AidnuinilagendnAii FAO wugil (0.43 Wiguiu 0.3) 813LAANALLANAIS

=

Tudadwanimuindounsonisiasgiavlafuanarsiuvesiusiud Usnasnldlunismeass szegf 2 A1 KC

]

o

neualaeglugien FAO wugd (0.82 Wisudugas 0.3-1.1) Fuwandbiiiufseuaenadodlugiaissesd 3

A1 KC Aeuiale (1.01) TndAeeduan FAO (1.1) F9U9uandemuniugivasaunisnisannaslussey
maasaiuled lusseed 4 A1 KC Adaldgendndi FAO wugt (0.75 Wiguiu 0.5 213iA1NANULANGN
Tutldvaninwindsunsanistasaaulafuanasturssnusiud Uzndanldlunisnaase wisgralsiniy

v 9

nslddeyaildinsigliansanununsiamaidfiukandndwsuiudlendesUssmelngligamngay
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Plant Species Diversity and Biomass between Remnant forest, Restored Forests
and Home Garden at Sop Puen Village, Huai Kon Sub-district
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Abstract

The study of plant diversity and biomass was conducted by selecting plot locations using a
Stratified Random Sampling method to set up sample plots for data collection on plant diversity and
biomass analysis in the forest patches (remaining natural forest areas), restored forest (income-
generating forest restoration project), and backyard gardens in Ban Sop Buean, Huai Koan sub-district,
Chalerm Phra Kiat district, Nan province, with three plots per area. The results revealed that the forest
patch area exhibited the highest plant species diversity, with a total of 40 species, 35 genera, and 24
families, resulting in a species diversity index of 3.21. The tree communities in this area had an overall
large tree cross-sectional area of 6.25 square meters per hectare, a tree density of 241 trees per hectare,
and the five most prominent species, based on the importance value index, were Padouk (Pterocarpus
macrocarpus), Siamese Olive (Canarium subulatum), Lithocarpus (Lithocarpus ceriferus), Shorea Siamensis
(Shorea siamensis), and Black Dalbergia (Dalbergia cultrata), with importance values of 25.89, 27.19,

23.81, 23.42 and 14.79%, respectively. The biomass values for trees in the forest patch, restored forest,
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and backyard garden areas were 99.82, 19.97, and 21.57 tons per hectare, respectively. This study
provides valuable data for the management of forest restoration and conservation areas, which are

important natural resources in Thailand.

Keywords: biodiversity, biomass, remnant forest, forest restoration, home gardens
UNANED
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N1IANYIAIINTAINNATLVDINTUATUIATININ AALADNWUTIIN9LUAIA2835 Stratified Random
Sampling LiteeuUasiiegavinisiivdeyannunainvatevesivgwazsinsnguadinwluiuivgoud
(NunUmaduiviosd) Uiuy (asinisadedrasiesels) uagaiumdsdiu luinundiwautu suaaeliu
SUNDLAAUNIZIAYIA T9iAUIU NuTiay 3 Llad Nan1sAneInudn Nuiingeudrdinnunainstinvasnssadls

= a v & a s Al w A a | o o - a P

wniiga wuvtialdvianun 40 vila 35 ana 24 19A dadviianuvaineile windu 3.21 daufivusnadivue
NuAntaalinglaesavndu 6.25 a1519unsaelenais daunuiiuuresiillngwindu 241 dussienms
warnusdaliinwdensuanaidvianuddsy 5 arduusn lawn Usea (Pterocarpus macrocarpus)

uznennaeu (Canarium subulatum) 1o (Lithocarpus ceriferus) 53 (Shorea siamensis) wagiiam (Dalbergia
cultrata) darduilannudfey windusesaz 25.89, 27.19, 23.81, 23.42 uay 14.79 mua1au USUNaunaginm
vasfulditufingeu ﬂwﬁuvj WazaEIUMAIUIU AAVINAU 99.82, 19.97 waz 21.57 AuUABLENAIS AINAIHU
mnmsfnwazdudeyalumstanisiuilumsitunuasniseysnemsnenstilid uumaminensidauen

Ya3UsEnelng

AR AIUVIAINYANENTININ W3 wdendn Univuyl adundsdny

Unlfifunsnennssssunnafidafyredanidesnniildifuunasazanaisvouvuinlngaesdan
wagsulifannsngadufingarfveulasenledainusssinmaudanifvasauliluguveanadininiisludoy
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UszneufunisiasunlanisduasssAauasdeay lianudosnisldninensualduasiudii evh
nsinwasindu Wumgldiinisynsnvihanedilifindudes q lasangnisyngnyanetludiufidu
viefiufigs saualifiinarnnissiivils deliAneuidemetomisnsaaenisdounium Taid1egu
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gaudsdnaziinnisviauaauiikazsruulnmdsauna 9INANINAINGTY AUAINTZNNTAUTITEAY
AUIUUTNIIVNUIT NIlETIHYTNIATUNANTENY FINTETIINMIUNTEIRT IR LTUNToUSNENTNEINT
Uldimdesglviagld wasiuduideninsulvinduinauysaldsfulagmgiuiisuin vl lrdnisdgnin
= P - o W MY a o A % ! v vee & &
Wian1seysnvuazUaniivinensdmsulivslnanisluaiuson n1sadresdn afreseladadusuimiaiug
Unsuihasisigniiate Tussvivusnwidh duytn wagegiviildeguiena aiadndiiinmensyuiunis
Anw saunan1siawIauamIaliundssavumundniasegianeiiiosniadild (HRH Project, 2018)
nansuilifalaanfulasinisadsesdanuivate q auielinisaduanuluaudvang waziunum
d1Aysani1sysganudunarmisaisuen udillasaindisulasinisdelidnisdisiauas@nwiaiiy
Na1NuaIgveIiiYkarUsuIMNIaTININ NM5ITeATIlTITngUssasAafnwiAuaInnaleveIn gy
= =~ & oA ! =1 o v o @ v o & o & A
wazUSuauiadinmvesiuivgendn Unuy uazarundatnu ieiludeyandndulunisdnnisiuiuay
lunsealumndesnisnsiudsnsiinyuvesiadininluiud sududselevise msuluasniseusnyg
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ningnsU limduuvaminensndnuaivessemelng
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AntdaniuiiUaInleIsn1sduuuudugil (Stratified Random Sampling) 31NUTELANVBINTS
THUseloniiinu Lﬁa’mLL‘LJaﬂé‘haEJ'N‘VTWmsLﬁuﬁagammmmﬂwmmaaﬁﬁu Tuiuiindendn Hufivaaiy
findoogianmdndutnaundaly) viluy (assnisairstnadaneldaildsunisugnitunituiinmaldy
lsdmlnauazlsiudusndemeldnaiulaiduszozinan 10 ) wavarundetiu (ﬁuﬁmuu%nmﬁmﬁﬂgﬂ
Wwdannnin 50 9) fuitay 3 uwlas nswlasdnnmanudasdisiasasiudeyadmnsulasainsussny

[

Unlsfvesvuiaudasdaeg sil TGO (2016) uuzit Ae ulasdindsudniavuin 40x40 was (vuim 1 15)
fadvunaulasiadsitosnd 115 fednduginldvunvesaugaesiulsifigeiandunas lnsusazuuas
¥msnaudassied
1. audasuunn 40 wms x 40 wns uituiivedout ﬂﬁxlyuﬂgl LavaundTy utasiuisiuay 3 uwlas
melunvastaduudasdosvunn 10 was x 10 was sandu 16 uwlasdes ndeumuvaduuladosaun
4 10T x 4 1WRT hag 1 1WeT x 1 1ag U%nmyﬂmgmﬁwmLLanaJ'aa
2. nudeyasiuly
1 lne) (Tree) 319utastosvuin 10 WAT x 10 1was ¥n1siaauladfseduen 1.30 s
(Diameter at breast height: DBH) 81nn11m38Wniy 4.5 9.4, m’mqmgmm WATYUIAAIINNTIIVDINTIN
WUANERETUIN 4 LUAT X 4 LUAT
anbdl (Sapling) Saauladiszdiuen 1.30 wng teundn 4.5 v,

nanld (Seedling) wlaswuin 1 wns x 1 wes dudruaunaild (Seedling) MWuvianum
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1. Tinssnvianudifguesvilnld (Importance value index, IVI) aeiiaarunainedln (Species

[

diversity index) IngUszgndldaunisves Shannon-Wiener LuAgnilsildsunissensuuaziimnldosis
unsvanevslugunnsarsaamefianssa Saunnslunsiuadignsae Kutintara (1999) fiil
H =-% piln (pi)
g H fs Advdauvaineiln Shannon-Wiener index
oi Ao dndruszuinesiuuduliivin | sosuaudulsfmun
2. '3miwﬁﬂ'%mmma%m‘wmﬁaﬁuﬁuimaum'iLLEJaIaL,m%GU@q‘t'hLUz:gﬁ]WiﬁmLLaxLﬁ\‘ﬁa (Ogawa et al.,

1965) @un1snatl

We = 0.0396 (D,H)0.933
W, = 0.00349 (D,H)1.03
W, = (28/ (We+Wg+0.025))
W+ = Ws + Wg + W

BGB = Wy (0.27)

3. adinmassliaIngun1sues Maki et al. (2008) dunssal
Wo = 0.141 (dbh)**®

0.0715 (dbh)**

0.125 (dbh)*®

We

W,
NAN15ILLAZ AT

AMUNANNRAYVDINY

Han1sAnwIAUaInylavesnssaldlunuindaudn Wilvg wurdaldvanun 40 ¥iia 35 ana

v a

24 134 fiadvilanunainvile windu 3.21 deauiisuinaiivuienunnindalilvalagsaumindy 6.25

n5.4./18n015 danuruinduresldivngwindu 335 Au/ianas (Table 1) wazwurdaliinudofiarsanainad

v o w o w

Audaudifgy 5 arnunsn Laun ‘Uiz@' (Pterocarpus macrocarpus) Uznantndeu (Canarium subulatum)

<

ugne (Lithocarpus ceriferus) 53 (Shorea siamensis) wawiine (Dalbergia cultrata) finsaiiaanudfy

wiriuFeeay 25.89, 27.19, 23.81, 23.42 uag 14.79 auaau Tdvu wunssald Wae 7 wila 7 ana 6 9

a1l oA

fadviianuvaineia Wiy 1.76 dpuivusnaidvueiuividalivyulagsiusindu 0.01 as.u./enes

o

fanuvnuwiuvasliviuwiniu 781 du/ienans (Table 1) uaznuvdaliivudlofansananAdyiaudfgy
5 drsunsn taun uzne (Lithocarpus ceriferus) \Wa1maae (Croton oblongifolius) Wt (Catunaregam
tomentosum) w14n1113 (Wendlandia tinctoria) wagizian (Antidesma puncticulatum) fipdudainnuanAey

wihiu¥esas 98.49, 50.70, 43.44, 32.71 waz 29.08 muansu nanls wurlaliiomn 9 vin 9 ana 6 A
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1w

faetlanuvannuiia Wiy 1.76 fanuvunsiuvasnarliivindu 17,500 du/ianens (Table 1) wagnuydalilieay
dlefinnsananaduinnudifey 5 druwsn lun fuwan (Bixa orellana) W& maaa (Croton oblongifolius)
0138 (Cryptolepis dubia) uznie (Lithocarpus ceriferus) wagsizidieUdes (Ficus hispida) SAdaiiAnaudfay
Winudesay 28.14, 27.71, 23.37, 2331 uay 18.61 sudisu druldluniuiingeuvnuli 2 viln Ae laus
(Bambusa nutans) wazlels (Gieantochloa albociliata) Sireutimnuvainsiauedii Wiy 0.69 SAnuwuiuly
Wiy 245 ne/tanms (Table 1)

wansAnuanuveneinvesssalilufuiioiiug lilve) wwelelsieomn 22 olia 21 ana 16 298
fendimuvainada whiu 1.92 Fauiisusnaiivneiuiinidaldinglnesusihiu 1.68 asa/ienms

o w

anumunuiuvesldlugwindu 585 Au/ienes (Table 1) wagnurialilinudiofiarsuianainviinudfay

<

5 asuwsn lowA d1le (Paranephelium xestophyllum) d@ule (Citrus maxima) W1 (Nephelium lappaceum)
w329 (Mangifera indica) wazduden (Bauhinia malabarica) frfuiidnauddey wirfudesas 91.84,
58.99, 49.26, 31.07 waw 11.99 udiy Wiy wuwssadls! v 4 4l 4 ana 4 29 Tedadanumanyin
Wiy 1.61 dsaufinudnaiivuaiuiividelimilaesiusiifu 0.002 a1aiened farumuuiures
Tsfmjaindu 260 du/ienang (Table 1) waznurdalifiduidefiarsanaindrdvdanuddguinian leun
FuLAAU (Diospyros ehretioides) UadLAs (Pterocymbium tinctorium) duden (Bauhinia malabarica)
wazduly (Vitex quinata) simawstiaiainudnagy winduSesaz 74.34, 68.96, 55.11, 54.64 uay 46.92 MuUaGU
n&lsl wurdialdfanun 9 9lin 9 ana 8 29 derdvdeuvainaia Wiy 0.37 farumuiuduesndils
WA 8,333 fiu/lanans (Table 1) waznuwdalil lokA nsuwwn (Aporusa migricans) Sinaviiandifey windu
5.15 @u nawdn (Vitex peduncularis) azwun (Lagerstroemia floribunda) Usza 9 (Pterocarpus mocrocorpus)
W33 (Psiium guajava) Wiy (Antidesma sootepense) a1le (Paranephelium xestophyllum) duiden (Bauhinia
malabarica) wagelanla (Persea americana) dmasiaudAey Ao 4.36 AU ehulsiﬁwu‘[,mmmﬂﬂﬁuz\lj
1 3 9l laun Wsan (Thyrsostachys Siamensis) s (Gieantochloa albociliata) wagluvius (Bambusa bambos)

19

fasvianuvainviinvedla Wiy 0.76 HANUAUMUUINAY 47 ﬂ@/Lﬁﬂ(mﬁ (Table 1)
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Table 1 Plant communality in remnant forest

Community characters Remnant forest Forest restoration Home garden
Tree Number of species 40 22 25
Shannon-Weiner index 3.21 1.92 2.65
Basal area (m“/ha) 6.25 1.68 2.42
Stem density (stems/ha) 335 585 208
Sapling  Number of species 7 5 3
Shannon-Weiner index 1.76 1.61 0.95
Basal area (m%/ha) 0.010 0.002 0.004
Stem density (stems/ha) 781 260 260
Seedling Number of species 9 9 1
Shannon-Weiner index 1.76 0.37 0.24
Stem density (stems/ha) 17,500 8,333 833
Bamboo Number of species 2 3 1
Shannon-Weiner index 0.69 0.76 0.36
Stem density (stems/ha) 245 a7 18

uan1sAnmAEsansiavesssaldlufiufiaundsdn Wy wuedaldfmue 25 4in 22 ana
15 296 fArdaiianuvaineila wiiiu 2.65 Frufivusnaiiawaiuinidaliingleesiumiafu 2.42
P9.4./18n015 daunuinduvesldivgvindu 208 du/tenans datasdainunainaiea 1ndu 0.69 faanu
UL 245 ne/snan$ (Table 1) waznuwdalivudiofinsanainasuidnnudfay 5 aduwsn eun
YYU (Artocarpus heterophyllus) U3 (Litchi chinensis) 153 (Psidlium euajava) 1g4 (Tamarindus indica)

a1 v A 1 i %

wazNzU9 (Mangifera indica) IAilANAINEIARY WiNAUTesay 45.65, 44.45, 29.46, 28.17 wag 21.29
paddu oy wunssalls Vv 3 a3 ana 3 29d dendvdarumainaiin wit 0.95 dseufieuTind
fuaduiinddalsalnesusiiiu 0,004 3uAennns fanumuiuduesliminiiu 260 fuiennis
(Table 1) wazwuatialil lawn nuw (Coffea arabica) ale (Dimocarpus longan) wazdule (Citrus maxima)
ndlsf wudnldiites 1 vila Ao WS (Psidium euajava) Nuitanumdstu wuld 1 vila Ao Wus 91nnnsAnw
Aaluit uf arundaunvedefedruuindulduadudy wasiieieuslan WU saduNI5A nYIves
Lattirasuvan (2012) l8@nwanumannvansvesfislugiundatnusiuay 16 arundadu luiluil s1neaos

Jandauns wurdaiiy 168 viia Usznoulusie Widusiu Wiy wazlddu 9 Aldussleviduiivonns wazlivszdu
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BTN

MnmsUssfiunatinnvesifuiivdout wuin wiadInmsmvamssalinnylia dawirdu 99.82
Au/iened duradinmvedldlveg 73.63 du/ienmis uarlugnlifiuiadinimsiuindu 0.03 du/enms
(Table 2) Wofinsanduneviafiviiinadinmnniigaluiuiingoudn 5 Suduusn léur Usequenen
\ndou nsrun §1 uazdeuny udazslndaunadanimindu 19.80, 9.95, 8.54, 7.83 waw 5.44 du/isnans
sy drumatanmeedlilufiufiveeuadidwingu 26.15 duisnang (Table 2) daFeufisuusina
1aTan v anssaiiinsinvluiiuilndfsafewinnanisinwves Kawinpolasa et al. (2023)
Agimsanvsinansinfuasvenlunatinmvemssaliitnuganssavinaluiufimbedanisiuh
Vgavund 81bnevjatne Jaminuiu du3atinimeiu (Total biomass) venssaliinnuiln fe 423.01 du/ienans
geluiuiingentivestuavdudilévhnisdnuiinatanmiidosnimnfumaegiuiimisedanisiud
vheazunanuauysaivestl 01gveatn AnumuLuvesiulifininny wilidunnindlewSeuiiieuiu
nansAny Iatanmsmmemssalinvdauinaiguruvusadn sunelangs Sandnaszud Afldviniu
54.55 AU/AENAS ‘1'7iLi‘]‘uﬂﬂgﬂuywéiummuﬂﬂﬁamwL?ia:ﬂmu (Kanhom et al., 2019) Uad86i13 9 Azdinane
USnasnatinim 1wy esdUszneuvesdsaniiv dnvaiznlivssma giionia uaztladowndendu 1

ma%amwmaﬁuﬁﬂﬂﬁuvj nuIIadInmsInvesnssalinnyda dewvindu 19.97 du/ienans

waBinmvadliilvg 9.09 duienais uazlugnlifintadininsiuwvindu 0.006 du/ienas (Table 2)

PN

= a A da = a & oA & v o Y 1o [y '
L4 WmiimL‘U‘LﬁﬂEJGU‘ufﬂW‘UVl:umammwmqumiuwuwUﬂﬁ/\luvj 5 9UAUKTN "LWLLﬂ a']VLEJ ﬁllI@ N1E USHN LAY

dLEe7 TunaTdinmusassiawingu 2.99, 2.62, 0.97, 0.65 kay 0.39 AU/EAANS ANUAIRU @UNIATINTNVDILHN
Tudlufitftundieiiu 1087 #uisnms (Table 2) Wadsuileuifunisfinwues Somprakon et al. (2024)
nMsUsziiuiadanmvesiiufiviliuyiifiony 8 ¥ wuin maadinimsam (Total biomass) vaanssaild
ynwiin fewinfu 216.45 du/ienms Taswlafieshnatanimun 5 usn ldun Gmdn (Senna siamea) 911193
(Samanea saman) wnw (Albizia lebbeck) dx#® (Parkia speciosa) VU Fadufivadin (Fabaceae)
Aduldlongr Faumndrsaniiuiidviinsinuegiiulinalad fadunisdnuidninavestadouwndon
Tumane 9 s aphlinsuisdedeidmalmAnnuunnsisveanadanmvesiulsl mndnisdanig gua
LLazmiaw%’ﬂ@ﬁuvjﬂﬂﬁﬁﬂizﬁm%mmzsdwﬁ«,a%ﬂﬁé]’uiﬁﬁuumLﬁﬂLfﬁzyLaiﬂ,mL*T;Juiﬁsuumimgl,l,azﬁﬂ%mm
ATty

natinmvesiufiaumdsiu nuiwnafinmrmvemssalivnvda dawiiu 21.57 duienans
watnmvedlsiing 18.21 fuiening uaglugnlifinadinmsmindu 001 fuienms (Table 2) lefiarsan
Hunesiafiviifainatinmanniigalufiuiio iy 5 Suduwsn 1Wun ayu uvrm Ul uede wasrsas uioesia
finadimmiefiuny 6.98, 3.67, 2.14, 1.51 wag 1.37 WU 62.76 Hu/8n135 ANNASU UIaTININVDILHN

Iuﬁuﬁﬂﬂuvjﬁﬁ%ﬁﬁu 3.35 §u/Lanens (Table 2)
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MnransAnyINd Rufindoutiviinunadanmuesiuliuiniian Wesnnfiufividaduiid
dulsivawdeagfanniidulmaundaly sesasn Ao muvdein wasiuiiviiuy fulnunatanims
TndiAssiuilosndassiufitfuiinisgniinfindetu dusnnasdulinaifldviinauarlifioldusslond
fiflongnisUgnandeust 1 fsnnndt 50 U Fennsfinwedsdanduliilufuiivosfunfiugnitundelie
wagliiung sdausnuldinilildvgnnssmedanfdiulfidudnannsussid unaiinm fo dudes
wazlivrsssueAdu « LLamﬁqdwﬂwﬁmjﬁmaﬁuvjmuﬁiﬁmwa%qL?;Juﬂﬁa%’wﬁuﬁﬂﬂﬁamysai Bsdtoindums
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Table 2 Biomass in remnant forest, forest restoration and Home garden

Land use Stem Branch Leaf ABG total BLG root Total Bio-mass (t/ha)
(t/ha) (t/ha) (t/ha) (t/ha) (t/ha)

Remnant forest Tree 45.61 10.36 1.99 57.97 15.65 73.63
Sapling 0.02 0.01 0.01 0.02 0.00 0.03

Bamboo 20.23 4.42 1.49 26.15 - 26.15

Total 65.87 14.79 3.49 84.16 15.66 99.82

Forest restoration Tree 5.95 0.96 0.24 7.16 1.93 9.09
Sapling 0.00 0.00 0.00 0.00 0.00 0.00

Bamboo 8.61 1.77 0.48 10.87 - 10.87

Total 14.57 2.74 0.73 18.04 1.93 19.97

Home garden Tree 11.42 2.42 0.49 14.34 3.87 18.21
Sapling 0.00 0.00 0.00 0.01 0.00 0.01

Bamboo 2.77 0.48 0.08 3.35 - 3.35

Total 14.21 2.90 0.58 17.70 3.87 21.57

Remarks : AGB is above ground biomass and BLG is below ground biomass.
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Study on some Soil Physical Properties and Tree Species Diversity

in the area of Food Bank Royal Initiative Project at Mae Hong Son Province.
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Abstract

The purpose of this research was to study some physical properties of soil, namely soil hardness,
soil moisture, and surface soil density (0-5 cm) and sub-surface soil (20-25 cm), as well as plant diversity
and tree species diversity in a dry dipterocarp forest in the Royal Initiative Project area, Mae Hong Son
Province. Implementation involved random sampling plots of 40x40 m at the top, middle, and bottom
of the hill, covering 3 rai per area, totaling 9 rai. The results of the study found that the hardness of the
surface soil in the lower hillside area was the hardest, and the soil moisture was the highest at 19.11
mm, with a moisture level of 5.33 percent. The sub-surface soil in the hillside, middle, and bottom of
the hill showed similar values. Regarding the plants on the hillside, a total of 7 tree species, 6 genera,
and 4 families were identified, with a Shannon-Wiener index of 1.20. The dominant tree species based
on the importance value index were Shorea obtusa, Dipterocarpus tuberculatus, and Gluta usitata. In
the middle, 13 tree species, 12 genera, and 8 families were identified, with a Shannon-Wiener index of
1.72. The dominant tree species based on the importance value index were Dipterocarpus tuberculatus,
Shorea obtusa, and Gluta usitata. At the bottom of the hill, a total of 31 tree species, 27 genera, and
20 families were identified, with a Shannon-Wiener index of 2.41. The dominant tree species based on

the importance value index were Dipterocarpus tuberculatus, Shorea obtusa, and Dalbergia cultrata.

Keywords: soil hardness, soil moisture, diversity, vegetation structure characteristics
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aeAusznovrdalddurosdnaeds Tl uiilasenissu1A1se M syRgus Ul e N nIz 519613 J9nin
wigasaou 1ng119uUadiiog 1MuUUANIRIEI9 YA 40x40 LuRT VST (T) naewn (M) wagaia (L)
fiudas 3 15 sauviadu 9 15 namsfinwinudn anuudwesiuduuuuinuauniinnuniavesiu uazanuiuy

a o Y a a Y & a & = |
IUQUN’IﬂWﬁﬂ AU 19.11 UAALUNAT NTTAUAINUYU 5.33% Lmﬂuﬂmumwinmumm AATILVT LAY

ISP %

fenlndfisaiu WeRiansannssaldusianuwe nullilngnavun 7 9ia 6 ana 4 wd dadviinnuvainyin

vala

wirdu 1.20 vilaldifidadvdaud1dyaan 3 aduwsn Ae 169 (Shorea obtusa) Waa (Dipterocarpus

N W

tuberculatus) wagsnlneg (Gluta usitata) nanauwuldlvevianun 13 wila 12 ana 8 1A Tedviiaruvain

¥iln Wity 1.72 wialiffiedvinmudd waaqm 3 duusn A wad e wazsnlueg uazaruw wuldlve

wnfian wiriu 31 via 27 @na 20 29 Sendvdianuvainie wiiu 241 vlalidadsinnuddygean 3
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AAULLIN AB WAN LAY LAAAN (Dalbergia cultrata)
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snalduseloviannninennsiu mamnansauaznies anlunsinsedin uenandaududunsnensudniidainy
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Aenlowelanuduiusiunsnenssssuridunarssuuiinedu o sgrafuseuu wu fukazdnlyd fukazi
Aunarernia Wesnnfuduundddiansuasanimuandeuiidfysofsuasdniludenuuiedin Juundada
wilevesiivuasiiegodevosdnd Tpuity 519011113 AUANEAUNYI wazunasenfevauivvesdnd Azt
auddesRusieauanuatsuazaduluresdauwiinuazsyuuinelunsiazuied Sududesi
nlusesbinuauladufivey (Kutintara, 1999) dnwaizduiinnuiuwdslumuaningivszme WU
ffulnd Auduaudsdnuiunans winudaugauasysoidfeinun Wufuiifeanfuduiideiiunndretu
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(Species composition) ¥ilnaldisauenau (Dominant tree species) S1uruviinlil (aipecies richness) A3
nanuiln (Species diversity) Lazdiauie (Duangthip et al., 2022)
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Aodni uw I ednd fd &1ﬂ5qmﬁui (Office of the Special Committee for Coordination of Royal
Initiative Projects, 2019) agndlsfmunsnusuteyafiuguaruvarnvaismsdanngslafnssudunis
sghaduszuulnsiamzludinvemssaiy sutadagiudmindoyaauiffumanieninuiasens wazay
wanvasvesiinianifudeyaiiugiudmiunsinmsduammanvanesvesmssals! Tuiuilassnnssunaig
o1 sgususioanannazsii3 Sufnuigosaou uasiaudesonlududy 9 dufu Tngusvasdlu
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¥

W1 waza1a Tuiuiuisssuniveddasin1ssuinsomnsyususulile w5193 Jamdnusdgecasu
Wesniianuaesnadesiudnyaenuiidnlvyveswminuidesmouniinisilldusvloviinniign dadaya
A9Na1338U lUFWINIIN TR AU AU UTUNVRIN UN LATINITEUIATO M SYUIUS LT 831190
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gUnNIULAZITNS
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gunaies Jminulgosdou USnaNuAY AU (T) nanawn (M) wara1an (L) anfiunsfinwisening

LRousuIAL W.A. 2566 (Figure 1)
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Figure 1 Studies area in the area of the community food bank project
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msiutayaninauny
maiudoyadu

1. Maudasusnaituiivn (Top) Na19La1 (Middle) wazanaian (Low) 31uau 3 15 Tuudazszauaiu
g4 (Top: 340 wms Middle: 290 Lums Low: 240 LUnT Mnspiuimziandeuiunans muddy) uagseiuay
a1a%u (Top: 5% Middle: 1% Low: 3% puddiu) vnsnaudassunn 40xdo s Avunganananaudaslyi
usiazssinaiy 5 was Wuguruadenyy Wievihnsifuteyaiu auiBnisues Thanakom (2012)

2. ffuanuudaf uwuad « Tagldias 0afle Soil penetration tester wazn1siAivAITULT Ay
Tunuueu Tneldiadesile Yamanaka—type push cone penetrometer ¥hnsyaviguawan 30 wal. (iudeya
ANULTARY quas 3 91 FiRutuu (0-5 1) uazAuduana (20-25 wa1) mABn13ves Tanaka et al. (2010)

3. 1ufeg AU ensrdeuiufieg13au (Soil core) 3 auroulas wauar 3 a1 AiAuduun
(0-5 %3.) wazAuduans (20-25 a.) Siasizsinnuiuluiu (%) warauruutuvesiulaesay Bulk density)

A835 Core method (Blake and Hartge, 1986)

nsiiudayanssasld

1. 1uUaefI98 19U UUENLNZY (Purposive sampling) ¥u1A 40x40 LIRS Tuusnadiluiegeiia
Ypsderniiy MntunUaunlasgosuunn 10x10, 4xd wag 1x1 1S nnsiiudeyadiuesduszneulddunn
wlasdae

2. aelundasvuin 10x10 wns Gufindeyalsling (Tree) Ao ldduffvundusitugudnaia
(Diameter at breast height: DBH) 1101114301110 U 4.5 9. ﬁ'mmqwmﬁyuﬁu 1.30 a5 wlaguun
axa wins Tufindoyagnlsl (Sapling) Ae Tifduiifvuinidusitugudnans (DBH) Younin 4.5 e, fimnugsann

WUAY 1.30 lwns lazuUasuun 1x1 waes dudiuaunaild (Seedling) INUNsviun

nsAATIEvidaya
Ansendoyanu

1. Siszdaundwosiulunwans Tnstharanundwesivluluifiisadundsnnsin vuwny
WUIUBU AULLINIGVBS Sakurai (1995)

2. Aipsgrinnuudesivluiuiuey Anudy wasauvunuly Tne3inis ttest fiszsunnudortu

95% selusunsud 53U SPSS

anwarlaseEiuazasAusEnaus AN SNy
AN YULRIRUTENaUTTANUT VR ILAA FIANNYR1ULUININVBY Marod and Kutintara (2009)

Tnwanataudingyessialil (Importance value index: IVI) 31nA1591AIUUUILLY (Density, D: AU/
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AGRICUL TURE

s % A A v oo . s a ¢ & & A
WWAMIS) AULAUATUNUNKUIAA (Dominance, Do: §5.4./80713) kazA3ua (Frequency, F: LlUasiaun) Lo
MANAMNFURNSTIELAIRINET FINATIMVDIAENANSTIEUAIazInAuAIRYTaudRyvesldau uagm

ARrtAuaINTile (Species diversity index) #3@un13 Shannon-Wiener index (Magurran, 1988)

NAN15ILLAZ AT

AULT YR IAULUIAS

Rudtuuin (Top)

AMULT VIR UUT I UL Iuﬁ"uﬁimamiﬁmm3mmﬁﬁqmué’uLﬁaqmmnwzzﬁweﬁ’ﬁ oKl
Lalgeadan HANSANEINUTIN ALLdFuvesium 3 an (T1, T2, T3) Lﬂuﬁumuﬂmqa&uﬁﬁizﬁuﬁ’mﬁﬂﬁuﬁﬂ

o % a A& a = = O ! 9 = o | % a =
AUAN 2 FU. AIULYIAUNLTUAULYY ANUANFAILA 3-7 YU, FTAUAINUANAILG 8 . aﬂvL'LJLU‘U@uLLGUQlHﬂ

Tuuganuiidnvazidulng (Figure 2)

—T1

—T2

T3

depth{cm)

20 4

30 4

Figure 2 Horizontal soil hardness in the top of the hill
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AuUNNa19w (Medium)

AMULIIVDIAUUTIUNGINYT NANTANYINUTT AIULTIRUYBIRWIN 3 90 (M1, M2, M3) 1Tufudu

v a v

nanvegfiszAuRIntnAuirudn ¢ wu. anuudaiuidufuuds mnudndaws 5-11 9. szauaUENATS

12 earagldidupuudenn (Figure 3)

S SRERARS
|

depth(cm)

20 4

Figure 3 Horizontal soil hardness in the middle of the hill

¥ ]
NuNa191 (Low)
a | P ] & a a & s & a P
UILIUAVT NANTITANWINUIT ANULLYIAUIDIAUNG 3 7\19] (L]., L2, L3) NﬂqﬂjqﬁiLLsUﬂﬂu‘lJ']Uﬂa'Na%V]
v a Y a = = & a o & a < = 5 1 [y = 5 1
SLAUNINUIAUDIAINAN 2 FU. ANULTIAUNLTUAULYS AMMUANAILS 3-13 U, LATITAUAINUANAILE 14 .

asluBuRuudaunn (Figure 4)
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Figure 4 Horizontal soil hardness in the low of the hill

NNIFANBIANULTIAUULIAT VOIRUNUTIUULT (T) A1 (M) waza1an (L) Sanauudaiu
Uunanegisgdviimihiuianinudn 3 o1, anuudruiduiuudeiaud 4-11 gu. seauanudnsiaus 12 gu.
adliuiuutann Ssaenndasiiu Somprakon et al. (2023) AnuulvasAuiinasonisveulevesniiy uwas

2 @ & a = Y a Y] Y] = a = .
nsiiuineuulufAy sudinsdadiivesiullsiunseiuauanlufiu 8991nn1531891u04 Sakurai (1995)
INd1271ANudsvBRNEINSaVeNTIALEANANYTRITEIAY N1ses i ulavasialulsariuil wagaiunsn

UaNINNSIEUBUILazeandlaunelumiu

AT swasRuLLILeY ANTUlURY waTAILILLILYESHY

AuLdsvesAuLUILeY WUIIALLTsAuduUL (0-5 @) fudianaen (L) ﬁﬁwmmwﬁﬁumaﬁqm
WinAU 19.1121.01 Wy, fiseduaIudy 5.33 wWedifud se9aunfe narawn (M) wazuwan (T) windy
18.8141.63 uay 17.85+3.17 1. Aiseiuaudy 1.2420.32 uay 2.92+2.23 Wesidus anuvuuvuvesivly
fufiuumauagnanaedasiniu wazananiiaidenan Wiy 1.29+0.20, 1.29+0.05 uay 1.19+0.15 n¥usla
ANUIANLYUALLAT AR (Table 1)

ansndswesRuiisedu 20-25 wu. wuiuiidiaen (L Seanuudsiutesiian wihiu 21.19:2.23
uyl. Asyduaudy 7.41+4.82 Wesidud sesasnde natawn (M) wazuuen (T) AlAvaAy Wiy

21.94+2.58 13, NTLAUAMUTY 4.00+1.09 wag 5.27+3.34 1Wasidud Arnurubduresfuluiuinatauiwas
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A19TANVNAY kazUUUEAINNNTGR Wiy 1.29+0.11, 1.29+0.12 Wag 1.42+0.10 ﬂ%’wiaqﬂmﬂﬁmuamm

AUa1Au (Table 1)

Table 1 The comparison soil hardness in vertical, soil moisture and soil density in the area of Food

Bank Royal Initiative Project at Mae Hong Son province

Total Top Middle Low P-value

Mean+SD Mean+SD Mean+SD

Surface soil (0-5 cm)

Soil hardness (mm) 17.85+3.17 18.81+1.63 19.11+1.01 0.76™

Soil moisture (%) 2.92+2.23 1.24+0.32 5.33+4.25 0.27"™

Bulk density (g/cm?) 1.29+0.20 1.29+0.05 1.19+0.15 0.65"
Surface soil (20-25 cm)

Soil hardness (mm) 21.94+2.58 21.94+2.37 21.19+2.23 0.90"™

Soil moisture (%) 5.27+3.34 4.00+1.09 7.41+4.82 0.51™

Bulk density (g/cm?) 1.42+0.10 1.29+0.11 1.29+0.12 0.29"

Values in same row followed by different lowercase letters are significantly different at P<0.05 (Duncan’s multiple comparison
test). Treatments marked with different lowercase letters are significantly different, where * = significant at 0.05 level (p<0.05);
** = highly significant at 0.01 level (p<0.01); *** = very highly significant at 0.001 level (p<0.001); and ns = not significant at 0.05
level (p>0.05).

INNTANBIANAMULT IR UTULLIUDU WUINRUTUA (20-25 31.) TudiuAuu (T) nanen (M) 8191

a @

(L) falaiuansineiy wazdaranusdarululuiuauuinnAutuuy (0-5 93.) %198 USHuaanandulfed

54
A aa

ordumsizAuiiduiidamanniiunsin Srkoon et al. (2021) Fsaziiiulsindvinduiauiifunsiauziueg
wihpuwezidonu Hudu (Bunyavejchewin et al, 2016)

ALy wasilrudulufuvesiiuduans (20-25 e Tufiuiivuen (M narawn (M) draen (L)
WnnRLTILY (0-5 93.) yonimdeandumnuaiatusniinalfiasmsinmentinny (Wessel, 1971) dawalsk

Ushanananiiaudiusinituinudu q luiiui Hudu

Taseafrednuig

MnranmsAnwamuvainvdavemssadlivinafiuiivun (1 naraen (M) uazdraen () Tufiui
Tassmssunmsensyuvusuliesnannse i3 Sminuidesaey wuiiidnuaduldsss Tngluszeu
ilngunafiuiivue (1) wunssaliiomn 7 ¥da 6 ana 4 29 Taedenumuiudusasvnadiuiiniiife

TANYINAU 744 AUABLENANS kA 8.87 ANSIUUATABLENANT ANUAINU AAIRINANUNAINTLAABULIIAN LiNHU
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1.20 (Table 2) Wiaarsanvialiinuainaaasianudndn 3 d1nunsn lawn 169 (Shorea obtusa) wWaaa

v
o (Y

(Dipterocarpus tuberculatus) $nlwe (Gluta usitata) (Table 3) lusgAugnldwurianun 3 ¥in 3 ana 2 34
Tnedaunuisduiarauini i nide da1wi1iu 573 fusewgnang way 0.004 A31GUATABIENANS
auasu Sendedanuvaineila wiriu 0.99 (Table 2) Wefiansunadalfiduanadsianudday 3 d1du
usn 1 wans s wazdativg (Ochna integerrima) (Table 3) warlusedundils! wusiamun 14 wla 13 ana
9 13 Tawilanunuiiduvesduldivindu 75,000 susennis daaestdanuraineia Wiy 2.00 (Table 2)
dlofiansanvidnlfisuainadudanudide 3 srvuusn ldud wWia $nlua) nseRsu Millettia brandisiana)
(Table 3)

Uinadiudinansen (W) ussduldlngwunssaliifomn 13 via 12 ana 8 29 Tnedaumuiu
wazvwauTivTgn SAwiniu 825 Fusteienans uay 7.48 maunsAelEna1s audy dandudianumann
%iln Wity 1.72 (Table 2) dlofinnsanwialiidunnadudnnudify 3 Srduusn 1oun wae i wazdnlvg
(Table 3) Tusgdugnlsmunssadliianun 4 oiin 4 ana 3 298 Tnefauruuiuiazaundiudivings s

WINAU 313 AUFBLENATS WAL 0.004 A1SIBUATABLINAS ANNANU LANNIRAUNAINTUA WindU 1.24 (Table

=

2) Wenasanvialiinuainaidaidannudnn 3 areuusn tawn was $nlve) wazdneting (Table 3) waglu

seaundlinunssaldviavan 11 vlia 9 ana 5 19d lnelnnuvuiuduvessduldivindu 85,000 Ausiaiannis

fArdytdanunainate windu 1.71 (Table 2) WeniarsanvialiinuainaidsidanudiAg 3 anuusn laun

Wi $hluey wavuwsefusiu (Buchanania lanzan) (Table 3)

[ '
a A a1

Uinniufidnaan () Tusssuldinywunssalifomn 31 9iia 27 ana 20 29 Tnefianumunuiuias
qunitufintige SAwiiu 758 fuselnand waz 12.08 meaaasseenats auddu Sadeiianuman
%iln Wi 2.41 (Table 2) Wofinnsanvdalfiduainddedainudidn 3 srduusn Tdun wads e 1facm
(Dalbergia cultrata) (Table 3) Tussdugnldwunssallifomn 13 wiin 12 ana 10 29 Inedaramuiuiuuas
quiniuiivddn Sawinfu 990 fuselenans waz 0.01 mssuRsAelEnans sy ferddaumann
¥iin Wi 2.43 (Table 2) i afiasanvdaldinuainardadanudidey 3 s1duusn ldun uevuion
(Phyllanthus emblica) 33971 (Bombax anceps) Lazanalng (Terminalia chebula) (Table 3) wazluszau
nélst wunssailsihianun 14 via 13 ana 11 9@ lnedanunuiuuuvessiuldivindu 41,667 dusaiannis

fardgdanunainata windu 2.32 (Table 2) Weniarsanvialiinuainaidsianudiagy 3 anuusn laun

W $nlvg) wazwana (Table 3)
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IWAD

Table 2 Plant communality in the area of Food Bank Royal Initiative Project at Mae Hong Son province.

Staged Community characters Top Middle Low
Tree Number of species 7 13 31
Shannon-Weiner index 1.20 1.72 241
Basal area (m? ha) 8.87 7.84 12.08
Stem density (stems ha™) 744 825 758
Sapling Number of species 3 4 13
Shannon-Weiner index 0.99 1.24 243
Basal area (m” ha™) 0.0040 0.0040 0.0100
Stem density (stems ha™) 573 313 990
Seedling Number of species 14 11 14
Shannon-Weiner index 2.00 1.71 2.32
Stem density (stems hal) 75,000 85,000 41,667

Table 3 Top five ranking based on VI of tree and seedling/sapling in Top, Middle and Low in the

of Food Bank Royal Initiative Project at Mae Hong Son province, including relative dominance

(RDo, %), relative density (RD, %), and relative frequency (RF, %)

Plant Community  Staged Species RDo RD RF VI
Top Tree 1. Shorea obtusa 46.10 4566 1875 110.50
2. Dipterocarpus tuberculatus 3892  36.13 1875  93.80
3. Gluta usitata 12.88 1345 1875 45.08
4. Buchanania lanzan 0.94 1.96 12.50  15.40
5. Dipterocarpus obtusifolius 0.34 1.12 1250 1396
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Table 3 (Continued)

IWAD

Plant Community  Staged Species RDo RD RF VI
Sapling 1. Dipterocarpus tuberculatus 70.50 2727 20.00 117.77
2. Shorea obtusa 10.17 5455  40.00 104.72
3. Ochna integerrima 19.33 18.18 40.00 77.51
Seedling 1. Shorea obtusa - 4333 10.00 53.33
2. Cyrtococcum patens - 1222 10.00 2222
3. Lygodium polystachyum - 5.56 15.00 20.56
4. Gluta usitata - 6.67 10.00  16.67
5. Millettia brandisiana - 7.78 5.00 12.78
Middle Tree 1. Dipterocarpus tuberculatus 4372  32.07 13.64  89.43
2. Shorea obtusa 26.16 27.02 13.64 66.82
3. Gluta usitata 12.58 15.15 13.64 41.37
4. Wendlandia tinctoria 6.10 11.62 13.64 31.35
5. Dipterocarpus obtusifolius 10.30 8.59 4.55 23.43
Sapling 1. Dipterocarpus tuberculatus 60.77 50.00 40.00  150.77
2. Gluta usitata 22.73 16.67 20.00 59.40
3. Ochna integerrima 9.74 16.67 20.00 46.40
4. Shorea obtusa 6.76 16.67 20.00 43.43
Seedling 1. Lygodium polystachyum - 46.08 18.75 64.83
2. Hymenachne pseudointerrupta - 12.75 12.50 25.25
3. Imperata cylindrica - 14.71 6.25 20.96
4. Shorea obtusa - 4.90 12.50 17.40
5. Gluta usitata - 4.90 12.50 17.40
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Table 3 (Continued)

Plant Community = Staged Species RDo RD RF VI

Low Tree 1. Dipterocarpus tuberculatus 46.88 32.69 577 85.34
2. Shorea obtusa 33.57 22.80 577 62.14

3. Artocarpus lakoocha 1.87 a.67 577 12.31

4. Terminalia chebula 2.17 2.75 577 10.69

5. Gluta usitata 1.02 a.67 3.85 9.53

Sapling 1. Phyllanthus emblica 31.03 5.26 7.69 43.98

2. Bombax anceps 22.42 5.26 7.69 35.37

3. Terminalia chebula 3.38 21.05 7.69 32.13

4. Dalbergia cultrata 13.42 10.53 7.69 31.64

5. Lagerstroemia macrocarpa 12.12 5.26 7.69 25.08

Seedling 1. Shorea obtusa - 18.00 13.64 31.64

2. Gluta usitata . 14.00 13.64 27.64

3. Dipterocarpus tuberculatus - 12.00 13.64 25.64

4. Croton persimilis . 18.00 4.55 22.55

5. Nephrolepis cordifolia - 10.00 4.55 14.55

[ (%

MnransAnsdadunuin luluiilassnissuiasemnsgusududomnainnszneeni Yamin
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Methane (CH,) and Carbon Dioxide (CO,) Gases Emission in Different Textural

Paddy Soils Receiving Biochar and Rice Straw: A Case Study of Pot Experiment
A AITE? WAT wauduns' wanw na1NEn! AeaNs Aatiiving! uaznasen aauaglng?
Wut Sriwichai'?, Patcharee Saenjan®, Phrueksa Lawongsa’

Daungsamorn Tulaphitak! and Kultida Donyuprai’
e giienanuazdauanden AuznEATMARS UMTINdovoULRY ey 40002
2Zdinidouasiaunnisinums 1wefl 2 nedvnsinens fAvajlan 65130
1Department of Soil Science and Environment, Faculty of Agriculture, Khon Kaen University, Khon Kaen, Thailand, 40002
%Office of Agricultural Research and Development, Region 2, Department of Agriculture, Phitsanulok, Thailand 65130

*Corresponding author: Sriwichai.one@gmail.com
Abstract

The application of organic materials to submerged paddy soil induces greenhouse gas emissions.
The objective of this experiment was to evaluate methane (CHg), carbon dioxide (CO2), and rice yields
in different textured paddy soils treated with biochar and rice straw (pot experiment). The experimental
design followed a Factorial in Randomized Complete Block Design (RCBD) with 3 replications and
included soil texture as the first factor: loam and sandy loam soil, and organic materials as the second
factor: (1) without organic materials (biochar (BQ), rice straw (RS), and chemical fertilizer (CF) (control)),
(2) CF (16-16-8) at 30 kg/rai, (3) BC (800 kg/rai) + CF, (4) RS (800 kg/rai) + CF and (5) BC + RS (400 kg/rai
each) + CF. The pot experiment was conducted using rice Phitsanulok 2. The results of the pot
experiment showed that total CHg4 emissions from sandy loam soil (11.65 ¢ COzeq/m?2/season) were
significantly higher than those from loam soil (7.91 ¢ COgeq/ m?/season), while total CO3 emissions
from both soil textures showed no significant difference. Among all treatments, the highest CH4 and
CO2 emissions were observed in RS (800 keg/rai) + CF, with values of (12.85 and 363.38 g CO2eq/m?/season,
respectively). Rice grain yields were highest in loam soil treated with BC, and in the combination of BC

and RS, ranging from 342.20-377.96 ¢/m?2.

Keywords: organic carbon, greenhouse gases, carbon accumulation, biochar amendment

rice straw
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UNAnNga

Yy Aa 5% a = st N Y a v i & = aow &
u’]GUTTV]llﬂ']ﬁia'ﬂaﬂ@umiﬂiuaﬂqwuqmﬂaqmaiwLﬂ@ﬂqﬁﬂﬁgg‘]uﬂ’]'ﬁﬂa@EJﬂ’]GULia‘Uﬂ'ﬁgc\]ﬂ JMUIIYUY

v
A a

Tngusrasdaiieuszdiulinunslantdesfineiinu (CHy) wazasusulaeanled (CO,) lufuuisaiien
nlasuauldgadudawasn1atny (Msmaaeddunszans) 39WNENITIAABILUY Factorial in Randomized
Complete Block Design (RCBD) $1uau 3 91 taefiidofuidutiadonuils loun Ausiu wagiusiudunsy

(% a

Uadediaes Aie Jandursduarlewndl laud 1) muaw llldanliisaausa wsthuazdewndl (control) 2) Jeadl

q

1Y

(CF) in3n 16-16-8 §n31 30 nn./l3 3) dulilgaFuda (BO) 8051 800 nn./ls + CF 4) #1991 (RS) 8ns1 800
nn/l3 + CF uae 5) auliigaaudanauviadn (BC+RS) dnsnar 400 nn/ls + CF uazdgniniiugituaylan 2
nansAaBINUT1 Udesfing CH, iavmmaongguantufusiutunse (11.65 nfuaiveulasonlediiisuiiy/
MTNRT/AAUaN) WINnd1vesiuTu (7.91 nfumsueulasenlediisuwi/meauns/aquan) egraiiudeey
Naif diun1suaseiig CO, ﬂgwmmaamaﬂqﬂsuaaﬁqaauﬁaﬁuimmﬂ@mﬁu Tneitsaouiofuainngu
frethanmnansilanieta (RS 800 nn./lg + CF) finsudesfne CH, uag CO, Wanun (12.85 uag 363.38 il
mfveulnoenludifisuivmnauns/gauan) infaadeiSeuiiisuiunguiiognsdu 4 nandninanndiae
Tuduswildnguiaogenuligmdudanaznguiegeuliyadudanaunadnlneeglugae 342.20-

377.96 NSU/H1TILUAT

AmdR:  Buridasusu MeSeaunsean nsavauaisueu auldeanduda whed

frwdounsvaniiddalunmswdsimuazneliinanmlandou fe fAvasusulasenles (CO,) Aedinu
(CH,) waziglunsaoanlen (N,0) Tul a.a. 2005 A9 CO, dArududy 379 ppm S?fnﬁﬂ'%mmmﬂﬁqm
Tuusse1na 5998301A8 CH, 1.774 ppm wag N,O 319 ppb (IPCC, 2007) fing CO, wag CH, Tuussanna
ﬁé’mwLﬁm%uaamﬁﬁaﬁﬁzgﬁaﬂmgLﬁaamﬂﬁaﬂiimaqué el Y CH, gnuanudosanuidaiialan
Usznnad 25.6 Tg (@1udw) siol (Saenjan et al,, 2015) CH, Adnannlunisnen1glaniou (Global warming
potential, GWP) 41nn11A1% CO, £19 28 1411 (TGO, 2023) 1% CO, 181U19A15hNSIEAUTOU (Radiative
forcing) 1.66+0.17 W m~2 (IPCC, 2007)

a a 1 a

nsldvanduniduiama o wazyiuugaauluindndaduwvadilismomsiuienisiigduls
uagtiunandndn uenantusstsazaunfuauludiu (Soil carbon sequestration) nsld¥anduv3s iy
Wwﬁnaﬂuau%ﬂﬁamﬁﬁuasmLLWi"mmEJImJmwmmé’mam%’n wuIdinsuaseing CO, way CH, MuUSuauun
Tuvausiliigaavdaldanisindennuannumsnslunsinddlsanugaamnssy fongUssa 5 J9uly

wsnneldanImiivineandiau (Pyrolysis) Nigaumnil 350 asrnaadva wazazlanulyd msldawllgaduda
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Tufuul Saenjan et al. (2015) nuntiandsuiunisvanlaseiig CO, wazlnalanizyizan CH, L9910
mulmsJmaﬂmamaqﬂﬂiuﬂawaqmsuaummm (Fixed C) H&nwazn1an18n1nvalasaas 1 Uk uwns Ay

o

(Fragmented graphene sheets) di&d1 Juansdunssiiaansiaaein (Recalcitrant) LLawmé’Na&ﬂuﬁumu

2

U%mmm%wauﬁm@fﬂumﬂmaﬂwﬁmasﬂuﬂm 61.86-81.50 Wosidus (Butnan et al, 2015) auligandusa

¥
ad ada a

1ANUngU (Porosity) gauazdvuiil (Surface area) 10 mﬂmamiﬂaaamwawaummu waENUINUTUIN
nsuaey CH, maamqaﬂqﬂmamnmuﬂamulugmaﬂma (311.11-306.09 NSuUAITUBU/M1I1UUAT/99Uan)
ztfosninvesiuldnneti (411.49-340.98 nuATUB/A1510UAS/§9Ugn) (Sriwichai, 2018)

a A ca a Y]

nslavandunislupuuiazymeindiduwrasansomsasueulunadunsdau Wevinuinfides Yan

q L] q

a a

Suniduazanvinoazlifmdounszaniadeuiigusseinia Iuﬁ%ﬁuié’ﬁmsmaaﬂ%ﬁ’a@aumEﬂuﬁumuaz
fanuinnisuaseiing CO, uay CH, 91NAUWIUINLAL (Saenjan et al., 2015) msuauau,a ammwmmmm
ﬁﬂamwmﬂﬁmﬁ”wﬁ@uﬂsmﬂiuéﬁum&imﬁaauﬁﬁmﬂeimulugmaﬂmaLLaquqm’auu wungelifinisAnw
AuRuuluUszmelng é’faﬁ?u%qﬁzaauuagwuﬁummui%ﬁ WiefnwinsanUSunanisuanuassfng CH, way CO,
Tufuuaienu msavaudunidaniveuluiu uarmsadianadinim (570 Wi wie) vesdnn vesdiuu

nlasuauldeafudauasniadng
L4 ad
aunInULaEISNS

A0TUTINARBILAZUHUNISNAADA

Tunuddlddnidendnaneiugfivalan 2 (Oryza sativa L; Phitsanulok 2) ilesandeatgniusnn
luwavausemuredminveuniu Ygnlunszaimeassuinduriaudnats 18 wu. g 23 gy, luSounnaes
MnefuLarly ANEINYATAIANS UNTINeNdevuLnY TURABUINTIAL-NE¥AIAL WA, 2560 PUNUNITVARD
LL‘UULL‘V\Iﬂ‘VlaL%‘Basluuadaﬂfjuﬁmgiaj (Factorial in Randomized Complete Block Design: RCBD) 91121 4 .
Tnedl 2 Jad8 Ao Jadausn Ao iledu Liun Ausiu (Loam) wariusiudunste (Sandy loam) Jadeil 2 fe
YanBuvs 1¥un dmilsfgmausta (Biochar, BO) wazvhedm (Rice straw, RS) siavmmndl 10 ndusiogumaaes I
1) fuslailddeniivay Jandunid (Control)
2) Ausau + ladewnd (CF) 1nsa 16-16-8 dws1 30 nn./ls
3) fiusau + anuliigeauda (BC) w1 800 nn./ls + CF
4) fius + Wi (RS) 8ns1 800 an./ls + CF
5) fusau + anliigmaudanauiisdnegsag 400 nn/ls + Yol (BC+RS+CF)
6) Ausdunsne lilddeniivag Jandunsd (Control)
7) Ausudunsie + ladewnd (CF) nsa 16-16-8 dms1 30 nn./ls
8) Ausaulunsne + auldyandusa (8C) 8man 800 nn./ls + CF

9) AusIuUUNI18 + 119913 (RS) 8151 800 nn./ls + CF
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10) fiugamdunse + auldsadudanauvnagniegsas 400 nn/ls + Jewnd (BC+RS+CF)

nsnsENAunaaa duldeaduds uaznetna

RUFeE19RuLN oAU uTiLUasunensng thuuay fiuadnsgy (16° 32' 48.08" N, 102° 51' 15
10" £ ) uaziduyafus1vy3 (Ratchaburi series: Rb) daufiuuniilefusiuunsiefiuvasunnumsns tiuland
fuatiude (16° 32' 30" N, 102° 47 48" E) Wugndiugua (Ubon series: Ub ) iavunaglufiufisnaiiios
Faniaveuunu Tnsiiudiegrsfuiiseiuainudn 0-15 sa. Uszana 300 an. Yasimnludisa (Air dried)
annlafaulngn LAITOUNIUAZUNTIANYUIA 2 13,

mawnseuauldymaudaanlilgadudaiduuaevedldeadusda (Euclyptus camaldalensi Dehn.)
fifiony 5 U ldanAsiimdeanudannuasnslunsdndslssnugmainnssy lenaeldanmiivinesndiou
(pyrolysis) gamgdl 350 esriwaLdea (Butnan et al, 2015) uu 72 2l uazdetlvigaumgiianas 48-72 Falug
mntniawildinuaudsouhunsunssdauun 2 u. dumawiourhsmimidndifunnuannang

Ul duturuin 2-3 @,

nsin3gunIInaaaslunIzang

thieeshu (Rusrurdenusuvune) Fajwiin 3 nn. waudutanduvid @uliyeaaudaiordo)
punauiiegamaaesdiafy Ingldaumuindusiuvesiu Bulk Density, BD) Wufiugulunisdiua
ranidlsdniuegaiiane wdaadlunssaneanosfifidusiaudnans 18 wal. g1 23 wu. Futhndu 3 ns
TiAuTuiialy 14 Yu (14 Fu deugn) iteliYandunidsaneiuazannisazanveinindunidluiudeoiane

Wudunsiemedusauvratale

n1sugndauazmsqua
° 2 v U ea | Y a 5 ) S o A o 1Y) &
Udatiugivalan 2 ldgadiAvuazud 24 9l uagsadnluysedniesnwssaunuiy
13198179 Yaselvisnnaeau (Radicle) sana1iuszunad 1 oy, ¥rluaneaslunszane 3 waa (Fudl 0) 3mn1s

[
o v v Y

X a va o v S oy Y] o A = Y v =
ﬂ']']lmu@u%’lﬂLlﬁfﬂﬁﬂ@llanﬂ'JEJurlf\]‘UﬂﬁgvmﬁusU'nﬁ\jmﬁlﬁa’]EﬁJ{ 14 3 (Wun 14) %ﬂmu%ﬂdﬁlzuﬂd’lmqwizmm 15 g3,

v
[y} o

Judnthlunszanauazsnwseaungs 7 o1, MNsEaUiGy naenngUuanwazUdeslvidiuianusssuea 7 Tu

=

Aoufuiien 91g91IUsEII 85 Tu mavnngUanqualiiuasnuuasdngiy
NMSNUABENAIYLATAITIATIEA

{Rushegnafusedd Close chamber method Tnenfiufing 1 aSsedUanyi naeaiufng (Gas chamber)
fyu A919xn319xge (21x21x100 %31.) Sufusegnefineia 09.00-11.00 u. Ineldnszuandae (syringe)
un 1 va. @mﬁ"wiuﬂa'aqLﬁuﬁ”wﬁmaumsmmmLﬁuﬁnm 0, 10 Wag 20 WA YINTIATIERAMULTUTY

104/10819A194781A3 89 Gas chromatograph (GC) (Shimadzu, GC-2014, Japan) \ eusiafiu Mechanizer
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(Shimadzu MTN-1) &sviuiindisafing CH, way CO, warld Flame lonization Detector (FID) \usans79¥n
T¥meduien 2 1. AUs39sny Unibead C guuniinedut 180 samiwaiiva gamgifimames 200 oswniwaldea
T4fniaes (He) WWufnemn (Carrier gas) Wag Retention time 831 CH, 2.25 wag CO, 3.25 U191 A1
gn3n1sUanening CO, uaz CH, (Emission rate, flux) WagAulausununiIsUaseing CO, way CH, Wamn
naongAUan (Total emission, seasonal emission) (Saenjan et al., 2015; Ali et al,, 2015)

AUIUIERIINITUaRYNY CH, Way CO, INANNTT

__dc hxMwxXxTst

E=% Mvx(Tst+T)

60 X 24 (Minamikawa et al., 2005)

el E = onsinsuantaseinadinuleidy mg CH, e CO, ms19mns/

% - AUt (slope) viaarmaasuunlasemududurestuiledisusunaiiviedu ppmani

h = mmqwaﬁiamqmﬂﬁaﬁ’uﬁameuﬂﬁamﬁuﬁ”wﬁmﬁwL“fJu R

Mw = 5mﬁﬂimaqasumﬁ”w CH, WinAu 16.123 n3u/lua wag CO, Wihiu 44.01 nsu/lua

Mv = USiasluianavesing CH, wag CO, 22.41x10° gnuiAfiing

T = gamglinelunassvaiuing WWusseiwaded

Tst = gaunglanasgiuussaniaaiu (Kelvin) SAwindu 273.2 wnaiu

AuaUIuIansUassing CH, waz CO, ﬁawmmaamqaﬂqﬂ (Total emission) t&a1nnsauiudl
TEns T nanasns1n1sUaesf1e CH, n3e CO, %@Qﬁ’l@ﬂ’]x‘lﬁ?%'ﬁlLﬁUﬂ%ﬂLLiﬂ%Uﬁﬂﬂ%ﬂﬁ@ﬁ’m (Total CH,

emission, TCH, %39 Total CO, emission, TCO,) (Saenjan et al., 2015)

nsaasenay aullisanduda wasvnedn

audAmInenmuesiuiilswiieuneass thun iedu (Soil texture) InAlinnumuuuvesiu
Tuansazarsunanaulazinniglalasines (Hydrometer method) wagAuunuILUuYesAy (Bulk density)
Tneldnszuenifiuiiu (Soil core) aurmdur1gugnans 5 9. 813 15 au. (Baver et al,, 1972) (Table 1)
duaudRimaniivesiuiounazudinisnaasiine syt liun aanudunse-sswesiu (pH fwdn, 1:5)
(pH meter) a3l (EC 1:5) (EC meter) Usinadunigasueuludu (Soil organic carbon) (Walkley and
Black, 1934) USinaudun3smsusudiuiiaarssnie (Labile organic carbon, LOC) (Moody and Cong, 2008)

Aemesiantivestuligaaudauasnneim Tiu Uiaduridasveuiomn (TOO) Vinmuvaglaa
(Cellulose) Laﬁwaaﬂaa (Hemicellulose) hagusunaianidu (Lignin) (Detergent method; Ververis et al., 2007)
dmsuduliiganaudaazynisiesesiuiinaanssemedns (Volatile matter) 1 (Ash) uazansueu finsi

(Fixed C) p1835 Approximate analysis (American Standard Test Methods, 2007) (Table 1)
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n3AsEidayanieana
3Lﬂi’wﬁﬂ’s’mLLU‘iU'ﬁ’JULLUUﬁE]WI’NEUEN%E]Ha (A Two-way Analysis of Variance: ANOVA) AMUkNY
nsnaand lneldan p-value<0.05 Wisuiisuaaaslagldis Least Significant Difference (LSD) selusunsu

ATILINNERR Statistics 10 wazANTBaUUUINIFIY (Standard Deviation: SD)

Table 1 Physico-chemical properties of the soil samples, biochar and rice straw

parameters Soil texture Organic material
Loam Sandy loam Biochar Rice straw

Sand (%) 48.42 65.42 - -
Silt (%) 37.40 33.32 - -
Clay (%) 14.18 1.258 - -
Bulk density (BD, g/cm?) 1.54 1.50 - -
pH (soil:water; 1:5) 5.28 5.23 5.56 6.28
Electrical conductivity (EC, dS/m) 0.05 0.02 8004 5.58
Soil organic carbon / Total organic carbon (%) 1.07 0.82 64.42 36.19
Labile organic carbon (LOC) (g/kg) 0.75 0.81 1.69 3.19
Cellulose (%) - - 2.54 38.63
Hemicelluloses (%) - - 1.17 24.85
lignin (%) - - 88.72 7.41
Volatile oil (%) - - 34.22 -
Ash (%) - - 3.76 -
Fix carbon (%) - - 62.01 -

Paddy soils were sampled at 0-15 cm depth.

NAN1599Y

ansn1sudesfielimu (CH,) nasngguan

TuAusautas -14 83 21 3u ShsmsUaesfng CH, azdardnlunnnguiiogns (Figure 1() 91niu
dmsmsudosfing CH, vosnguseensiild RS 800 nn./l5 wazngudegsiinas BC 400 + RS 400 nn./l3
Wigetuminnguitesnedu 4 egnlsfinuil 56 Su ynnguiegnaiismnmsUdenfing CH, getueglutiag 179.95 -
275.21 un/mM3auns/fu Sasnsudesfing CH, 71 70 Yu wuiingusedia RS 800 nn./l3 uagnguiiegng

N o [

iy BC 400 + RS 400 nn./ls fignsgeninngueiaeenedu o egreldvdfny uazUaiegguani 85 Ju wui

Tl
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ynnauiogaduuliuvesdnsnisudesiing CH, Wintu daulufuiiuvunsedas -14 fa 7 5u S
n13Udesfeg CH, azdalunnngusiaesne (Figure 1(b)) MnBuvEIn 7 3u wuindnsinsudosfing CH,
yanguiegafinay BC 400 + RS 400 nn./l3 Udssuinniingudaed1sdu q ausied 14 Yu nuin
neufeE1a RS 800 nn/ls didwsinisudseiintg CH, dTuetedidediy uaswuinag 14-35 fu YBINRUABENS

RS 800 nn./l3 uaznquenegneiines BC 400 + RS 400 nn./ls fidnsinisudesfing CH, 11nningusitetnebu 9

(% [

pg1alidudIAYy YR99n 42 Fu nuINNquURIeE19dRTINITUARE Y CH, Tuwilduiiinduauialaiegg

gnsmsusesfingarsuaulasanlys (CO,) naangguan

Tufusui -14 fs 21 3u wuidmmmsddesfing CO, aglutaimnnguiiegns (Figure 2(0) sdsntiy
gnsn1sUaseineg CO, ‘Uamﬂﬂa;mﬁ’aasmﬁé’mwLﬁwﬁ?uaeﬂmm 4,509-26,810 un./A1319L405/TU Ui
Uanenquan drufusiutunsiei -14 3u nuirdnsinisuaesing CO, vesngudietisriunu 18,078 un./
M19ns/u gandnguinetnedy 4 eghditudidny (Figure 2(d) wds1n 7 u wudmanguiieg1eilsng

M3Udesfing CO, WsTuauivasgqugneglutag 2,330.4-24,471 un /masns/fu
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Figure 1 Methane emission rate of loam (a) and sandy loam (b) trial biochar and rice straw
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Figure 2 Carbon dioxide emission rate of loam (c) and sandy loam (d) trial biochar and rice straw

Usuunisudesfinedimu (TCH,-C) msuaulasanlyd (TCO,-C) v uasfinwiTaunszannaangauagn
(GHG-C)
USunaunisuaseiaiimuianusilaAnlunuigvesnisusu (Table 2) wuiluausiulunsielassning

TCH,-C 11.65 nSuasuaulasenlediiisumi/msauns/aguan unnitvesdusiudaldeslud3unm 7.91

v a [

n3umsvaulneenlediiisuvi/msauns/qauan egrdideddyneada Weiansaangiansunid wui

7

nauIeE e RS 800 nn./l3 Udeefing TCH,-C wniian 12.85 nfuarsuaulasenlediieui/msauns/gaugn

q
a o U s a v v !

Ufduiusseninuilefuiuiandunsdaousunnnisuaes TCH,-C wuddusiudunsienlasu RS 800 nn./ls

agUdos TCH,-C anniiantudiunn 15.07 nfuasueulaeanlemiieuwin/misnauns/gaugn audieiusiu

q

YunsrenladuTanduniduas BC 400 + RS 400 nn./l9 TuuSuna 13.11 nfuasusulneenlesidiouwin/

q

ANIUAS/gauan
Y Y

dnSnavenliafunausunuinwasusulaeanlaneamun (TCO,-C) (Table 2) WUIVBIRUIIULATAUTIY

a

Yunsievdesfing TCO,-C ladnafu ofiansaanizianduvsd nuingudieg1aiid RS 800 nn./ls uag

naumedelasuTandumsdnas BC 400 + RS 400 nn./ls Yass TCO,-C gandnngusiiagnadu q TAreglugie

[ a 1

374.82-363.38 nFunnsveulneanledifisuin/msnsuns/gguan Weduduiandunsdiidnsnasausuiu
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n13UaRY TCO,-C agndiufjduiusiu diudninavesnisvdesingsaunseannasngguan (GHG-C) wuin
YaIRuTILLaTAUTINUUNTIeUdesiy GHG-C luseiu WeliansanameTandunid wuingudieganlasu

[

anBun3guay BC 400 + RS 400 nn./l5 Uaoy GHG-C gafign 386.37 numsuoulneenlesifieuirin/

a o (%

M13101ns/9quan eduduiandunidiansnaneuiuiunisudey GHG-C egredlufduiiusiu

Table 2 Total methane-carbon content (TCH,4-C) Total carbon dioxide-carbon content (TCO,-C)

and Total greenhouse gas-carbon (GHG-C) trial biochar and rice straw.

Treatments TCH,-C TCO,-O) GHG-C
(kg/rai) (g COeq/m?season) (g CO,eq/m%season) (g CO,eq/m?/season)

A: Soil texture

Loam 791 B 342.11 AO 350.03 A
Sandy loam 11.65 A 341.30 AO 35295 A
F-test (A) *x ns ns

B: Treatment

Control 09.53 C 343.33 BC 0352.86 BC
Chemical Fertilizer (CF) 07.55D 325.84 CD 0333.39 CD
Biochar (BC) 800+CF 07.43D 301.17 DO 308.60 D
Rice Straw (RS) 800+CF 12.85 A 363.38 AB 0376.23 AB
BC 400 + RS 400+CF 11.54 B 374.82 AO 386.37 A
F-test (B) x> *x >
AxB

Loam (Control) 07.26 F 00329.94 CDEF 0337.20 DE
Loam (CF) 05.97 G 307.59 EF 313.56 E
Loam (BC 800+CF) 05.73 G 305.38 FO 31111 E
Loam (RS 800+CF) 10.63 D 408006 A0O 411.49 A
Loam (BC 400+RS 400+CF) 009.98 DE 0366.80 ABC 00376.77 ABC
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Table 2 (Continued)

Treatments TCH,-C TCO,-O) GHG-C
(kg/rai) (g COeq/m?season) (g COeq/m%season) (g CO,eq/m?/season)

Sandy loam (Control) 11.79 C 356.72 BCD 00368.51 BCD
Sandy loam (CF) 09.14 E 344.09 CDE 0353.23 CD
Sandy loam (BC 800+CF) 09.13 E 296.96 FOO 306.09 E
Sandy loam (RS 800+CF) 15.07 A 325.91 DEF 00340.98 CDE
Sandy loam (BC 400+RS 400+CF) 13.11 B 382.85 ABO 0395.96 AB
F-test (A x B) ** * *
CV (%) 7.08 7.65 7.49

Different letters in a column indicate significant difference among treatments. ns = no significant , * P<0.05, ** P<0.01

Usnnauasuaulufunamnaaes
Usunauasvauluu (SOC) neunmasd (Table 3) TuAusiudian 2,615.99 NSUAISUBU/A1SILUAST
dulufudrutunsieiian 1996.18 niuasueu/msauns deldfanduniduiuim SoC induoglugag
2,150.60-2,476.84 n3uASUBW/MI510AS dIundanisnnassugninimilagguan wudn SOC ftafiudy
LATANAIIINKANBUNITNAREY MAIN1INAABINUT SOC Tudusiudan 2,660.70 NTUAISUBU/MITIUUAT
unniTlufudmlunedsiien 930.10 nduasuou/maauns uazdstusgrsiideddymieaia nsldian
Sunidveanguiiognesing q viliuna SOC ndsnseassiidiinsduedaivsdrAymieada lnei
nauoenafiléu RS 800 nn./ls azfiUianas SOC Afiga 1,620.00 n3uAsusw/menaums drunguiiegnadu o
#i1 SOC ganinegluma 1,720.50-2,020.10 niuAsusw/ms1amns uenantusmuinuiinm SOC asduegiy

\WoRuwazTandunig (Table 3)

Table 3 Soil organic carbon (SOC) content of loam and sandy loam trial biochar and rice straw.

Treatments SOC SOC

(kg/rai) Before experiment (g C/m?)  After experiment (g C/m?

A: Soil texture

Loam 2,615.99 2,660.70 A
Sandy loam 1,996.18 0930.10 B
F-test (A) *%

81



Voo WELL-E

‘ [ INTELLIGE ".\
18U IUTEYITINSsERuni Usednl 2567 Fuil 19-20 Sunau 2567 o drinddouazduaSidynsmainens umingrdeusdly I“ AL

Table 3 (Continued)

Treatments SOC SOC
(kg/rai) Before experiment (g C/m?)  After experiment (g C/m?

B: Treatment

Control 2,154.60 2,020.10 A
Chemical Fertilizer (CF) 2,154.60 1,840.60 AB
Biochar (BC) 800 +CF 2,476.84 1,720.50 AB
Rice Straw (RS) 800+CF 2,337.11 1,620.00 BO
BC 400+RS 400+CF 2,407.26 1,770.40 AB
F-test (B) *
AxB

Loam (Control) 2,460.00 2,880.60 AQ
Loam (CF) 2,460.00 3,050.20 AO
Loam (BC 800+CF) 2,786.39 2,650.90 AB
Loam (RS 800+CF) 2,648.23 2,370.00 BO
Loam (BC 400+RS 400+CF) 2,7117.31 2,370.00 BO
Sandy loam (Control) 1,845.19 1,170.00 CO
Sandy loam (CF) 1,845.19 640.00 D
Sandy loam (BC 800+CF) 2,167.29 0790.70 CD
Sandy loam (RS 800+CF) 2,025.99 0880.20 CD
Sandy loam (BC 400+RS 400 +CF) 2,097.22 1,170.60 CO
F-test (A x B) *

CV (%) 16.59

Different letters in a column indicate significant difference among treatments. * P<0.05, ** P<0.01

wmitinuwazUsutaunisuauluniedna 9417 waskanandig
o 2 a T o 1% a 1 PO | v o a A
aINsAUAg NNt IveIRUTIkasAUTIuIUNTEliuaNe 1Y (Table 4) nsldTanBunsd
wardeiadinavilvidmdnrsdriiudued1adidedAgyneada Ujduiusvellefuiuiandunidiinase
Umdnnsdedefivedidy vdinsiiuiiemuitviaveuisnu nqudiegiavaasesng 9 Aldldunau
wazUfduiusszninuiefuiunguiegrmeasdiinaseuiminsn dwdusubiiwinudadnn 282.37
nsu/msnauns lurngiveviusiuvunseglimiwinudndin 165.80 nsu/a1519mns desninegradidedfmy

9adf vauriingudiegnavnaesiild BC 400 + RS 400 + CF wazngudaag1s BC 800 + CF L milniudn
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257.24 uag 253.12 ATU/ANT10UAT AUAIAU LATUINNTII1VRINENAIBE19AIUAL 182.34 NTU/MITIUNAT

¥ 1
°o w a o U s U A a v U v 1 = ! o £y =3 ¥ 1 U o w

@ﬂ?ﬂﬁﬁﬂﬁ?ﬂ@ UQﬁNWUﬁ'ﬁ%W’JNLuE}ﬂuﬂUﬂE‘jIlIG]’JE]EJ’]\W]G]aENlINaGIEJU’]MUﬂLNaWU’]’JE]EJ’N UYAA vma“
(Table 4)

a

YSunaesvenlurhsinivesiusuuasiusiutuneliwndneiu (Table 4) nsldanduniduasdeind

q

[
I3 I A v o W

fuavilidsunamsueulunietnieglugie 508.42-564.42 NFUAISUDW/M1I1UUAT LTNTURE T T Aty

o

Y

eadaLle Wieuiundusiiegneniunu 333.17 nFuasusu/msnawns Uduiusseninadeuiungueieng

a a

= ! a s v av o & i L a o v 1 =
wmaaﬂlumNamaﬂimmmwaﬂu%hwn LLﬁgﬂaaNWUS§$M’J'NLu@{§]UﬂU ﬂqumamwmaaﬂluuawﬁwa
i a s % a s & Y ay a o s a '
m@ﬂﬁm’]ﬁuﬂqﬁ‘U@ﬁLU'ﬁqﬂmTﬂ U33J']EUF]']3UEJUIUL3JE1@°U'TJV]1®§]7ﬂﬂlﬁ'ﬂu 87.49 NIUANTUDU/MITINUNT UAIHUINAIN

a

VBIAUTIUUUNTIY 51.37 nTuA1Tuew/A1s1auns egrelideddydanieada nsldlandunIdnauves
NUAI9E19 BC 400 + RS 400 + CF uazngusiegne BC 800 + CF Wiusmnaunsuauluwaneylugag 79.71-78.43
nSuATUBW/MTLAS uasnuihUduiusseminallefudunguiiegimeassdidninaseUsinaunsveumandnd

(Table 4)

Table 4 The Carbon (weight and content) in rice straw, root and grain.

Treatments Weight (g/m?) Carbon content (g C/m?)

(kg/rai) Rice Straw Root Grain Rice Straw Root Grain

A: Soil texture

Loam 1,137.60 A 282.00 A 28237 A 54452 A 137.60 A 87.49 A
Sandy loam 985.20 A 364.83 A 165.80 B a471.59 A 178.02 A 5137 B
F-test (A) ns ns x* ns ns xx%

B: Treatment

Control 696.00 B 290.20 A 182.34 BO 333.17B 141.60 A 63.85 AB
Chemical Fertilizer (CF) 1,062.20 A 299.80 A 206.05 AB 508.42 A 146.28 A 56.50 B
Biochar (BC) 800+CF 1,210.90 A 301.54 A 253.12 A0 579.60 A 147.13 A 78.43 A
Rice Straw (RS) 800+CF 1,158.80 A 375.46 A 221.68 AB 554.69 A 183.20 A 68.69 AB
BC 400 + RS 400+CF 1,179.20 A 350.08 A 257.24 AO 564.42 A 178002 A 79.71 A
F-test (B) * ns * * ns *
AxB

Loam (Control) 699.80 B 235.28 A 222.93 BC 33495 B 114.80 A 69.08 BC
Loam (CF) 1,081.30 AB 231.84 A 225.24 BC 517.57 AB 113.12 A 69.79 BC
Loam (BC 800+CF) 1,356.50 A 244.08 A 342.20 AO 649.30 A 119.10 A 106.03 A
Loam (RS 800+CF) 1,293.60 A 385.96 A 243.52 BO 619.22 A 188.33 A 075.46 B
Loam (BC 400+RS 400+CF) 1,256.80 A 312.84 A 377.96 AO 601.59 A 152.65 A 117.11 A

83



/
FunsUssEivIMssEiUma Usedl 2567 Jufl 19-20 Suneu 2567 . drdideuasdaaiiiinisnisinees ainendeudly I“ W ‘ ‘ ) ’ i

Table 4 (Continued)

Treatments Weight (g/m?) Carbon content (g C/m?)
(kg/rai) Rice Straw Root Grain Rice Straw Root Grain

Sandy loam (Control) 692.30 B 345.12 A 189.17 BC 331.39B 168.40 A 58.62 BC
Sandy loam (CF) 1,043.00 AB 367.76 A 139.44 CO 499.27 AB 179.45 A 4321 C
Sandy loam (BC 800+CF) 1,065.20 AB 359.00 A 164.04 BC 509.89 AB 175.17 A 58003 BC
Sandy loam (RS 800+CF) 1024.00 AB 364.96 A 199.84 BC 490.15 AB 178.08 A 061.92 BC
Sandy loam (BC 400+RS 400+CF) 1,101.50 A 387.32 A 136.52 CO 527.26 A 188.99 A 42.30 C
F-test (A x B) * ns * * ns *

CV (%) 25.44 47.99 27.35 25.44 47.99 27.35

Different letters in a column indicate significant difference among treatments. ns = no significant, * P < 0.05, ** P< 0.01.
a < a v
AA1IUNEANTTIIY

n1sUanUasefing CH, waz CO, TuRuun
nsldauliigadudaiinadenisanU3unanisuaesiing CH, wag CO, 3nAuUT Wasnaudives
duliigmaudaniesruseneudiuiiudeundasite laun Bunidasusuiidesaaediy a1sszimede waglad

a T

waziadiwaglaa (Table 1) FauansiaUsnamsesiiiulselonineqduviddnguiindnfinn CH, (Methanogenic
archaea) fidriavinliianAanssuvesgduniddnanias dwalUiinansaiisiedina1nanas Ssaenndeariu
57891U04 Haefele et al. (2011) way Wu et al. (2012) Tunueiidudins ldun asueuiing (62.01%)
SunIdAsuouTavun (64.62%) wazdniu (88.72%) ﬂa‘Uu"dimmawaLﬂuaaummﬂmamiwwaaaaw
ve39aunIgluAY (Ververis et al, 2007) desnilassairsiiduoglsun@nadueu (Aromatic C) uazdnves
Tn59a$197i 34071 ewualuunsiu (Fragmented graphene sheets) fidnwagds ANUNTUEILALAINUADNTS
govaaeilunsdusznauegunn

duldigandudaiizninadenisannisUanudesfsdounszaninniteiaveiefu wiiniodu
fisnsturrUszneusesuiurenfiafuauianis 4 lusunadfisetuiang wwiidvinadesuinvesesing

(Pore size) Fadufioguazduadulifnundouiilufiuld Ausiulunseaziidefuruinluglulzuaunni
fusidwnlrienelassing Mnaulinsidndvealofuinnanuirenudamalmidefutuariidndnanednsn
A5Uany CO, way CH, FINUIIAUTIUREHDRIIN1TUaRYNAY CO, LAy CH, ANNINAUSINUUNTIELIINAUTIU

zflazauasuaulufuuinninfAniy

nsazaudunIdaisuaulufu
answavesnsldauldymaudauasretnniddenisazandunidansveuludu nisldaugaduda

800 nn./1s daasunisazaulsuiadunidasvouluiundinisnaassog1eiveda LJJEJLU%EJULﬁEJUﬁ’Uau
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a v

Alasurhetniegaien WesmnfAuazgadaiuiiuiivesianduvidaenalnnisgadn Clay-polyvalent cations

(P)-non LOC, clay-P-SOC, clay-P-LOC uay clay-P—clay d@maauves non LOC:SOC (5eUSunadunsgasueu

v al'

A ! a a ¢ ¢ a = & F o < oo w | = @
V]EJE]EJaa’]EJEJ’]ﬂG]E]U'ill’]ﬁu@umiﬂﬂ?anuﬁlu@uVIQ‘WN@) UTUAITIANUINEIAUNUIUDNDIAINU AIAIVDY

£

dunsgarsuaulufu (Sriwichai, 2018)

H o ¢ 2 v a Yy v
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waz 11.65 nfuasueulaeenlediisui/msnuuns/aguan diunisudes TCO,-C Y04AUITIULAYYBIAUTIY
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The Effects of Feeding Fermented Black Sesame Meal in Broiler Diets

on Growth Performance, Carcass traits and Meat Quality
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Abstract

The study on the effect of using fermented black sesame meal (FBS) in broiler diet on growth
performance, carcass quality, and meat quality was conducted on Ross 308 male day-old chicks. The
experiment was a Completely Randomized Design (CRD), divided into 3 groups with 4 replications, 12
birds per replication, totaling 144 birds. In Group 1, the control group (CON), the chickens were fed a
control diet without FBS. Groups 2 and 3, the chickens were fed a diet containing 2.50% and 5.00 %
FBS, respectively. The experimental period was five weeks. The results showed that growth performance
and carcass quality were not different (P>0.05). Meat quality was also not different (P>0.05), except that
the pH of breast and thigh meat 24 hours post-mortem in the 2.50% FBS group was lower than that in
the 5.00% FB and CON groups (P<0.05). In conclusion, using FBS as an alternative protein source in

broiler diets up to 5.00% does not affect growth performance, carcass quality, or meat quality.

Keywords: broiler, fermented black sesame meal, carcass quality, meat quality
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nsAnwmanszmuressldmaamn Tuenslidedeaussanmnsaiagdivln aunmen uas
Al Tgnlawus Ross 308 Al 01y 1 fu MaunuNIIAABWUVANANYTA (Completely randomized
design: CRD) wusngunaaedu 3 nguvaaes nquaz 4 %1 $hay 12 6 sy 144 @ Ysenoude naul 1
Tinguemnsmunauitlifininadiviin nguil 2 uay 3 nguemsildninandminlueimsisedu 2.50 way
5.00% MuaIRU Wuiaan 5 #Uanst waannisnaanwuin nsldninadminluemsinideldfuase
aussnnmnIsasyduln wazamamen (P>0.05) aummideluifinnuuandietiu (P>0.05) sniiuAarnady
nan-rsweailenthenuarasinnil 24 $2lus nduiildnmnadmiindlsedu 2.50% Tewhninguldmnandmn
fisedu 5.00% uaznduaruay (P<0.05) Fatfunanldhanunsaldmnndminduuwasdusiumadenluams

U dgl Ve [ U a a d’l
Inidlelans 5.00% IﬂﬁlﬂﬁﬂwaﬂiﬁﬂﬂﬂUﬁ@J’iiﬂﬂ’]Wﬂ’]iLf\]iiUuL(f]‘UIG] AEUNTNTIN LAZAUNTNLUD

AdAty:  lalle ninadvdn AN AunmLile

Jagtudsernslaniinsiiuduedwdeilos dealinnudeinisuilanemisaindnd wu e uu v

[

fisnsfintuduiu WeldidudningAvemvilsiivsssnstenuslaaunn desnduimgfviimde way
Sﬂﬂﬂgﬂﬂdﬂlﬁ@ﬁ@’j“dﬁmﬁlu (Department of Livestock Development, 2023) qmmmiumiwﬁmiﬂ'L‘ﬁa%ﬂéfaﬂ
iusmsnsuanlifismenennudeinsvesiuilan wazstatunssdalildusinamandniinin uazdinanmn
fesunumandslnidondt 70% wanteghvemsdn ifldnauiiodednd wildutufengfuunddlysfiudd

iagenIingavunasdu vilrdnideuaziuuieimsdninesasmingiuiracusiunisdoniiean vse

NAUNUNITITIngAUWAILUAWANTTTIA1EY warlUlNanIEnUADaUIIANINNITHES WALAMNINVDINANES

Y 9

U a 1 a a

Al Fsnnadmsinidutngduuvasusiudnuidanidsiuraulalutiagdu Wesannnandudunanaesle
Mnmsatntitusenainiudnee ¥illusiugeils 46% (Bansiddhi and Bansiddhi, 2004)  Javiiaguy
audadash snnemang Sanimdeslml ﬁﬁuﬁiumiﬂgﬂLLazwﬁmLmﬁmwﬁ’nﬁaaﬁmﬁwﬁumﬂfh 100 15 demalud
nnadunanassld 4-5 fu/A) ninadfilunanaosladl usnulildldu Wesnnilluunaavieadds
VnliAanaumdui ildaunsesmislusiadiios 10 vin/ilandu :nmsenwdesdu wumstining
FrumsTnyi ¥ ina unenind u wazaunsariudnwlauinnia 6 wWeu 9ann1sAneIves Nucharin et al.
(2025) Fhinnafimdernmsataduiondmiisuacm maa'3amﬁwmuﬂa;mLﬂwmiﬂiﬂuﬂqgaﬁﬂ N8
wiens YmTadodlay uvihinisudnlaenauninas diena wazinde Tudnsidau 100:4:1 113iAsEn
pafUsEnaumLAll nuindiaudy 4.87% 181573 8.14% TUsAusan 31.89% 8elesan 11.61% lusfusau

28.73% WwAaLBe 1.77% Waawasa 1.14% arslulawmsnidesladny 14.76% Tasunntinwitg wazdnadasnusiy
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4,281.81 Alawpaaed/Alansu dulumnaiunsathunldlugasemisdailaasdunisiiuyarlvunninasi
wazanusau Ul dudiulszneuvesenmsdaildlaglidmanaeignsiivsnuvesenmsdad dinmsfnwinig

nneavlugasermsiaiile wuinmstdninemauuinnit 10% lugasems iTlidmdndimadunas

=

USunue1msiinuanas (Tangtaweewipat and Cheva-lsarakul, 1994) tiiasanluninafuiianseongiian

'
(Y] a |

(680-2620 11n/100 n) Wele wazlnfings WaiSeudisuiuinghvainiivduy o dwalinisgesuazgadulives
wssananevilaluauuazdnianas (Kamchan et al, 2004) walulagnisvdnauisaanaisiiulagug uag
Ysunandelesiy Tuvuzifeidugioiiunsnesiludase nsnluduuazussinluninaen (Das and Ghosh.,
2015) ¥ilvanunsaaneaneanwaz lAnlun1nadu wazanusainusunalusiusiu vy wasneanasa Ay
Uszleaulaluninamsin (Hajimohammadi et al., 2020) sistudsauladnwinisianinasudnluetmsinilie
4' v & 1 a 1 ;:’f @ a & ;:5 4 ‘:’f % [ [ a I
wieldiduunadusiulueamslaiie wazidudnmafennilswesnuasnsdidesdniludmindednd Tunis

Wenldingavemsdailuresdu
¢ ad
auNTULAZISNT

nsesENIngAuINITANd

ihnnadiu MndamRarurunguinensnsauuadei sunemans Smiadesin saufuiiaa
wazindovuludngidn 100:4:1 uaziiutingu 65% vesinindaunan nauliidiiu tildgaiuazgaoinie
oonangeilivua iulflufiduuasusis windunan 7 u mnduhloufigungd 60 ssrmwaldea lugou
audou Wunan 48 Falu deuualianBen uanfuluguiensusiiteatndeuilunalugnsomsliide
dnIMARRILAZIMITMIARBY

TognlAidewus Rose 308 inAg usniin S1uau 144 f aurunIMAaBsIUUANANY 0] (Complete
Randomized Design: CRD) utisoonidiu 3 ndumnass nquvaaesas 4 61 1oz 12 i laeiegmaaedldsy
nseydAliduiunaidonarlddnd el MACUCO40A/2565 1mmsnaaas Usznousae naud 1 T¥ems
muAudilifnnandvsinlugnsemns nquil 2 uag 3 Termsiidauysznouvesnnadminlugaseivns
526U 2.50 way 5.00% Auadu Fednlseneulazesduszneumaaiivese M Inaasaaly 2 szevau
1298147 Nna0s (Table 1 uag Table 2) nasnszoziIaINITMARedloIMITLAz D MANT Yin51As
Tulsadouuvuidadunan 5 & Anvivsinaemnsiiiu dmdndifistu wasdnsnisdsueims

Judhwilndmnduavinasnssezianveansvnaes
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N3ANYIAUNNBINUAZAUNINLLD

WA

Weduann1snaaesinnsfnuiaunmenkazAmnInile log viinisduln 91ag 3 67 sauviavan 36

§7 vinnsenamshiiduan 24 Falus Faininlnsiedn warliene danoan 0aUVU FALUITUAIU 1ae

wuadudursiume wesnuan wWeaanlu Ynianrus azlnn Waa 957091 %19 §U 910 ATEINIZLRTIN

nszimzun odeirnelusiy warlaseinsean Andudavinuaganduiinimvinvesusazudiu A

Woesiudenn wazilesiduidudiu lusiuresnunimile qulngias 3 dr sauviavun 36 61 vinisdenten

2 s & A o a ¢ A A o A ' < '
LaRRBn LLa%LﬂULu@@ﬂu@ﬂLLagﬁgiv\lﬂLWE]VHﬂ’]i'JLﬂi']SWQmﬂWWLUE] A9 1NAE LazAIAMLUUNTA-ANY (pH)

& d' = Y ) I a ¢ v 3 &
SUaﬂLuaaﬂLLazagi‘WﬂV] 45 U ag 24 GU'JIQJQ‘WaQﬂr]T’QJ’] LLag']Lﬂﬁqgﬁﬂ’]ﬂ?quaqﬂqiﬂl‘Uﬂqiqllu’]sUa\?LuE]aﬂLLag

azlwn (Water Holding Capacity: WHC) #1u35999 Malamaneerat et al. 2020 TaALssAan1uLiloanuay

azlnn lnedailevuiaiduiiuaudnats 1 iwuduns Yidasessinusedasuie (instron Model 3433

Universal test machine, USA) wagdnan1siineandmduvadbuduluilaanniuisSves Prommachart et al.

(2021)

N5z dayanIeEin

TATIERMIAIANULUTUTIULUU One way Analysis of Variance (One-way ANOVA) ANUWHUATS

naavIkuuduanysal (Completely Randomized Design: CRD) kaigtUT o ULfIg UAIULANAI5ENT NG

VA983R 2835 Duncan’s new multiple range test AiszAuAUT oy 95% taeldlusunsudniagy SPSS

version 28.0.0 (190)

Table 1 Ingredients and nutrient composition of experiment diets (0-3 week)

ltem Control FBS 2.50% FBS 5.00%
Comn 45.00 42.50 44.00
Soybean meal 34.00 32.00 30.00
Fish meal 5.00 5.00 5.00
Rice bran oil 5.00 4.00 3.25
Rice bran 8.00 9.75 9.50
Broken rice 1.75 3.00 2.00
Limestone 0.25 0.25 0.25
Dicalcium phosphate (14% P) 0.25 0.25 0.25
Salt 0.50 0.50 0.50
Premix 0.25 0.25 0.25
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Table 1 (Continued)

WAL

[tem Control FBS 2.50% FBS 5.00%
Fermented black sesame meal 0.00 2.50 5.00
Total 100.00 100.00 100.00
Calculated chemical composition (% dry matter basis)
Crude protein 23.00 23.00 23.00
Metabolizable energy (kcal/kg) 3,200.00 3,200.00 3,200.00
Crude fiber 5.17 5.17 5.17
Ether extract 5.25 5.25 5.25
Calcium 1.00 1.00 1.00
Available phosphorus 0.45 0.45 0.45

'Premix supplies (per Kg premix), vitamin A 2,000,000 1U, vitamin D3 400,000 U, vitamin E 3,500 U, vitamin K3 0.18 g, vitamin B2

0.8g, vitamin B6 0.56¢, vitamin B12 2 mg, Panthotinic acid 1.89 g, Nicotinic acid 4 g, Follic acid 60 mg, Blotin 18 mg, Coline 95g,

Copper 2 g, Manganese 16 g, Iron 12 g, lodine 120 mg, Zinc 16 g, Cobalt 60 mg, and Selenium 32 mg

Table 2 Ingredients and nutrient composition of experiment diets (4-5 week)

ltem Control FBS 2.50% FBS 5.00%
Corn a7.75 53.25 52.00
Soybean meal 27.00 26.00 23.00
Fish meal 4.00 4.00 4.00
Rice bran oil 3.25 3.00 2.00
Rice bran 10.00 8.00 9.75
Broken rice 6.75 2.00 3.00
Limestone 0.25 0.25 0.25
Dicalcium phosphate (14% P) 0.25 0.25 0.65
Salt 0.50 0.50 0.50
Premix 0.25 0.25 0.25
Fermented black sesame meal 0.00 2.50 5.00

Total 100.00 100.00 100.00
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Table 2 (Continued)

[tem Control FBS 2.50% FBS 5.00%

Calculated chemical composition (% dry matter basis)

Crude Protein 20.00 20.00 20.00
Metabolizable energy (Kcal/Ke) 3,200.00 3,200.00 3,200.00
Crude Fiber 5.17 5.17 5.17
Ether Extract 5.25 5.25 5.25
Calcium 0.80 0.80 0.80
Available phosphorus 0.52 0.52 0.52

'Premix supplies (per Kg premix), vitamin A 2,000,000 1U, vitamin D3 400,000 U, vitamin E 3,500 U, vitamin K3 0.18 g, vitamin B2
0.8g, vitamin B6 0.56¢, vitamin B12 2 mg, Panthotinic acid 1.89 g, Nicotinic acid 4 g, Follic acid 60 mg, Blotin 18 mg, Coline 95g,
Copper 2 g, Manganese 16 g, Iron 12 g, lodine 120 mg, Zinc 16 g, Cobalt 60 mg, and Selenium 32 mg

NAN1539¢

NNSANYIFUTIANINNITATYLAULN
INNANITNAABY WUINNTENINaeuEnlue1sinie lufinasnausuiue msnnuy Y1udngan

WU hardnsIn1siasuesiutininga nasnszeziiainaasd (P>0.05) (Table 3)

NSANYIAUANYIN UazAMAINLLD
31NNANIINAADY WuIINIsiEnInadmdnlueinisinide luduasenunimein wazauainie
(P>0.05) (Table 4 uay Table 5) sariumAudunsa-a1a (pH) spaiileanuazaylnnd 24 F2lus ndadninne

nauldninadminisedu 2.50% dewndnguitldninadminisedu 5.00% uagngualuay (P<0.05)

Table 3 The effect of experimental diets on feed intake, body weight gain and feed conversion ratio

ltem Fermented black sesame meal (%) SEM P-value

0.00 2.50 5.00

Feed intake (¢/b/w)

1-3 weeks 285.82 272.08 291.92 4.20 0.14
4-5 weeks 728.56 735.75 790.00 14.84 0.19
1-5 weeks 474.02 457.55 491.15 7.13 0.16
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Table 3 (Continued)

IWAY

Item Fermented black sesame meal (%) SEM P-value
0.00 2.50 5.00

Body weight gain (g/b/w)

1-3 weeks 173.53 162.95 174.18 3.17 0.29

4-5 weeks 267.32 309.25 324.38 18.38 0.47

1-5 weeks 212.55 221.47 234.25 6.10 0.49
Feed conversion ratio

1-3 weeks 1.68 1.67 1.71 0.03 0.79

4-5 weeks 3.13 243 2.66 0.24 0.51

1-5 weeks 2.29 1.97 2.09 0.10 0.50

Table 4 The effect of experimental diets on carcass quality of broilers (%live weight)
Item Fermented black sesame meal (%) SEM P-value
0.00 2.50 5.00

Live weight (g) 1,323.20 1,378.40 1,320.80 38.44 0.82
Hot carcass 78.19 77.66 75.83 0.54 0.18
Head and neck 8.01 8.19 8.52 0.12 0.51
Wings 9.83 9.89 9.87 0.89 0.97
Pectoralis major 16.53 18.01 16.93 0.39 0.27
Pectoralis minor 3.49 3.67 3.55 0.07 0.60
Thighs 13.64 14.70 14.64 0.27 0.22
Drumsticks 13.07 12.80 13.22 0.15 0.55
Legs and feet 5.33 5.56 5.62 0.11 0.55
Skeleton frame 28.33 25.67 26.25 0.53 0.09
Visceral organs 12.70 12.12 12.11 0.36 0.78
Heart 0.69 0.69 0.65 0.02 0.72
Proventriculus and gizzard 2.66 2.56 251 0.11 0.86
Liver 2.80 2.76 2.78 0.08 0.98
Spleen 0.26 0.27 0.25 0.03 0.97
Intestine 6.30 5.85 5.92 0.21 0.67
Abdominal fat 1.78 1.48 1.41 0.10 0.31
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Table 5 The effect of experimental diets on meat pH, color, water holding capacity, shear force and

lipid oxidation of broiler meat

Item Fermented black sesame meal (%) SEM P-value
0.00 2.50 5.00

pH 45 minutes Breast meat 5.78 584 6.18 0.08 0.11

post mortem Thigh meat 5.87 5.90 5.95 0.02 0.36

pH 24 hours Breast meat 5.63° 5.44° 5.64° 0.03 <0.01

post mortem Thigh meat 5.73° 5.57° 5.79° 0.03 <0.01

Breast meat color 45 minutes L* 50.86 53.29 51.34 0.53 0.14

post mortem a¥ 15.14 13.74 13.90 0.40 0.32

b* 7.56 9.91 8.56 0.71 0.44

Thigh meat color 45 minutes L* 53.87 53.71 51.60 0.80 0.48

post mortem a¥ 15.96 15.73 17.25 0.48 0.42

b* 10.10 10.18 10.61 0.38 0.87

Breast meat color 24 hours L* 58.71 60.30 57.03 0.71 0.17

post mortem a¥ 15.76 14.83 16.24 0.56 0.63

b* 10.76 12.96 10.84 0.64 0.31

Thigh meat color 24 hours L* 62.17 60.64 61.06 0.64 0.64

post mortem a* 16.83 16.48 17.36 0.37 0.66

b* 11.02 12.65 12.24 0.44 0.32

Drip loss (%) Breast meat 18.32 16.43 17.43 0.45 0.25

Thigh meat 16.52 20.01 20.42 0.78 0.05

Cooking loss (%) Breast meat 17.91 15.53 15.75 0.51 0.10

Thigh meat 18.33 19.17 19.08 0.50 0.80

Shear force value Breast meat 0.93 1.04 1.05 0.05 0.62

(kg/cm?) Thigh meat 0.89 0.78 0.71 0.04 0.11
Breast meat

Lipid oxidation DO 0.24 0.25 0.33 0.02 0.13

(mg MDA/kg meat) D3 0.44 0.44 0.37 0.02 0.51

D7 0.47 0.59 0.52 0.02 0.05

b within the row mean significant difference between treatment (P<0.05).
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nmsdnwated wudinsldnnadminluemsliidelifinadousinuemsiiu dividngy
MfiuTu wardnsinisasuomnsiiuimindinaensrezinainaass auananay Naksungnern et al.
(2016) Ainuinsldmnasiluemnslinsemefisedu 6.00 wag 8.00% Heiiu iy waz Uiyl
Snsnsdsuonmaduiningy ﬁgqf‘jmf\]Lﬁumamﬂﬂ1iﬁﬂwﬂuﬂ%ﬁﬁm'ﬂfz’fmﬂmﬁmﬁﬂiuqmmmﬂﬁEN
2.50 wag 5.00% Fefinsldlusinaiitesnit wavdenndesru Tangtaweewipat and Cheva-lsarakul (1995)
seeudldasldnnemaununindamdedugnsomsindeussldldfiuni 5.00% iesainerailiife
aulilaunavensnerdlulugnsonms Iumiﬁﬂ‘mﬂ%’jﬂﬁmé’mwmmﬂ%ummsLﬂuﬁmﬂ’ﬂ%qmdwﬁLﬁysm
Tunsgeamnssuiidedulsadounuulaily esnidsdulsadouwuudaisldsunannenmgdnielu
Tsadoufigsmusssud luduaunmeinuazaunimiondadning vesmsfnwiaied wudildday
uangefunaadd encius pH veniewihenuarazinnil 24 alus nduildnnadminiszsu 2.509% e
sndnguitlininadninisedu 5.00% wasnguaiuau Ssen pH Tudeln uansdisiinamesnsauaniiniign
astunnszuaumslnalalafauuulildendaudielime uwavavauoglundiilo vinlvien pH veanduile
anas (Ali et al, 2008) KATUBNINNTEUIUNTHAILAAY AIASEANUAISINATNaRDNNSIUABULUAYDS
AunILBLTuY (Fernandes et al., 2016) Ssinnisnaaesasfiuinen pH WsluiloonuazasTnnvesnguifly
nnagninluemislidedisedu 5.00% Liunnsnstunguaiuns winguildninandmdnluemsfissdu
2,50 % {if1 pH desniinguduisdanindunaninluninaniasdueyyadasy (Askander et al., 2023)
seduludesnuazarinnuasnguilldsunmnandmiinisedu 2.50% Juhasiasiueyyadasssininguild
nnadwsinluenslideissdu 5.00% LAYNANAIUAL TsanToyyadaszaansatisannsideNanInyes
Tusfuwaglasuluileanlianujisensendindu (Deng et al., 2024) Msfiansdueyyadaszsinitaeiih
Tfimadonanmveslusiuuarloiiuludeonliuazasinnanuffisereendindulutloaninnndt uaslusiud
donanmifudusilien pH veioanas (Offer, 1991) Sedwwalsien pH mamaﬂ'mﬁh’fmﬂmoﬁ’mﬁﬂﬁisﬁu
2.50% dleaninauildnnndmindissdu 5.00% waznguaruay udeenslsAnuinseglugisadndiing

Tuileonlad 24 Flusmdslinne FedAnsyning 5.35 - 6.04 (Le Bihan-Duval et al, 2008)
#3UNan15Y
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Abstract

Rainbow trout (Oncorhynchus mykiss) is a freshwater fish that lives in cold water with a
temperature range of 12-25 degrees Celsius. The Royal Project Foundation, in collaboration with the
Department of Fisheries, has successfully studied its aquaculture since 1998. However, current climate
change has affected rainbow trout aquaculture, causing continuous and prolonged fish fry mortality.
This research aimed to study the application of the recirculating aquaculture system (RAS), a prototype
of smart agriculture based on the IoT system, for the hatchery and nursery of two all-female rainbow
trout populations with different chromosome numbers, namely 2N (diploid) and 3N (triploid), to solve
the problem of fish fry mortality. It was assumed that fish fry with different chromosome numbers
may respond differently to the recirculating aquaculture system (RAS).

The study was divided into two activities: Activity 1: Hatching of rainbow trout eggs at the eyed
stage from two populations for 30 days. It was found that the hatching rate of the 3N population was
97.02+0.23%, higher than that of the 2N population at 91.13+0.07%. There were 42,726 live eggs, more
than the 2N population with 39,387 live eggs. There were 1,625 atresic eggs, fewer than the 2N
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population with 4,147 atresic eggs. This was because the 3N population was stronger than the 2N
population, resulting in more live eggs and a higher hatching rate. The difference was statistically
significant (p<0.05). However, the weight and length of the newly hatched fish were higher in the 3N
population, but not statistically significant (p>0.05). After 30 days of incubation, the 3N population had
a higher survival rate (90.79%) than the 2N population (86.76%). As for the specific growth rate, the 2N
population (7.15+0.00%) had a higher specific growth rate than the 3N population (6.86+0.00%), while
the average weight and average length of the two populations were not significantly different (p>0.05).
Activity 2: Nursery of two populations of rainbow trout at different stocking densities in a semi-closed
recirculating water system for 90 days. It was found that the stocking density of 2,000 fish was the
most suitable for the nursery of rainbow trout because it resulted in the highest survival rate for both
the 2N population (94.07+0.15%) and the 3N population (93.87+0.60%). The specific growth rate,

average weight, and average length of all treatments were not significantly different (p>0.05).

Keywords: nursery system, rainbow trout, recirculating aquaculture system, smart agriculture
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Diagram of a semi-closed recirculating water system for smart agriculture using loT system

1 ¢ 1

solid removal

¥
Biological filtration system

Uses a 1.0 HP water

rainbow trout slzed fish
0.50*3*030 meters Water

pump with a water flov

Water tank size
rate of 90 liters per

3000 liters

flow rate 20 Uters per
minute, 9 ralls

minute.

Use the Drum filter model QL-PM- . .
Water will flow into the
Biological filtration system (moving bed 30 to filter to remove solids such as nursery chute by Gravity.
media), volume 172 liters food.

o | S +
]
I
Inside the
temperature Compressor refrigeration control unit size
Tl Watar resarvolr slze Disinfection system (UV lamp), Oxygen core model QLB523, 380140y inside the water rassrvoir
room 3.35%0.29%2.23 meters slze 40 watts, 10 bulbs oxygen addition system to control s el 15
Eliminates bacterla and viruses In It to a level of 8-10 mg/L degraes Calsius.
water

Figure 1 Diagram of a semi-closed recirculating water system for smart agriculture using loT system
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Table 1 Hatching results of rainbow trout fry from two populations

Parameter Duration (day)  Diploids (2N)  Triploids (3N) P
Egg size at eye stage (mm) 1 5.34+0.28 5.26+0.36 0.785
Number of live eggs (eggs) 7 39,387+1,426.45° 42,726+286.33*  0.026
Number of atresia eggs (eggs) 7 4,147+11.15° 1,625478.95° 0.014
Hatch rate (%) 7 91.13+0.07° 97.02+0.23° 0.020
Average weight of newly hatched fry (g) 8-14 0.11+0.00 0.12+0.00 1.000
Average total length (mm) 8-14 15.28+1.34 16.25+1.06 0.766

The mean (mean+SD) indicated by different English letters horizontally indicates a statistically significant difference (p<0.05).

nseyuragnUansuluinidaesnguuseansluseeg 30 Tu nudlumugnsinissennevasgnuan
nauUsE¥INT 2N Waznauuseyng 3N d8nsin1ssenmelavany 7 U 18ms1n1558AR1e 94.04 Uay 97.68%
91g 15 Ju 19n31n1559AM18 90.06 wag 94.29% wavany 30 U UnI1N1558ANY 86.76 wag 90.79%

Weollmsendeyanadanuinfinnuunnaieiuegeiidedidynisadfisenineanguuseving (p<0.05) Tuau

q

o

gnsInsaTgaulndmizvesgnuaingy 2N wagnay 3N lagaig 7 Ju 16nn15saulndunig
6.22+0.00 Ua¥5.79+0.00 % WWloany 15 Yu TdanmaaiaAuladums 599+0.00 uag 5.65+0.00% 81 30 Tu
193N TLAUladNY 7.1540.00 wag 6.86+0.00% Lﬁa’imswﬁ%yjamqaﬁawudwﬁﬁ%mﬂmqﬁu
pg1aflfydAYNeaiAvednIINIsRTyAUlnd g sENIeERINquUsEYINs (p<0.05) Tuguthainade
vosrsmoanguUsznsiiiudnnde 81y 7 Fu 0.17:0.00 waz 0.18£0.00 N3 81g 15 Fu 0.27+0.00 n3u uag
0.29+0.00 N34 818 30 ¥u 0.94+0.00 wag 0.94+0.00 N3 AwAFy ol zvideyameaianuilsifa
wAnAeuN9adA (p>0.05) lusuaiueriads nuitldfiauwandeiunieadd (p>0.05) Wuiieadu lng
91y 7 Yu flanueaiade 19.95+1.78 way 19.54+1.38 fadluns 01y 15 YU 28.94+1.94 uay 29.55:2.01
1afwns 818 30 W 41.5324.64 uay 42.71+2.59 Jaduns aqﬂlé’dﬂﬂduﬂszmﬂiqﬂﬂmﬁy’q 2 ngu 1oy
7-30 U 1M31N1550ANELANA1NIEDRA Tasan1znguuszying 3N 16n51n1350A8INNINAUUITEYINT 2N
uinguuszens 2N f8nsmaaiyiuladunizinniinguussains 3N dautmdniedsuazanueniade

vosgnuarlaifianuuanesiunisada (Table 2)
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Table 2 Survival rate, and growth of rainbow trout fry from two populations during 7-30 days old

Parameter Age of fish fry Diploids Triploids P
(days) (2N) (3N)

Survival rate (%) 7 94.04° 97.68° 0.012
15 90.06" 94.29° 0.015
30 86.76° 90.79° 0.014

Specific growth rate (%) 7 6.22+0.00° 5.79+0.00° 0.023
15 5.99+0.00° 5.65+0.00° 0.019
30 7.1540.00° 6.86+0.00° 0.013

Daily weight gain/per 7 0.17+0.00 0.18+0.00 1.000

day (g) 15 0.27+0.00 0.29+0.00 1.000
30 0.94+0.00 0.94+0.00 1.000

Daily length gain/per 7 19.95+1.780 19.54+1.380 0.214

day (mm)
15 28.94+1.970 29.55+2.010 0.692
30 41.53+4.640 042.7+259 1.000

The mean (mean+SD) indicated by different english letters horizontally indicates a statistically significant difference (p<0.05).

fanssun 2 n1seyuragnuansuluimsdasinguuszyinsinizideslusgduanunuikiunuaneeiy
Tuszuuihmyuiguwuuiade
310 Table 3 wuindadeluFesnguusssinsvisaeangulssvinsliinadeynanyuenis a3 gLaule

Y

EL‘WUEIJU‘VI mwwumumaamsaumau NaRY1ANA A UL e d)

(%

B (p<0.01) AosnTINTTen willifinadiu
Fnwardu q daluFerfHuniusssminnguussrnauaraumuuiinaog iinaunndsog il Tod Aoy

(p<0.05) ustlsifinafudnunrdu q Wity Feduiidnuimseyualafissduarmumuuiu 2,000 6 ﬁﬁmw
ssenaNniian (93.967%) ﬁgmzjmszﬁzmsﬁwwaaaﬁ (2N) viSenguuszynsninwases (3N) lngildnsnissen

q

wnaawiedaumuILLy 2,000 i1 Ag 94.067 Lag 93.867% AME AU
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Table.3 Results of rearing two populations of rainbow trout at different densities in a semi-closed recirculating

water system, a prototype of smart agriculture based on loT (loT), after cultivation for 90 days

Populations Density Survival Daily weight  Daily length  Specific growth
rate gain gain rate
(%) (9) (mm) (%)
2n 93.133 0.078 0.668 2975
3n 92.933 0.082 0.660 3.027
1,500 92.100 b 0.084 0.687 3.082
2,000 93.967 a 0.075 0.642 2.920
2n 1,500 92.200 b 0.085 0.690 3.110
2,000 94.067 a 0.071 0.647 2.840
3n 1,500 92.000 b 0.083 0.683 3.053
2,000 93.867 a 0.080 0.637 3.000
F-test Populations ns ns ns ns
Density ** ns ns ns
Populations x Density * ns ns ns
CV (%) 0.74 15.24 9.64 6.99

ns, ¥, ** = are non-significantly difference, significantly difference at P<0.05 and P<0.01, respectively

YMeans within the same column followed by different letters are significantly different by DMRT

2130IHaN1539Y

msfnwnsiinlivesUaisuluings 2 ngudszunsfisidauyalashilvuunndeiu Wuna 30 fu
nuInquUsEIng 3N d91uultd snsinsiwziinuinnitnguuszyins 2N wasdduiuludetdeundtnge
ngudszeng 3N farmudeusendingudsyeing 2N virlsiidualifninniy Fafidnsnisinziinigandn
waziioimnzilnnuinagitminuagauenauinnit aeardesunissesuves Lee et al. (2023) finuin
Igvasuluimsditlaslaley 3 g Triploids (3N) Insadydulnnainiliansuluimsdniasialsy
2 %4 Diploids (2N) sisludurasiminiadsuazaruenia nmsfnwviniseyuiagnuansuluived 2 ngy
Uszennsflssduamuvnuduiiuansnsfilussuuivyudeusuuisda Wune 90 fu wuhssduamumuuud
2,000 #7 wsnzaudmiveyuiagnuansuluingd mszgnuaniisnsisennis 94.07+0.15% deo1aiinann

N15A8909gN luANNUINIY 2 SEAU d31urun1sanelnaifeaiy williod1u13As18dnsInssennie
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e oS dudsnINIsenmeraINguIzAuUANUIMIL 2,000 fagendt mszdduulailunismeaes
UINNINTEAUANUAULUY 1,500 67 ’lumwﬁé’mwmnﬁm@dmﬁwwm Ywriniedsuazanuenae NANTTUID
e luAnANIUNNSERR uATisEFUALMUILLY 1,500 6 ‘wm'ﬂﬁLLuﬂﬁuﬁﬁmwmm'%zylﬁuimﬁwwa Yniinade
warANeIeaY wnnindndos W 2 Uszung wsrsiiseduanumuiudutesndn Seilgisnsinns
WILAUTRTINE dmdniade wazanue1RAsINnINsERy masMkLui 2,000 6 Tuwaedl Suda et al
(2022) l¥FnwnsdssUavslevlussiunumnuduiiunananeiu 4 seu Ao 250, 300, 350 way 400 /AT
TussuunyuIsuwuuTaruaEnAuRUULINBRTTIRSEEUNIZUY [oT Wulfeaiu nuidnsInssennieynszay
AMUNUIUUlLWANA19TY A 100+0.00, 100+0.00, 99.28+0.01 kA 98.92+0.02 WHTLAUAITUNUIBUY
fiisduiuuliiandninisseangvastan agndlsfinm dMIUN1TOUUIAINUAD1RTTEAUANUNUIRILYBS
anuawnndsilusdinvesuauazszuunmseyuia ddduiiiléifeyuragnuarlussaunuaa Jeuansnaain
FBnseyuiagnuaignaemAlussuuiiilvates Detanun et al. (2021) Ald38nsoyuialudmanainguads
TnenudsedummmuLLLimnzay Ao 500 da/msy. Wosnivmdneds anuenieas uarn1saseyLAule
Aifian usssFuAIMIWIY 5,000 F/msu. T8nsengefign uazmseyuagnuammelunseda Ungsetthaphan
et al. (2011) AnuinseduauwLduRvNzay Ao 200 Fa/nsa. Tnefitlsnsinswasuemsiduieuas
Smmnnssen lsiuansstumusuuiuil 100 way 50 d/asa uilirrareuwuofMugsTian dugnuamimiin

nuINsEAUAMUTUILIUIINgaud mTunIseyUIag nuaimilnAe 600 Aa/au.u. (Seetapan, 2020)
A3UNaN1339Y

nsfnwnsilnldesUansuluingd 2 nguuszrnsidauugalasiulauansieiu iWunan 30 fu
NWuIINguUsEYIng 3N T9uaulad 42,726 Wed uazdnsinisiwiziln 97.02% u1nnInguuseying 2N Al
1uauluf 39,387 Wog wazdnsnisimiziin 91.13% waziidwiulude 1,625 Wes Wesninguuszying 2N Nd
Sunulaide 4,147 veos Matidumsiznguuszyns 3N danuudasannniinguuszeins 2N Fsdduiuled
wnnd ilvanunsamneiinlalugnsnanii wasiilomnziinnuinaziindnuazaiugauinndi uwiliuane
aa v <) v Y ! ' a v
N19add wagnasniieiiniduan 30 Ju nuidnsnissennigazanat InenuInguusesng 3N 16057

N1359AMELINNTT (90.79%) NguUTEYINT 2N (86.76%) diudninisasaauladmienuinguusevns 2N

q

a

(7.15+0.00%) 8051015693 qsAULATNNIZUINNTT NGUUTEYINT 3N (6.86+0.00%) lunugiuminiage

]

warANNENNRGRY 119 2 NaNUsErnshiuananmeada daumsfinwiniseyuiagnuantsuluives 2 nguusesnns

S o |

d' ! 1Y H = = a < [ ! [ oA (g
sgauanuvunwduiuanaiulussuudmyudsuiuuidn Wua 90 Ju nudiseduauvuiui 2,000 67
fanumnzandmiveyuiagnuansuluiinsduiniige inseglvgnsiseanmeuniign Manguusesing 2N
(94.07+0.15%) Waznquusey1ns 3N (93.87+0.60%) luvazdns1nsiasaLavlndinieg umdniadeway

AMUEIRREAY YNNTIUITLURANA1TUN1EDA
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Preliminary Study on Using Tape Seagrass (Enhalus coroides) Rhizomes

From Marine Debris for Restoration in Artisanal Fishery Communities
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Abstract

Seagrass beds are crucial ecosystems, but they are currently facing significant decline.
Wirachwong (2021) observed numerous seagrass rhizomes washed ashore mixed with marine debris.
This led to the idea of collecting these rhizomes (Enhalus coroides), rehabilitating them to a healthy
state, and replanting them in their natural habitat with the help of local fishing communities. This
preliminary study focused on the recovery of seagrass rhizomes by using two methods: floating in
seawater and planting in soil. The study utilized three types of chemical fertilizers (slow-release 13-13-
13, 40-0-0, and 15-15-15) and an organic fertilizer (pelleted chicken manure), which were planted like
lotus, along with growth stimulants for shoots (BA) and roots (NAA), and with aeration in water for 45
days. Data collected included the number of leaves, leaf length, the number and size of roots, and

plant size. Results showed that planting rhizomes in soil with organic or slow-release fertilizer promoted
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new leaf growth and the good development of old leaves. Floating rhizomes in water resulted in new
leaf growth (the number of leaves was 3, leaf length was 10.3-12.0 cm; the number of roots was 2, root
length was 4.2-5.8 cm, and root size was 0.2-0.3 cm). However, the floating method in seawater allowed
new leaves to form, but old leaves began to decay. Therefore, planting in soil with organic or slow-
release fertilizer, and possibly adding BA and NAA, produced good growth results. This finding serves as
a guideline to promote seagrass regeneration methods for local fishing communities while ensuring

effective land use management.

Keywords: Enhalus coroides, seagrass rhizome, restoration
UNANYD
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2014; 2015) uenniuvamgmsadgasdestunisinezvemeils wigaaduarsueueiunsgle
\Jueead (Luan et al,, 2023) Ineamzvgiiamea (Enhalus coroides) Fadungmeiadidvuslve) witagiu
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1. Mavausmmimghameanidlunsdne dllunmsiumimghamsafignusaudadiundmensia

UrUuegiuvesneia luriafouliguiey w.e. 2567

Figure 1 Seagrass rhizomes mixed with marine debris, were washed by monsoon onto the beach,

in June 2024 in Trang province

2. g amglaunfsiusla dnnvinsdauasenluilian wavdiureaninfiuiamnisiiiesn

s

finsldvianin (Whole rhizome) uazdnuuaulugeniug (Shoot) wazvieuniug (Stalk) wusnisfinwiesnidu

]

2 NHUVAGBY Fig
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2) nsUgnasiu @Eunseilaainnega) vimsimianuanadlunigugnun 5 wudiwns divisuiug
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MsasvuAulpsliusnadesiuius i Ansudiusend miseonlududasuiiuiu udriufiefum 1
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Table 1 Number of buds, shoots and length of rhizomes, before and after the treatments

Treatments No. of buds No. of shoots  Rhizome length

(cm)

before after before after before after

1. Floating
1.1 Whole rhizome (WR) 0 0 1 1 11.0 11.0
1.2 WR planted like lotus+SRF 0 0 1 1 09.4 09.4
1.3 WR+BA+SRF 0 0 1 1 04.5 04.5
1.4 WR+NAA+SRF 2 2 1 1 06.6 06.6
1.5 WR+BA+NAA+OF 0 0 1 1 08.0 08.0
1.6 Shoot 0 0 1 1 02.2 02.2
1.7 Stalk 1 4 a4 0 0 06.0 06.0
1.8 Stalk 2 1 1 0 0 05.0 05.0
1.9 Stalk planted like lotus+SRF a4 a4 0 0 07.0 07.0
1.10 Stalk+BA+SRF 2 2 0 0 05.1 05.1
1.11 Stalk+NAA+SRF 1 1 0 0 06.5 06.5
1.12 Stalk+BA+NAA+OF 0 0 0 0 07.0 07.0
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Table 1 (Continued)

Treatments No. of buds No. of shoots  Rhizome length

(cm)

before after before after before after

2. Planting
2.1 WR 0 0 1 1 14.0 14.0
2.2 WR+OF 0 0 1 1 11.0 11.0
2.3 WR+CF 40-0-0 0 0 1 1 12.6 12.6
2.4 WR+CF 15-15-15 0 0 1 1 14.0 14.0
2.5 WR+SRF 0 0 1 1 14.0 14.0
2.6 WR planted like lotus+SRF 0 0 1 1 08.0 08.0
2.7 WR+BA+SRF 0 0 1 1 08.7 08.7
2.8 WR+NAA+SRF 1 1 1 1 05.5 05.5
2.9 WR+BA+NAA+OF 0 0 1 1 06.0 06.0
2.10 Stalk planted like lotus+SRF a4 a4 0 0 05.0 05.0
2.11 Stalk+BA+SRF 0 0 0 0 08.8 08.8
2.12 Stalk+NAA+SRF 0 0 0 0 02.6 02.6
2.13 Stalk+BA+NAA+OF 0 0 0 0 05.0 05.0
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Table 2 Number and length of rhizome leaves, before and after the treatments

Treatments No. of leaf Leaf length (cm)
Before After Before aveg. After ave.
1 2 1 2 3
1. Floating
Whole rhizome (WR) 2 3 a7 61 54 3.6 51 23 3.7
WR planted like lotus+SRF 1 3 3.4 0 34 5.6 56 16 43
WR+BA+SRF 2 2 a0 15 28 3.9 2.5 0 3.2
WR+NAA+SRF 1 2 4.2 0 4.2 7.9 5.4 0 6.7
WR+BA+NAA+OF 2 2 35 20 28 2.0 0.7 0 1.4
Shoot 2 3 40 64 51 5.0 29 11 3.0
Stalk 1 0 0 0 0 0 0 0 0 0
Stalk 2 0 0 0 0 0 0 0 0 0
Stalk planted like lotus+SRF 0 0 0 0 0 0 0 0 0
Stalk+BA+SRF 0 0 0 0 0 0 0 0 0
Stalk+NAA+SRF 0 0 0 0 0 0 0 0 0
Stalk+BA+NAA+OF 0 0 0 0 0 0 0 0 0
2. Planting

WR 2 3 a5 40 43 141 125 42 103
WR+OF 2 3 43 20 32 124 93 70 9.6
WR+CF 40-0-0 2 2 18 12 15 1.5 0.9 0 1.2
WR+CF 15-15-15 2 2 60 32 4.6 4.5 3.0 0 3.7
WR+SRF 1 3 30 00 3.0 5.0 33 09 31
WR planted like lotus+SRF 2 3 48 48 4.8 11.0 52 45 69
WR+BA+SRF 2 3 59 32 46 180 126 55 120
WR+NAA+SRF 2 3 15 15 15 5.0 35 12 32
WR+BA+NAA+OF 1 3 1.0 0 1.0 5.0 a9 11 37
Stalk planted like lotus+SRF 0 0 0 0 0 0 0 0 0
Stalk+BA+SRF 0 0 0 0 0 0 0 0 0
Stalk+NAA+SRF 0 0 0 0 0 0 0 0 0
Stalk+BA+NAA+OF 0 0 0 0 0 0 0 0 0
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Table 3 Number and length of rhizome roots, before and after the treatments.

Treatments No. of roots New root length New root size
(cm) (cm)
Before  After 1 2 ave. 1 2 ave.
1. Floating
1.1 Whole rhizome (WR) 0 1.0 2.0 0 2.0 0.1 0 0.1
1.2 WR planted like lotus+SRF 0 2.0 5.0 0.2 2.6 0.2 0.1 0.2
1.3 WR+BA+SRF 0 1.0 4.2 0 4.2 0.2 0 0.2
1.4 WR+NAA+SRF 0 2.0 2.0 0.7 135 0.2 0.1 0.2
1.5 WR+BA+NAA+OF 0 0 0 0 0 0 0 0
1.6 Shoot 0 0 0 0 0 0 0 0
1.7 Stalk 1 0 0 0 0 0 0 0 0
1.8 Stalk 2 0 0 0 0 0 0 0 0
1.9 Stalk planted like lotus+SRF 0 0 0 0 0 0 0 0
1.10 Stalk+BA+SRF 0 0 0 0 0 0 0 0
1.11 Stalk+NAA+SRF 0 0 0 0 0 0 0 0
1.12 Stalk+BA+NAA+OF 0 0 0 0 0 0 0 0
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Table 3 (Continued)

Treatments No. of roots New root length New root size
(cm) (cm)
Before After 1 2 aveg. 1 2 aveg.
2. Planting
2.1 WR 0 2 7.9 0.5 4.2 0.2 0.1 0.2
2.2 WR+OF 0 2 7.9 5.0 6.5 0.2 0.1 0.2
2.3 WR+CF 40-0-0 0 0 0 0 0 0 0 0
2.4 WR+CF 15-15-15 0 0 0 0 0 0 0 0
2.5 WR+SRF 0 1 2.0 0 2.0 0.2 0 0.2
2.6 WR planted like lotus+SRF 0 2 9.0 0.4 4.7 0.4 0.2 0.3
2.7 WR+BA+SRF 0 1 58 0 5.8 0.2 0 0.2
2.8 WR+NAA+SRF 0 1 5.0 0 5.0 0.2 0.1 0.2
2.9 WR+BA+NAA+OF 0 1 52 0 52 023 0 0.2
2.10 Stalk planted like lotus+SRF 0 0 0 0 0 0 0 0
2.11 Stalk+BA+SRF 0 0 0 0 0 0 0 0
2.12 Stalk+NAA+SRF 0 0 0 0 0 0 0 0
2.13 Stalk+BA+NAA+OF 0 0 0 0 0 0 0 0
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Development of a Simple Process for Fermented Soybean Production

at the Semi-pilot Scale
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Abstract

The Rhizopus microsporus fungus was used for fermented soybean production on a laboratory
scale to be utilized as a protein supplement for monogastric animals. This study aimed to develop a
simple process for fermented soybean production on a semi-industrial scale for further utilization. The
results indicated that steaming under atmospheric pressure for 60 minutes effectively eliminated
bacterial and fungal contaminants. Subsequently, a 0.4-0.5% lactic acid solution was applied to inhibit
bacterial growth during fermentation. Additionally, it was found that the supplementation of probiotic
bacteria, Lactobacillus reuteri and Enterococcus faecium, in the fermentation process could further
reduce bacterial contamination. Drying the fermented soybeans in a hot air oven at 65°C did not
adversely affect the viability of the probiotic strains while increasing the content of reducing sugars,
protein, and free phosphate by 67, 9, and 83%, respectively. This process successfully produced up to
100 kg of fermented soybeans per batch.

Keywords: soybeans, fermentation, probiotics, lactic acid, semi-industrial scale
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1ay L. reuteri @1115aREANTALANGN (Lactic aod) ’JEJEJU‘ENﬂ’]SL%iEUGUENLL‘UﬂWLiEJ‘VIllI‘WQ‘Ui aeAly

=

FENINNTLUIUNTITWIN 19U Bacillus sp. kag Clostridium sp. mmmmammmwmaﬂmﬁmﬁmsﬁlﬂ wen Nt

Pretasunisteslusiukazarsemistudundeslviduse@nsninge¥u (Kacharoen and Kacharoen, 2001)

¥ a a6

lwvaue? £ faecium reUsuugsaunavesqaunidlunssuiunismvdn wasiunumlunisndnansiugaunsd

o
£ £ L3

(Bacteriocins) fithedudsnisiadnuosaunieilifomis fuiuaraenfouaznmnmussuaniusinislis
R. microsporus wazwuaiiiselnslulefin L. reuteri wae E. faecium lunszuiunsvsingundesdeananse
annsUulounnqdunisilifiasrasd wazifiunsgosarsermsludundedliivssansnngsdu vl
Lenanfusifisinuamalasuinisgs wazanunsaltiduunaslsiudmivdnilfesaiuszansam

Tutligdumandnnvdesmdnluseduisanamnssuladnisiinalulaging 4 uldieanszeziian

lunsndnuaziiinyseangamlunisnds FoildaiunsanivauaunInvendndusiuazUTuanIsudn
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wInaaun1an1enm e lildnadnsnadateuazinunimaslunisudngindemdnitldlunisiaulushiu

v ¢

dmsudnd dalu dnguszasAvesnuddel Ae nismuinssuiunsundnannieddussduisgnainnssy
Ineldides1 R microsporus saufukuafiselnsluledin L. reuteri uae E. faecium WaUsulianssuiumsniuay
A nuazaanisUuUeulusenitenisdn lnegdanianazuulsmunmndadaetlusueng 9 wu maiugns

AueULABATEMATA1T01MNTNg0EdIY N1IAIVANNTFUIUNMSKARTVTIUSEAVEA NINTY

4 ad
aunInULaLIENS
QAUNIIUALNITATEURILYD
W93 R. microsporus WUATLSY L. reuteri wag E. faecium lasuuiainaianivinaluladdinin
A InEImans univendewild usnwilinieamgll -80 ssrwadea luasavarenfiveseaninududu

Seuay 20 (w/v) Fadassananankentaunanaveinkazsuanisglnslulafinisdasenlaanmaauemsia

nMsWANNITUUNHARA WA wsnag e lusERUR sgAanTTL
1) misein3euiate
1.1 WisuiisuuszAnsamnananaledves \Wes R microsporus newaldosuadsuluguans
wuruasevesales (spore suspension) Tagldiindeduduiosay 0.85 (wi) me,gmluammvﬁqqm PDA
fisvduarmuvesiuuanieiu Tnsmuauliuiiiawiiu mzsdsadunm 3 Yu gumgl 30 ssmiwaldes
MnTumSELANsLYILAREYeEUaSUETUS uuEUBSEe Hemacytometer lWWSsUWBURY 1denUSunaems
fioefianuadsnsUszavinmnsnanaUesiilel fudaidondely
1.2 wiswiadenuafidelnslulefin L reuteri wag E. faecium Tnew3esilusuansumuassveasad
TnoimzidssuuaiiFoudazvdaluomsmangns MRS fgaungfl 37 ssrneaideoa 24 dalus wdadumies
Wumnawead &1 2 afsdetindeduduienar 0.85 wa) Wieldsnlunssuiumaninduiiden
2) mirsutwdadwies vnsmadeunsdeudiensdanenuuaiiieairsaesfivuidionuuiudn

DMADIUINAFABUNITAT DA LNTALAARNIUTEAUANULINTUY AIWAS88aE 0.00-0.50 (V/v) Ia8Ln1zLa e

a

wupilisgvulouluemsimaigns Nutrient Broth (NB) wiunsauanfnluuTuianimuall duiigungd

9 Y

v oA

30 ssrwaldea Wuan 24 Falus anduduneenuguuesemsidende @ensedumnududuiivesiign
Narusadudanisiasgyreanuaiisevulouls weldudiudndiviesdely
3) nulesiYaIuanfInAe WisusuUsyansnmnisandelagleirinnuduusseinia lagld

! ) ° & a A v v = o = v = Y I3
LIALLENEINNUY WﬂﬁaUIﬂUu’]LNaﬂﬂ'ﬂLﬁaaﬂmmquﬂqiusﬁlﬁ 1 ﬂmn‘mﬂ’]iudiuwuammwﬁwﬂﬂ WulkIanuny
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60 Wil lnedimsiiudegnundendussezudnhundinszidiviudeqdunsduudeuniunguuuailie
WAZITRI1 fe35 Total plate count UUBIMTUTIGAT NA ke PDA AIua16U

a

4) widaendn vin1sudnuuunia (Tray fermentation) ¥WIAN15KAR 2 Alan$i/a1n ATIUANUNA

Y

a

71 2530 ssmwadea WHunan 24 $alus Mntulieudisunisminuuuinsasliiduuuedidelnslulefn
$2ude WeAugananiin ssliuussansnimmandndemsdananau dnwazdsng waeauaudiniaad
A thana3d (Reducing sugar) A&7 DNS method (Dinitrosalicylic acid method) USinauwlaaindase
(Free available phosphate) m&/35 Heteropolyblue Wagansinueuyadasy (Antioxidant) A7e75 ABTS assay
(Wongputtisin et al., 2012)

5) miagsinuie dvdeaninviwisinedouaniou naaeunavesgumgiidiau 4 sedu leun 55, 65
75 wag 85 ssmivaldua Nidenissentinvesinslulofnuas auandAimaaiiunasynsvesdnsast 1iun
a1sTulainse 181 WWsdunenu Loy 18 ol wdsau (AOAC, 2012) USunmveainadase (Free available

=

phosphate) #2835 Heteropolyblue U3unalusiudiazansls (Soluble protein) #2835 Bradford U3una

Um1anavue (Total sugar) A2875 Phenol sulfuric acid W1m18372% (Reducing sugar) A2875 DNS method

(Dinitrosalicylic acid method) kazeansAUeULadase (Antioxidant) 77835 ABTS assay (Wongputtisin et al,, 2012)
NANITIY

nansadaUYsEANSAwNsHAnaUsfiies R, microsporus Tua1%1s PDA
nsvanesERngUszasiifleUseiulssAvsnmmananadefiion R microsporus UueNsRETe
PDA fiflannamunsinaifu 4 sedv T6un 2, 6, 8 uay 10 wufilums 91NKANTNARDINUTN IYNSAAINIUA 10
wufuns anunsananavesleuiniiaad 4.65x10° aves luvaeiinnumun 2 wufins ndnavedldiies
2.00x10° ala$ udidloRarsaunyiinualesdevsinuemnsdsade 1 Tadans nuinrumund 2 wufiung
ansandnaveslduniian Tnenanadesls 2.00x10° adedsion1vns 1 faddns Fwandiifiuinanunsondn

avasiwaslaunnluusunuermsntesni

Table 1 Comparison of the spores product efficiency of R. microsporus in PDA medium

at different thicknesses (volumes)

Thickness Amount of medium Total spore number Spores from 1 ml of PDA
(cm) (mU) (spores) (spores)
2 100 2.00x10° 2.00x10°
6 300 3.00x10° 1.00x10°
8 400 3.10x10° 7.75x10°
10 500 4.65x10° 9.30x10°
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v A

neunthiinisulingundeswindinisuuilauainadunidviindu lnslanived g wuaiiisesusiaun

oA v s o 9 v a v Ao o a A a oV Yo & X ) ' Y o
naufiasvaves vlidumdewmdinidanvauziiadenuasniuqu Jsldrnuenitiovulowandisguaitiun
AnwmusuIunIaLanin Mvagauson1sAIVANNITASYVAYBAINGTT HAN1TNAGEINUI LinuANYY
293991915b88909 TuAuAuTuTululSuuaIws Sasaz 0.30 (v/v) vluduly waziinani1sduda

1§ogreauysal TuuSinaidosay 0.40 uaz 0.50 (v/v) (Figure 1)

%(viv)

Figure 1 Growth of the selected and contaminated bacterial strains in the NB supplemented

with varying amounts of lactic acid

a a 4 0 & v K
nan1snagauUsEanS A wasieainyanielan
Tunsueasstiiunismeasulseansnnnistsaindaselathlunssuiuniswsouiwasenaunisuin

A o 9 v & o v _a e al & & N a & v & =
L‘W@'Vl'ﬂv‘ﬂ’lL‘Wa@\ﬂ‘jﬂLLa&’ﬂ'ﬁ]ﬂﬁ!aumiﬁﬂUULU@u NILUANLIY LLAasbyDIN Naﬂ’]'ﬁ‘VIﬂﬁaULLaﬂﬂiwmuﬂmim

Juwnan 10 wiil awnsaanUsunagdunidldedaiveddny uidnsdinisvuleouveuwuafieegluszaui

¥

Juld 2,850 CFU/N3u waztdinsdntes 100 CFU/nY agslsAny nisdanldinaiunudunuiinisdnias

a

Tavianunanielu 20 Wil wagn1saenuAfiseiavaaly 60 Wil elinugdunsgnsendin

Table 2 Number of survivals contaminating microorganisms on soybeans after steam sterilization at

the atmospheric pressure and at various duration.

Microorganism Steaming time (min)

0 10 20 30 40 50 60
Bacteria (CFU/g)  Limit of detection 2,850 1,700 800 750 5 0
Fungus (CFU/g)  Limit of detection 100 0 0 0 0 0

126



INTELLIGENT
a ) a o, v A ) o v au P oA a a 1Y WI BEING
i’lﬂﬂ’]uﬂﬁiﬂisﬂ'}n’mﬂ’ﬁitﬂU‘lﬂﬁ Uszdl 2567 Juiil 19-20 Suan 2567 a. dinideuardaasuiznnismanens uinivendoully Iw‘ ,:( ‘,E;(l ul |“;\-‘|

nagauUsznsnmniawsinlasisiatenauvadinslulafin uaznsutiwdndamasdaensauanin
winsrurunsutiuiaduvdesisarsazatensauaninuaznissindefeloinazdisandiuiy

Fouwtould udnszuruniaminadeiidunuy Semi-aseptic fermentation dslailédmrugunisuitou

vosqaunisluanmindentesiinlaeauysal drdudefnvnavesnislivadelnslulefn wu L. reuter uas

E. faecium sausefunsulnlaeios R. microspores wan1smaasuanslimiiuin msldwudelnsluledin

o w

suAunsurnIaanfintieannisuuilsuvesiuafieagniitediAny lnomnizeg19snisandyminisiie

' v v

nauguuazilandniinduilolin1sUuilauvesuaiiiss UanINTFINuINGes R microsporus auNs0La3ey

[ T VR VA '
v U o w o =

1PRTUNMITUN TN FedanalinszuumsveniiuszanS mwunnJudlaieuiunsudnineld@esiileseg19den

v v A o

nsnageuaunIMMIaATl uansliiuienisdsunUasidfgyndinnianniomiunssuiunisudn

o o =

Tu Table 3 nudrUSurainainadludindeinfiuiuededldoddy dlofisuiudandesneuntn
duiisvanm 6.1 Sadnsusondy wivdnmsuinuds wulsinahmeimdiutudy 19.7 Sadnsusensa
(voututmdomin) war 18.4 fadndusendy (nenstuvesdamiowmin) demalvirn Degree of Polymerization
(DP) Faflususimaluanavesinduennilsfanasann 24.8 luduvdosneuntn wdedis 2.1 (veudu
fumdemsn) way 2.6 (na1sduvedandein uasUSinaeandasyintuegrannvdaannmsusin
Tneneawindasyludumdasneunisndniiusyana 8.7 fadnsusensy windsnsmdnnuinfiviunameas
Sasviiutwdu 54.9 Jednfusondy (veududandemin) uaz 52.6 fadnSudens (harstuvesimasviin)
Tuduvegriiueyyadasyludivdesiiniutundannszuiunisiin Tne feunsindgnssuoyyadasy
Sovay 22.78 uwindsnnisuinudafignisuouyadassfiutuiudosay 39.2 (voutuduvdemn) uas

Seay 44.5 (NANTUVDINLNABINIIN)

Fungus

Fungus+Probiotics

Figure 2 The characteristics of fermented soybean obtained after co-inoculated

with or without probiotic starter
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Table 3 Certain chemical properties of fermented soybeans (FSB) compared to unfermented soybeans

Samples Reducing sugar Degree of Free Phosphate ABTS scavenging
(mg/9) polymerization (mg/g) activity (%)
(DP)
Soybeans 6.10 24.80 8.70 22.78
FSB layer margin 19.70 2.10 54.90 39.20
Middle layer of FSB 18.40 2.60 52.60 44.50

NANISNATBUNITIUIAS

IINAITNAFDUNATBINTITOURMIN DU Tuanaeiusan1ssendinvesuuaiisuwasinsluladn

)

D

a

lunamdemdn Megriuvdegnvegeunaumgil 55, 65, 75 wag 85 Barl@alded liegransenuiaUTi

9 Y

wuAfiSeriomn (Total plate count) wuaiiSensauaniin (LAB: Lactic Acid Bacteria) way Enterococcus sp.
Fawanisneassuanslu Table 4 nuinseuiigamgiias 85 ssmwaldea amnsnanUSunanuaiiiesy
Ifuniign wifdawadonissendinvosuuaililonsauanin uag Enterococcus sp. lunenduiiu n1soud
gaumgiiuiunans 65 ssrniwaifua annsainvvinanssendisvesuuadiFeiiduysslonilifni uddomy
UTinunssentinvesuunii3erioundensgeegi 231x10° CFU/ndu (uinusie) wisiadldinatlumaius
Wnduda 10-12 dlue

AN Iviwisluguniiang 9 wudvsuadimanamuakardiniasasdiuuilduiiuiuile

'
a [ ! U = a

gauniiniseugelu lngUSinanhnanaviungagn 699.9 dadnfusiansy Ngamgil 75 esmleaida uazanad

9 Y

a a =

& v PN = ! H Aa @ a X A o = =
LNUDEYN 85 B3AILYALYYE AIUUINIAIAIVNLWUYULTULABINU Iﬂﬂwqmﬁﬂm 85 AL YALYY A llﬁ']éj\?ﬁ;ﬂ‘ﬂ

Y

a

311.8 fadnSusiensu Tumenduiudinalusiuiasanelainsiisduuazgen 89.7 fiadnsusiensu Ngaumgil

q 9 U

v
= =

65 perLgaLTea udanadilogumaiiniseusgetui 85 samwaldua ludiuvestSunueaindaseiiiniuny
guniniseu laggagn 96.9 dadnsusiensu Migumgil 75 ssrngaifea Lazgniniueyyadass (ABTS

scavenging activity) Aifluwalduiiindulnegedn Seeaz 26.17 7 75 esrwaidea neusvananduiosay 21.69
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Table 4 The bacterial counts in fermented soybean samples which dried at different temperatures
compared to the control, using the drop plate technique on NA, MRS agar, and Enterococcus

selective agar

Samples Bacterial quantity (x10% CFU/g dry weight) Drying time (hr)

Total LAB  Enterococcus sp. Total plate count

Before drying 857 700 725

After drying at 85°C 8.85 6.25 2.24 5
After drying at 75°C 37.40 35.54 366 6
After drying at 65°C 573 515 231 12
After drying at 55°C 7.82 118 15.80 12

Table 5 The chemical quality tests of the fermented soybeans after drying at different temperatures.

Drying at temperature Totalsugars  Reducing Degree of Protein Free ABTS
(mg/g dry wt) sugar polymerization  content Phosphate  scavenging

(mg/g dry wt.) (DP) (mg/g dry wt) (mg/g dry wt.) activity (%)

Not drying 4390+886°  132.5+25° 3306 0566615 725209  19.00+0.14°
55 °C 6220424 2935+26% 21+00° 0682+25°  685+1.1%  1580+150°
65 °C 50794541 2765476 2020.1° 089.7436"  938+02°  21.60+1.78
75 °C 6999+195°  287.2+132° 24+00° 0705:04°  969+06° 2617165
85 °C 6989+179° 3118447 2240.1° 67.16:38°  745:26°  2169+0.14°

abcd Different superscript letters within a column indicate significant differences at p<0.05.
39130INANT5IY

nsnageuUsEans A mnsranaUaiueadosn R microsporus UuemnsLaeude PDA fidlaanumun
fineifu nansliiiuinaumnunvetemsiasudednaseUSunualesinanlaet1staeu Tnsanumun vy
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10 (ufLums %mﬁmaﬂaﬂé’mﬂﬁqmwﬁL‘Tlumﬂ‘i’fﬂ%mmmmnﬁymL%yaﬁmn%u Feonalumnzauludiuves

nsUsgndadunudiniunisndnluszauisgnainnssy nsnaaesddlniuisanudAgveanismdiuiu

129



‘ [ J TLUGE ".\
18U IUTEYITINSsERuni Usednl 2567 Fuil 19-20 Sunau 2567 o drinddouazduaSidynsmainens umingrdeusdly I“ RO

I svsvauuazUseansamlunisudnales Fendsinmsdnwiiudnlusesemnisaiuaudadedu 9 wu
- g o o e y ¥
gaunniuazANTY NionateiiiuySinaalasialaglifosiiuysinaemisiiesie
1Y o o = @ dl' & & a N Ay
nmsbanaadeunisudnginiesinasnudymlusesreinisvul ouveudagdunidnlinsu
1o o9 vy o i - & Y dl = Y -:4
wiaean i lvidesinssuiunmegaeune 9 Weann suuleulunssuiummdndumades Sen1sudiumvaes
mensawanfin wansliiudaansznuvasnnududuresnsauaninianisaruaunisyuleuveauunaiisy
& v oree L~ a o9 v v ) A A = £ \ Y a N
wazosNlifitUszasd Fansananfinvilianinuindenvesdamaetinnudunsauinlu dinaliqaunsd
PN 1 1 a % = o gj a 1 6 . 1 [
ldanansanusioan1iznsnasylatias viegndudinisiasyedisauysal (Liu et al, 2019) ag13lsinu
n1sldnsauandnluainududugs 1Wu Sesaz 0.50 (v/v) 813linansenuseldesifesnisdmiunimiin
TAeNUIINITIRTYVDUT DI Rhizopus sp. 13NYEaRNTEANAY LB INANTIENIATINTULALLY (Nout and

Kiers, 2005)

a

wona1nil LileNvzviin1sannisvuleuveateyaunsdlilauiniign laviinismeaeuyseaniam

q

e

nsiegngemeloun wandliiuinsiadunaunuiuieand3unagdunssiiudeuldegaliuszdnsnm
lnen13fian 60 Wil anunsamdndenuniisauazioliegnsanysel egnslsinnu nstsivantesninensny

YeanUsunaadaunsdls wideralinsuudeusglusesunanunsansianuls (Zhou et al, 2016) NMSkEANIWIY
9q Y

o

919sidadinlududunuuaryszansammsldndanu lnsangluseAunsndn Ageaimnssudesanis

AALIATIUNISHANLATAANISITWAIIIUY N15UISEeEaINmuzanlun1silasUsednsSninnisende

& a o w & = o Y] a v oA v a \ Yo =
WuddAny wenannd nsAinesiaineriunsiinausuiiensitmalulagdu o wu n1sl959d UV nienis
9UTRILALAUEN (autoclaving) 913¥wanstaIaIN1slslalaglianUsednsnmnsenie (Liu et al, 2019)

nMsnageuUsyansninnismiinlaegnisiiniitonanvesinslulofnaynsuyluandivies

1% a v & = o saa & a aeav 1y o a
AenIaLandn uandbiiudmwadnsnalunisauaunisuulauvesgdunidilideinis lnaanisuunilise
Bacillus sp. AinslAdanauuaziiionlugunismidn dredudinisasyvesuaiiisenlidonisuaziiunisiasy
Y4931 Rhizopus sp. WAIU (Liu et al, 2019)

nsweuifisuaunImnaiivesdamdessnindudamdesneuniswin uansliiiunisiuasuwdas
YOIA1TDIMTANAYUNUIZNITNAIRINATLUVIUAITANA WUIIMARINNITRINUTIaImasAadLazlUsiy
Hazanwlamutuegnwildediagy deazyioudinisvinuveseuledfiin Yuainnisudn sredevaany

astulawsnuazlusiuludandedimduluanaiidnas dawaliauisagaduaiseisnailadiedu

q

= 1

wonnil nsiiuTuvesneandaseivanddiiiufanisdevaatvaisdiulaguslunquuesnsalifa

v v
va

wazasusznaurleanesa viliauisageduldfddunazldiluuna mdtnulunssuiumsmnagyldfdtu
(Messina, 2016)

Mnunsnaaougugiluniseunisvosdunvdeansin uena1nn1svisanaaud uiasiiia
anuansalumaiuinyvesiamiemiin Suandiifuinnisoufigumniiaediud 85 sswnwadea ausnan
UsnauuaiiGemluldedieiiussansam uinseufigaumgivunais 65 ssmiwaidea shlsisasinissendin

= [

vosuuaizensauaniinasfian Tudulsslenilunisinvinmamalaruinisvesndnsueifidesnisqdunsd

130



‘ [ INTELLIGENT
a Y a o ) ) o ' a A - o v f WELL-BEIN
5’1EN’]‘LIﬂ?iﬂitﬂ{u’é”ﬁ?ﬂ?ii%ﬂ‘u‘lﬂﬂ Uszanl 2567 uil 19-20 Sunan 2567 w. dinidouazduaiudvin1snisinens uniinedowild I“ AGR \';‘ ‘;»('

Afuselovt eg19lsfinn nseuiigampiigeenavilinuantinislavuinisuisedsgadsly 1wy
m'iéhua%aaaiz wazveawindaszilaildsunlasunnin (Zhou et al,, 2016)
Tunsnaaauniaaiinudt dnafinturesuiiuiinanmvuaeiainainianssuvesioules
AdeyaaelnduganladlunsruiumaiinudonnuouanniseuuisiviliAansuasundadulaseaing
vosn1slulense dwmaliiinnisuanudesiimaluanadnuindu deiianafigeduazdreifiugmen
nslaguinisvesiavdeamsinainiu (kwon et al, 2017) damnsiiinturesiniadfadd miuinisouuss
yhliuananslulawsaiidudeugndesaasluduinalmanaiennntu (Lu et al, 2019) lumasssiudiu

N13anasvedAn DP uansliiuinlndusanilsgngesaaslinduluianaiiinasdoniunssuiunisounsi

'
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FarosonsgedudstiefiunnumnuiarsanAvesiundemiin esnlumanaiidnasannsagndesldineg
Fulusruumafiueimns (Messina, 2016) nMaifiud uresUTunalusfufiazangldvsdinnsouusiad ol
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Guidelines for Developing Hemp Products from the Royal Project Foundation

Towards Commercialization
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Noppawan Torruangwattana®, Suphanni Muangma®, Ratchadaporn Linruesee!

Sarita Pinmanee? and Rattaya Yanaphan?
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'Royal Project Foundation, Chiang Mai, Thailand, 50100
2Highland Research and Department Institute (Public Organization), Chiang Mai, Thailand 50200

*Corresponding author: wachiraketpet@hotmail.co.th
Abstract

This research aimed to study the development guidelines of the Royal Project Foundation’s
hemp products for commercialization by analyzing trends and consumer needs to further develop
hemp products for distribution in accordance with customer needs. The study surveyed the behavior
of 200 consumers at the Royal Project 53 event at Central World shopping mall during August 4-14,
2022. The survey results found that most respondents were female, aged 56 years and over,
freelancers/housewives, and had an income of 50,000 Baht or more. They were aware of the
properties of hemp fibers and had used these products before, with a purchase frequency of once
every three months, with the most common distribution channel being stores. The most effective
promotion was a discount. As for the channel for receiving product news, it was the Royal Project Dee
Aroi Facebook page. Further analysis of customer feedback revealed that most customers buy
products directly from the Royal Project stores because they can try them on. Subsequently, products
were developed to bring the research-based products to market and test them for distribution in two
groups: 1) A product group from the contest and fashion show, which included 10 sets. From these,
three sets were selected for further development for distribution: The Charming of Karen, Lue Ngam,

and The Charm of the Mountains and 2) A research group of prototype fabrics from the Royal Project
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Foundation. Three items were selected for further distribution: women’s coats using fabric with
herringbone and checkered patterns. For casual lace-up and slip-on shoes, Hmong loom-woven fabric

from the Mae Sa Mai Royal Project Development Center was used.

Keywords: development, products, hemp, commercialization
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[

et fngusrasdilefinyiuuimisnsiamndn farityvwadslasinimalgibonded
Tnsms@nwunliuaginsgianudomnisvesiuilag ethuamsnuilsuiamundniositywiesen
gn1stminelaennnesiuniufein1svegnal lagn1sd1sianganssu uslaa 9113w 200 Au Tuay
Tasansvans 53 o quénisiduniarian seninadudl 4-14 a.a. we. 2565 nanisaeuauwuingnAdlvg
G 01gsewing 56 ViUl endwdase/uitn el 50,000 vivduly nuiseuaudRvesdulefym
wazaeldudnsosinani Tnefimnuiluniste 3 ifownds iuremssuilasmanadasdanudinniias
waglusluduitaula Ao nnsansian dvfureananissuitnnasdud Ae Facebook lasanisvalsieses
nMstinszianuAnfiuresgnduiiiy wuiidnlnnanddedudlasassniulasinismai desn
annsanaassaaldld funmsimundudiietndndusinldfamunduduiuaznaassdmiiseengnain
2 nqu lauA 1) nduauAIINNIsUTENIALAZIALLUY 10 ¥a wudrausadadendmsusiosangnisiivuie
#dwu 3 9 1#uA The Charming of Karen, 28973 uasiauiusisyua wag 2) ndunasuidefindunuuain
mATeualslasimevans aunsodadendmiusosongnsdneld 3 eg1 A Heonquand Taeldinanefnauan
uara1evnngn dhuseavindrasauusniden uag Slip-on Tihihuneniiwesgudtamnlassnsvanusiarlvsl

£ L3 U

AdAn: NS WEnduI Ay @lanndlud

o

aNd a &1 . ) @ A v Aaa o a I = = ]
U4 UIDINYANENTIN Cannabis sativa L. L‘U‘U‘W%al@ﬂVIlmUﬂ']Lu@aglum?ﬂl@lfﬁﬁmaq\? LLAZLLNINITINY

2°

lusaeidony fuoon woudeld uazglsy Aeinidaudmainuanesududule alns wazowns Tasyndau
asfapsansatunliusslendld duddien Tu wdn Taudwenon Wiendduiivdenuunannsaaen
ooniluduld fidulomdomazufouss wanzdwsuvindedh wissjwin Fon Wonszay auiufuauiou
warlulowanadnlel waadodu Superfood Middnuiianils inszgauendsnu mslulewnsn Tsiu nanezilu
Tyorms nanludulewi 6 uaglowdn 3 Tudndau 3:1 Ailusslomireauam uenanidsanmsathluudssy

Wundnsausionnistanainuaie Tawn TUsausadia 9i58au15 wazuulaun waswsiuadadudnsu

135



‘ [ INTELLIGENT
a Y a o ) ) o W auw ' a A - o v f WELL-BEIN
5’1EN’]‘LIﬂ?iﬂitﬂ{u’é”ﬁ?ﬂ?ii%ﬂ‘u‘lﬂﬂ Uszanl 2567 uil 19-20 Sunan 2567 w. dinidouazduaiudvin1snisinens uniinedowild I“ AGR \';‘ ‘;»('

QNAINNTTUDIMTUALLATEIAD1 druninmasainnisadauisiusalaunsatunaialusiusaz1ddunmras

6 4

Tsiule Tuanunsadhunaneansddaiieldudiuysenevomsuazia3edu 9195dn3 JeTann wnuainu

q

a

fuwninun Mlugeanvnssudeadns wu 83 Sguai AeunIaEEILSY AeunImdmiuAieats 1dsesnendn
nandu naenn uaznfAavedn wiuldsn waziesies Sdamaﬂﬁ’zgmqué’wmiwqwmﬁaaﬂqwémq
Fanmlunquuaunfuses (Cannabinoids) wagtniuvoussmefidussloginisnisunms Wy Canabidol
(CBD) Cannabidiol (CBN) waz Cannabigerol (CBG) tHusu uananifymdaidnsnmlunsilunduandon
Tnsanunsaugnifievdanafivnsfuuazgadulaveninldogaiuszansam fyvedaduivilifouss
AFmaasegia wididuinsdedunden wazilunuwluanegnanyngsy 1wy gaamnssudmeuasundy
9AANMNTTUOWNIUNALIATBIAL graNMNTTUIAT DA LAYAUA M gRamnTIuNITLIME sy (Office of
Industrial Economics Ministry of Industry, 2020; Nanakhon, 2021; Ketpet, 2022; Ketpet et al., 2023)
dmsuanumsninanfyuasfyedlulssmalng wuidaussiadoudquieu we. 2565 A
Usznalngldtimsvandoriyunariuesnandadenanfinuszomi 5 ilinangramnssudamilussime
fifAmsnnavTafisanniu é’fdlé’ﬁmiﬂizLﬁugaﬁmmmmqmmwmiiuﬁ’fym Ay lnen1suszanunisal
fufinismnzdgnludsemalne drageludeusmou ¥ wa. 2565 firiuun nuiUssmalnedfuiimzdgn
Tyyasingyend 7,500 15 fyarnainvetgnaivngsy 531031 28,055 d1uum lngludiuvenduleinyys
eilyani 896 A1UUm UagAman1salinyarinaintuyie 3 Yot annsadulalafeesas 10-15 lagdl

=3

afng9ds 42,800 auum wazasunglaliinunsnsasds 0.8-1.2 saruumselssiel lagdinnsamanisalningi

[t

guavnssuiyy-Tyvilulsemelneszdnmadulaiuduegeeiiiod lnua1ninlul w.e. 2568 azdlyacn
mimmmﬁuqﬁuﬁd 42,851 a1uum (Office of Industrial Economics Ministry of Industry, 2020) LLaz%’fgma
Feadvayuliimuiyys Wuiigasvgialmilueuian (Food Institute, Textile Institute and Small and

Medium Enterprise Development Institute, 2022) agnslsfinuniswanaulifgyeimunlgivasugial

@ v @

muuleuesguialadu ududeadinsifenazimuidyadinsuinsnaonilgguaiiassuy
yafiSlassmavaasldsndunsidesasimundgs delilulumuulevienduau shv uwassesen

AUNTL TN SEVDIAULA ANTTUNLANES AR NIrUTUTNTTUI WU ruinul vans WiewmunAeyasaity

Y

wiswgnavialndndedu lnefiidmungaine@dninduas nmsduasunisnanuaziussualguinnssuuas
wealuladiduiinsredanandon ieliiaanudidu wazsilufusuunisseus nelddulunsidowaziam,

MAgtesiuiguausanleanls 3 nau Ao 1) udsulaiugiyes weldusslevdlusuansaia e1ms

)
[ a o s

waztdule lanugnasandans THC duwasdungidouiugiunsudvinis 9113w 8 Wug (RPF 1-8) 2) 4113

9

Wanmalulagnisuds lawaunszuunsdgn diendaidule (Fiber type) a1sarin (CBD type) wihniuduas

[

3 a = o ) 1 2 o = o =
wanuslaa (Superfood type) Tna@nw1wug szazlan N1ITaNTING SeozNUNEIMALNZEY NITHAIUILATEY

9 U 9
o

apnUieniiieanuseulunisudndule andunsunisuussuiduly uasimunasestuduieluseauguoy
wiolmduledamunin wagdunud uae 3) Muudsiundadueiduwuy laun nqudule ndndueiainis

HANANIEaTFUNIN NERSNIE1TANR LasNARAMNIDY W e AyvNauiulduaesITuYIRDY 9

136



INTELLIGENT
a Y a o v A ) o W auw ' a A - o v ' WELL-BEIN
5’WEN’]‘LIﬂ?iﬂi%ﬂ!ﬂ’m?ﬂ?ii%ﬂﬂ‘lﬂﬂ Uszanl 2567 uil 19-20 Sunan 2567 w. dinidouazduaiudvin1snisinens uniinedowild I“ ‘ ACK \'.‘ ‘.»('

gn1sa e AUMUURINEYdNdT 30 $19M15 Was AL NER S Ty ¥eaIndIusiee vesinyand 60 518013

v an

(Ketpet, 2022) lngianizagUuyaislassnisvaslayaduimundadaidyvingudulenunsesivinsa

9 Y

o v A P a a P & v ) v 3 A ) Y
YBINTTUINIBUTNUTNA esnddnufsitemiunynsnsiuaniyee (Fuun) uazieslesfuauniiy
FRONTIUAIUDITNUBNAIANITNBATANNIDVULEN Lakn ot doud wazdndu (Na19ln) NaunsaasisnuLay
FglAlgNTUUUNUNGLA kagauiIun1IRaIniy (Uaiewn) Ineimuindndasiduiuuainnisesntuy

WeafsassAnazanunsaliusslevilaaseNaenndodiunnnudenisvesiuiiaa AUl JULUUNITIAIUNY

Y |

N1INaR-paInduANYYInaeniialY Anwvideaienisnain (JULUUSIRY) wagnguilnunefimangauiu
woingnansie Neun na1an wavdateu WinnssuiisesdysaudeUssnduiiusssuvesulatiudeya

a ! . ~ U v § Vo <A a P | a a v Y a U A
\3oaan (Story telling) ienanaulvingwaluiinasvgialviiannsaveenadidmndivdliog s was iy

o

1M IALIUNITRIULN nuwaRduYi Ay wdidediinuraUsemsivinlisududesiau ndndue

(% (%

fyyaliaenndaatuaiiudesnisvesgndi laun nisesnwuundndusidiulngiduwuuduiu ldvivady

[

liliduniaulavesausulng ndndudidyalisadmiisasuiiunaiiowsouiisuiuduleviingu

fasssusinardansgy vhliusiutundn susduiifisagnnirldenlunain Auddaunmuandieiuly
Tuusarseunmsndn widulefywailyaruiuduinsfudunndon winansteasligndléniu venand
wanfusidgvadalnmdnvalidsimusssuiidomamengunazliiifuainaivilimnuden sgredria
eliunsnanglunaaiialy uonanniiauinanssufyvesndudosorfoaudorvaganedy diulg
Hutfgeoglumsmuuuiiuiigs shlfaunsondnaudldduauhin Guiu Weutludesiadnanndedudusesd
arandnlanginssunistondnfasityusesgnéyaislasnismans aensdsadeyariluvesngutmmne
nAnsTun3dondadneidee uardadefivilidnavladevesgnd iethurldiduuumislunisitam

HAnAaeiiysadidanairgaely antudsinanmsideluldlunmsiaundn dusiwasnaaeunainaie Felund

v v v (Y]

Iinaawddeaudusuuiygss (Mahachaiwong et al., 2022) ULagyANN1sUsENIALAZIALIUY 3109

¥ '
= Y v

“Baumonssuiufias. dgyrwonwsl” waundudumiuwuy wasvnassainlngdmuieaseainniseaniiu

Y

¥
v A Ao

WeAnwwulduanudululimenisean dnunsideifadingussasdiiodsatiadediuyana nghnssu

& a v cw v a0 ve a & A 9y g 9 a ¢ o aa
ANIVDNARNEUNNEY VI LLﬁzﬂﬁ]ﬁ]EJVWlﬂ%@ﬂﬁﬂﬁ]ﬁzja LW'PﬂsULUULLU']V]'NIUﬂ']iWWU']Nafﬂﬂm%ﬂEUUSUQHa‘UﬁIﬂi\TﬂWiVa’N

duamdivdsialy
A5andun1599Y

nsEsRanuAniuvasuilaaietundndaeiiyvivayaislaseinmans

v v

=

n1933easilidunsifelaenisduniweliBedn (Indepth interview) wagn1sdsiauilae (Survey)
nauusznslumsfinuassil Ae fendndueilasenisvais Falinswdmiudssensiuiueu Jaldnvun
naudaeg1slunsfnwslenisauiarunvengudleds Ingldansnislansiusuinyuseying (nfinite

population) (n=p (1-p)z%e? laedi n = YUINVRINGNUTEYINT p = dndruvasusesng (Mrualudle =0.5)

137



/
FunsUssEivIMssEiUma Usedl 2567 Jufl 19-20 Suneu 2567 . drdideuasdaaiiiinisnisinees ainendeudly I“ W ‘ ‘ ) ’ i

& Ay = o

e = pmuAARAeufisansUlinnguiaeEns (fuunlididn = 0.05) Z = sefuaadoriudidonns (Aszdu
mnuidesiufesay 95 A1 Z = 1.96) Inervuasefumnuidesiu 95% wazanuaainndsulunsidendiois
Jowaz 5 wlingudiegne 91w 199.8 Au %ise 200 au lagldiSn1sidendufiaeg19kuuLR183a (Purposive
sampling) lneidengnénfiuntondnfasiimanssulunulasananas 53 sswiretuil 4-14 Aonau wa. 2565
o audnmsduduniaied lulsuinssanisuaslasansdiunsyesd tu 1 leudaou 2-4 edesdlefllunside
#o uwuuasunuiidnuazfuuunsaaeus1ens (Check list) Tnsuaiovnosnidu 3 meu fe

noufl 1 Jeyartiluresgn ilelfifudeyaaduayumsusangfinssuniste TneUsznauetate

dauyana akd we 018 1A 18la Anudiferiuduledye waznisldndndurianduledyss

naui 2 Teyaineanunginssumsvenandunanduledau ieviusiuanuaulaluussinnvesdua
o ddﬂ a

MNNEAS T dretladefidavinarensidente auilunistedudi Foamanissmine Tusludy

7]
¥

Milnasiensindularevesgnal Mlwsgideya Uiteyanlaiainuuuaauaiuuniiaseiideusualdans
wssauu lngldaiaanug (Frequencies) uazAUINMIASoYaE (Percentage)

G]E]‘H‘Vl 3 Jof WLM‘L«!L‘WML@M IG]EJTJU'E’J@J@’J’]SJF]@LWULWNL@N%aﬂaﬂﬂ”lL‘W@IGU‘U’iuﬂE]Uﬂ’]iLﬁu@LLuWUENﬂ’m

[

NITNEUUINAN U] yiyﬂN"U@ﬂIﬂNﬂ’]’i

nsunanisIUITTunsWRIUINERA U

v [

Tngdnan159nNuUUKAR S uIkazNaUITBNAUA A BIiiILL (Mahachaiwong et al., 2022)

I a

wadefuwuuNandn laaudn 2 nqu Ao 1) nquaNA191NN15UITNIALAIAULUY 91N9U “Raunanssy
Wuige.Ayraveasl” s gnemumvasssngny Jmineddnl Tuieium 22-31 Goney wa. 2565 31U 10 90
2) nguranuAdedusuuiimuduEen nszh sea wazdu q Andenkandnmilaeninnmau

wuly N1599NKUY WagHINnly ANUUVAGEIRERFUAAULUULAENIAEINAIN LBUTHIUHAAINABINTTIN

€

AUSLNAlABIMUNBAIA @09 9 J69E 1) 91U Hemp for all 2) 91ulassmsvans WWedlnd 3) ununsuld

U

90 U \nwns 8113 Uazgua1n 4) auddunssald varnvareTausssy dnanssuiiuiigs uag 5) Imiiei

veRauinanssuuuiuiguas I g useuvoaulat AusFRouaImIAL 2566 - LWWIEY W.A. 2567 INUY

(%

Uulsaiannndaduiiagldtoyarnudaiuveaiuilan Wedfundndasiiyvwesaislasanisnaisluns

USulsainurdndagiainwuuaeuniu loun Jeyaniluvesgnen degaiieriunginssun1stondnsingmain

U

ey uazdefniuiiufnvegnd WsldUsznaumsiaueiugdmunsiaundadusidysavedasinis

wazrvengHanengnsT el euISHARHALAE NGNS MY UAZN B UlATIN TTRONTTY

138



INTELLIGENT
a Y a o v A ) o ' a A - o v ' WELL-BEIN
5’WEN’]‘LIﬂ?iﬂi%ﬂ!ﬂ’m?ﬂ?ii%ﬂﬂ‘lﬂﬂ Uszanl 2567 uil 19-20 Sunan 2567 w. dinidouazduaiudvin1snisinens uniinedowild I“ ‘ ACK \'.‘ ‘.»('

NAN1599¢

[

91INNsEUNwAlNGUAIBENLULABUIN T1UIU 200 318 lanan1s3deudndu 2 Uszihu fed
msdsenuRaiuvesuslnafeiundniudiiyyevasyaiitlasnisweas

nsdrsmuAaiuresiuslaaieaiundadueityyeesyaislasnismass wdalu 3 aeu Al

6 1 £ 1

noudl 1 Tayailuvesgne (Table 1) Wu31aINNITHATIERNGUAIDL1LUUABUNINTIIEY 200 YA

q

(%

aune wudnduwenie 19 519 (evaz 9.5) wazdulngidumangs 1w 181 518 (Sovay 90.5) ueny

q

wuingnAndigieny 56 YAuluanniian 31uiu 82 518 (Sewaz 41.0) sesaslume 93981 46-55 U dueaimn

' [ ]

wugnadulngfiontindase/uddiu uinfiga 102 518 Andudosas 51 waziduninauuisw/dsvnis

Y

98 318 ($evay 49) Ausold nudignArdneldeglutdas 50,000 vmaulY wniign fesay 49 lunei
greseldiiseaundusuiu 2 Waud 92e5ld 18,000 U Fa 25,000 v (Gosaz 18.5) Susu 3 Aetaseld
S¥1IN9 25,000 U D4 35,000 UM kaz 50,000 Un Sewag 15.5 ﬁmmmiﬁmﬁ’mé’ﬂﬂﬁ’mm NWUINGNA
dndlvgnaruannilan S1uau 167 519 evay 83.5 uarling1u S1uau 33 119 fevay 16.5 Funislindndoel

Anywanduledyes nuianedwlvaiaglduinian 126 1o Sevar 63 uarliee 74 578 Jeway 37

Table 1 Customers general information

ltem Frequency (persons) Percentage
Gender
Male 19 9.5
Female 181 90.5
Total 200 100
Age
25 - 35 years old 24 12.0
36 - 45 years old 31 15.5
46 - 55 years old 63 315
56 years old and up 82 41.0
Total 200 100
Occupation
Freelance/housewife 102 51.0
Company Employees/Government Officials 98 49.0
Total 200 100
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Table 1 (Continued)

Item Frequency (persons) Percentage
Monthly Income
18,000 - 25,000 B. 37 18.5
25,001 - 35,000 B. 34 17.0
35,001 - 50,000 B. 31 15.5
50,000 B. onwards 98 49.0
Total 200 100

Knowledge about hemp fiber

Know 167 83.5
Don’t know 33 16.5
Total 200 100

Experience using products from hemp fiber

Ever 126 63.00
Never 74 37.00
Total 200 100

naudl 2 Jeyaneriunginssun1sdendndusianniduledyys (Table 2) 1) Aruauilunisee
Foanalunisde wazlusludunraula nudranudlunisvegegafe 3 weu/lase dA1Segar 31 789090
faudlunisdenlnalfesiu Ao 1 ATYAROU way 2 ASY/ARoU dA1Sapas 27.5 uay 26.0 wagAudlunNIsee
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Table 2 Consumer Buying Behavior of Hemp Products

Item Frequency (persons) Percentage

1. Frequency of purchase

3 month /1 time 62 31.00
1 time/month 55 27.50
2 time/month 52 26.00
2 month/time 22 11.00
Other 9 4.50

Total 200 100

2. Distribution channels

Shop 148 59.20
Online 72 28.80
Other 30 12.00

Total 250 100

3. Interesting promotions

Discount 145 52.16
Promotional products with limited quantities 55 19.78
Gift 52 18.71
Gift voucher/cash back 20 7.19
Other 6 2.16

Total 278 100

Interviewees can select more than one answer.
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Table 3 New Channels of Hemp Products

News channels Frequency (persons) Percentage
Facebook: Royal Project dee Aroi 106 41.73
Website: Royal Project foundation 76 29.92
IG: thairoyalproject 20 7.87
Tiktok: @d. aroi 13 5.12
Other 39 15.35
Total 254 100

Interviewees can select more than one answer.
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Design of Community Piers in Koh Kret to Promote Tourism and Local Lifestyles
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Abstract

This article aimed to study and develop design approaches for community piers in Koh Kret,
Nonthaburi Province, to promote and preserve the community’s way of life. The study employed field
surveys, interviews with local residents, and an investigation of the surrounding ecosystem. The
findings highlight the significant role of riverside areas in both tourism and daily life for local residents.
The community expressed the need for spaces that sustainably connect their way of life with the
river. Interviews revealed a consensus among residents that development should focus on the eastern
side of the island, a primary tourist area with abandoned buildings and local shops in need of
improvement. The proposed design for community piers and riverside platforms includes small-scale
piers and multi-level terraces to harmonize with the riverside environment. The designed piers serve
as multifunctional spaces, adaptable for both daily relaxation on weekdays and for accommodating
tourists on weekends. These areas are designated for community activities, such as riverside markets,
as well as spaces for resting and enjoying the scenery. The design incorporates adaptability to natural
tidal changes, using natural materials and aquatic plants to mitigate shoreline erosion and blend
seamlessly with the ecosystem. This development not only enhances the efficiency and functionality
of the riverside areas but also maintains a balance between tourism development and the

preservation of Koh Kret’s community way of life, ensuring long-term sustainability.

Keywords: Koh Kret, riverside design, community pier, platform, riverfront community
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Figure 1 (Left) Western and central areas of Koh Kret maintain a traditional way of life.

(Right) Physical development is concentrated on the eastern side of Koh Kret.
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Figure 6 Project atmosphere showing the design of multi-level terraces to adapt

to the natural tidal phenomenon.
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Abstract

This article examines the integration of traditional riverside communities with newly developed
urban areas along Khlong Om Non, focusing on the Wat Sri Rat area in Nonthaburi Province. This
region, known for its historical and cultural heritage, faces challenges due to urban expansion and the
emergence of housing estates, which have disrupted the physical and social fabric connecting old and
new communities. Employing a qualitative methodology, this study utilizes site observations, in-depth
interviews with local residents, business owners, and stakeholders, as well as spatial analysis to
develop design strategies aimed at reconnecting these fragmented spaces. The research findings
highlight the necessity of creating shared public spaces that foster social and physical connections
while respecting and integrating the historical identity of the riverside communities into modern urban
development. The proposed design interventions focus on three main areas: 1) revitalizing connections
between the riverside and new communities, 2) developing inclusive public spaces that serve both
old and new community members, and 3) restoring Khlong Om Non as a vibrant hub for community
activities. These strategies are designed to promote collaborative community interaction and ensure

the sustainable coexistence of heritage and contemporary urban life.

Keywords: community connection, revitalization, waterfront community, new community

Khlong Om Non
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Social Innovation Process — Loss is Profit in the COVID-19 Pandemic Situation
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Abstract

This study aimed to explore: 1) the contextual basis and 2) the social innovation process "Loss
is Profit" in the COVID-19 pandemic situation at the Phu Pha Fah Nam community, Chiang Mai province.
The pandemic situation had global impacts and caused the emergence of a major economic recession.
This was a dual crisis between public health and Thailand's economy. Data were collected through in-
depth interviews, observation, and focus group discussions, and their validity was checked by
triangulation.

Findings showed that 1) the contextual basis could be classified into three periods: (1) Asoke,
(2) Buddhist Medicine Foundation, and (3) Phu Pha Fah Nam community, 2) The social innovation
process consisted of four steps: (1) sufficiency economy management, (2) human resource
development, (3) community development, and (4) social innovation driving network "Loss is Profit" in

the COVID-19 pandemic situation.

Keywords: social Innovation, loss is profit, COVID-19 pandemic situation

sufficiency economy management
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