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Morphology and Some Physical Properties of Soil in Areas Presented of Stem and Root Rot

Disease of Cassava in Thailand
unns wugnuafad' Juaun duandann’ urTal 1IVIgIN’ uas yyaTuNs Weudnued’
Napaporn Phankamolsil'”, Jintana Unartngamz, Nawarat Wetvithan' and Nuchjarin Niamjumnong1
Received date: 8 n.4. 65 Revised date: 22 {l.4. 66 Accepted date: 26 3.8 66

DOI: https://doi.org/10.55003/kmaj.2024.08.16.001

UNANYD
1/‘1”1msﬁﬂmé’ﬂwmzﬁ’mgmﬁmmmadﬁuu,asLﬁw’hasmﬁusluﬁuﬁﬁﬁmﬂﬁm‘[imwm‘u'w TAULN waga1AuLLLT V89
udzndludsymdlng WoAnwandimeiidndvoshiuiifudnsaziansluiiuiiinlsasnui Tau wazddu
youfudends sudunisfuiegrmuluiufiiinlsa W%Jaué’wﬁqﬁﬁ’mQﬁmamimm’fa;ﬂaﬁuﬁzﬁmgmﬁumﬂLLmuﬁﬁu
edminvesssmalnevesnsuianiau Anvduguinevesiulnonisyafusisaiiuniziu iudegiud
SERUANMUEN 0-20, 20-40 uay 40-60 LwuAAS ot lUliasz \Hofu AL IR wazan mnNSLn
vosAu HansAnwInud fufliialsadidnuasnsduguinemesiuiinuldie msiduauuds Aufiu menugayse
waznsazauduwmisluduiuans nansinseiautiniaidndnuiniuiiialsaamsafielalufuievenuluauds
fuiloaziBon Gunsroddumiien) Audanuvuwiuswadufivaeg oy Tugauefianmnisiivesiudui
lupuans é?fné’ﬂwmsmdé’mgmﬁwawﬁwﬂuﬁuﬁﬁw‘[mﬁud msduduiy NINUYAUsY wassazavdumiorludy
Auang Lflulﬂmu%’m_gaﬁugmizﬁumﬁu oglsinumuimaAnlsadusaduideninnsdanisiudeautAfiuge
IFuAnsifunulansiuse s induuuiiv AUUILUUES Hudesrielumsssuneivesiu duasuliifelsald
Aanfdgy: audinieidndvesiu s ddudn Sudidena

Abstract

Soil morphological features were investigated, and soil samples were collected in cassava stem and
root rot disease areas in Thailand for elucidating soil physical properties that are specific characteristics of
cassava stem and root rot disease areas. Soil samples were collected in diseased areas with reference to the
geographic coordinates and soil series data from the provincial soil map of Thailand of the Land Development
Department. Soil morphological features were studied by excavating the soil with a soil auger. Soil samples at
depths of 0-20, 20-40, and 40-60 centimeters were collected at the study locations for analyzing the soil texture,
soil bulk density, and hydraulic conductivity. The results of the study showed that soil morphological
characteristics of the study sites, with spreading disease, were of hard layers, shallow soils, mottle, and an
accumulation of clay in the subsoil. The soil physical properties showed that soil texture from spreading areas
of disease ranged from coarse texture to fine texture (sand texture to clay texture). It was clearly shown that
the soil bulk density was very high in the subsoil while the saturated hydraulic conductivity of these soils was
low in the subsoil. The morphological characteristics found in disease incidence areas were based on basic soil
datasets in soil series such as shallow soils, mottle, and accumulation of clay in the subsoil. However, disease

incidence was also due to soil management that resulted in soil properties including the presence of a shallow
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tillage layer, a dense layer, and a high bulk density, which are limitations of soil drainage and further enhance
disease incidence.
Keywords: soil physical properties, root rot, stem rot, cassava
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Figure 1 Coordinates of soil sample collection areas in the area presented root rot, tuber rot, stem rot of
cassava in Thailand
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P11 P12 P13 P14 P15

Figure 2 Soil horizon by auger and morphology of soil areas in the area presented root rot, tuber rot, stem rot
of cassava in Thailand (P01-P15)
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P26 P28 P29

Figure 3 Soil horizon by auger and morphology of soil areas in the area presented root rot, tuber rot, stem rot
of cassava in Thailand (P16-P29)
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Table 1 Physical properties of soil in representative study area

Area no. Soil series? Depth (cm) Texture Bulk density K.t (m/day)
Latitude (g/cm?)
Longitude
P01 Mapbon 0-20 sandy loam 1.53 2.347
12.732900 (Mb) 20-40 sandy clay loam 1.74 0.079
101.135000 40-60 sandy clay 1.65 0.107
P02 Chokchai 0-20 Clay 1.22 5.370
14.478564 (Ci) 20-40 Clay 1.43 0.021
102.481993 40-60 Clay 1.44 0.039
P03 Chokchai 0-20 Clay 1.18 0.343
14.453240 (C) 20-40 Clay 1.42 0.064
102.352980 40-60 Clay 1.19 0.012
PO4 Khao Plong-very thick 0-20 sand 1.48 1.041
14.213663 sand (Kpg-vtks) 20-40 sand 1.52 0.377
99.708388 40-60 loamy sand 1.65 0.005
PO5 Khao Plong-very thick 0-20 sand 1.58 0.834
14.223854 sand (Kpg-vtks) 20-40 sand 1.59 0.644
99.697655 40-60 sand 1.84 0.216
P06 Chan Thuek 0-20 sand 1.34 0.626
13.547880 (Cu) 20-40 loamy sand 1.51 0.278
99.467400 40-60 loamy sand 1.47 0.118
PO7 Tha Yang 0-20 sand 1.39 0.523
13.475469 (Ty) 20-40 sand 1.43 0.119
99.618133 40-60 loamy sand 1.48 0.169
P08 Na Dun-Phon Phisai 0-20 sandy clay loam 1.55 0.038
14.994647 with gray mottle 20-40 sandy clay loam 1.72 0.030
104.970569 (Nad-Pp-gm) 40-60 sandy clay loam 175 0.025
P09 Sri Muang Mai 0-20 silty clay 1.28 4.278
14.790749 (Smi) 20-40 silty clay 1.47 2.026
105.367678 40-60 silty clay 1.42 2.436
P10 Pak Thong Chai 0-20 sandy loam 1.48 2.266
14.706971 (Ptc) 20-40 sandy loam 1.72 0.283

105.370441 40-60 sandy loam 1.52 1.927
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Table 1 (contd.)

141

Area no. Soil series! Depth (cm) Texture Bulk density K., (m/day)
Latitude (g/cm?)
Longitude
P11 Lahan Sai-fine texture 0-20 sandy loam 1.48 3.792
14.585940 (Lah-ft) 20-40 sandy loam 1.62 0.352
105.308894 40-60 sandy loam 1.54 1.725
P12 Khambong-thick sand 0-20 loamy sand 1.69 3.792
14.500562 (Kg-tks) 20-40 loamy sand 1.75 0.124
105.226339 40-60 loamy sand 1.71 0.357
P13 Phon Phisai- gray 0-20 sandy loam 1.45 0.492
14.997714 mottle (Pp-gm) 20-40 sandy loam 1.70 0.325
104.944091 40-60 sandy loam 1.87 0.157
P14 Lahan Sai 0-20 sandy loam 1.56 3.471
16.556454 (Lah) 20-40 sandy loam 1.62 2.258
103.640141 40-60 sandy loam 1.74 1.845
P15 Khambong 0-20 sandy loam 1.55 8.024
16.739327 (Kg) 20-40 sandy loam 1.66 4.217
103.748083 40-60 sandy loam 1.69 3.258
P16 Khao Plong 0-20 loamy sand 1.56 4.528
15.077366 (Kpg) 20-40 loamy sand 1.69 3.587
99.757565 40-60 loamy sand 1.71 2.017
P17 Khao Plong 0-20 loamy sand 1.58 4.650
15.086312 (Kpg) 20-40 loamy sand 1.68 4.102
99.714184 40-60 loamy sand 1.75 1.254
P18 Uthai 0-20 sandy loam 1.53 0.310
15.323691 (Uti) 20-40 sandy loam 1.65 0.765
99.641456 40-60 loamy sand 1.69 1.260
P19 Kamphaeng Phet - 0-20 loamy sand 1.34 0.235
16.687754  Kamphaeng Phet -fine 20-40 loamy sand 1.44 0.147
99.920013  texture (Kp-Kp-ft) 40-60 loamy sand 150 0.134
P20 Mouang Khom 0-20 gravelly clay 1.38 7.280
15.197669 (Mm) 20-40 very gravelly clay 1.90 0.099
100.903927 40-60 - - -
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Table 1 (contd.)

Area no. Soil series’ Depth Texture Bulk density Keat
Latitude (cm) (g/cm?) (m/day)
Longitude
P21 Loei 0-20 sandy clay 1.52 39.516
17.795787 (Lo) 20-40 clay 1.72 2.461
101.677281 40-60 clay loam 1.55 1.303
P22 Chiang Khong 0-20 slightly gravelly sandy clay loam 1.43 5.731
17.777071 (Co) 20-40 slightly gravelly silty clay loam 1.72 5.417
102.220785 40-60 slightly gravelly silty clay loam 1.84 2.755
P23 Wang Nam Khiao 0-20 clay loam 1.60 4.940
17.197654 (WK) 20-40 clay loam 1.67 1.148
102.651229 40-60 - - -
P24 Pang Rai-coarse 0-20 loam 1.79 1.934
13.775616 loamy 20-40 loam 1.88 0.711
102.210678 (Pg-col) 40-60 loam 1.95 0.107
P25 Don Rai 0-20 sandy clay loam 1.79 3.943
13.748391 (On) 20-40 sandy clay loam 1.86 2921
101.413204 40-60 sandy clay loam 1.75 2.044
P26 Don Rai-deep 0-20 sandy loam 1.68 7.476
13.483012 and coarse 20-40 slightly gravelly sandy loam 1.73 3.986
101.548417 loamy 40-60 very gravelly sandy loam
(Dr-d, col) 1.91 2911
P27 Bang Khla 0-20 gravelly sandy clay loam 1.75 30.919
13.666826 (Bka) 20-40 very gravelly sandy clay loam 1.81 10.411
101.389139 40-60 - - -
P28 Bang Khla 0-20 sandy loam 1.77 6.565
13.605540 (Bka) 20-40 sandy loam 1.84 1.438
101.310412 40-60 sandy loam 1.91 4.377
P29 Mapbon 0-20 loamy sand 1.83 0.546
13.078814 (Mb) 20-40 loamy sand 1.91 0.316
101.092032 40-60 slightly gravelly sandy loam 1.95 0.215

Y soil series presented in application LDD on farm Land use planning which online soil map of Land

development Department update in 2018.
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Effect of Parboiling Times and Temperatures Drying of Riceberry on Antioxidant Activity
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auwsfigamgd 50, 60 uay 70 esruvaiua vesimlsfiuesirnoasiueyyadasy lasawiugavineey seuing 15-
16 % WINTFIUUAS HANISANYINUIINATE L¥, @* wag b* 9g58ni19 29.53-32.74, 0.88-1.00 wag 0.14-0.18 Aud sy
Tnewfion unsiswazn1sounisnuda U%mmﬂuaaﬁﬂﬁwmammagjizij 10.00-10.90 mgGAE/g @21 %DPPH
scavenging activity anasae5e1314 69.52-81.80% UazU3unm ferric-reducing antioxidant power anageg 5¥1IN4
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Abstract

The aim of this research was to investigate the effect of parboiling riceberry at 100°C for 10, 20 and 30
minutes and drying at 50, 60 and 70°C on antioxidant activity. The moisture content of parboiled rice was
approximately of 15 - 16% db. The experimental results showed that color L*, a* and b* were in the range of
29.53 - 32.74, 0.88 - 1.00 and 0.14 - 0.18, respectively. The total phenolic content, %DPPH scavenging activity
and ferric reducing antioxidant power (FRAP) of riceberry after process were decreased in the range of 10.00 -
10.90 mgGAE/g, 69.52 - 81.80% and 7.14 - 7.99 mgFeSO,/¢, respectively, when compared to reference rice.
Parboiling for 10 min and drying at 50°C were the most suitable in this study.

Keywords: parboiling, drying, riceberry, antioxidant activity
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Figure 1A-1C Changes in moisture content of riceberry at different parboiling times and drying temperatures
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fiA19g 51319 0.88-1.00 Faliunneaiued a* 10401181984 (0.96-1.01) s dldudrAgyn1vadifiiiseau 0.05 uavend

o

'
a

b* fifeg5en39 0.14-0.17 Faiuuiileiiguiuand a* ¥eat1381984 (0.05-0.06) sgailfuddgmeaiifinsedu 0.05
Wesnsegaiinisiuanusewiianduauls aenndesiunsfinyives Hu et al. (2017) AdnwInavenIsiasie
a1susznounedin nuaratsiueuyadasgludnuasen wudr msunssuiumsileibiediiudy suiewnan

msdsundasdadainduusladududuiniaveseulaalsy (Sirisoontaralak et al,, 2015) Uananidiauisa

'
L A YY)

asu1elain nswdsuwlasduesdiedidnlsdivesienainainnisiasuwlasvesdnuvugiuinvesiandledudaiu

gaungfiasluseninanssuiuniseuwiedufanisnsedulinaduimanuulildieuled@ailugnisiiadnidutu (Dao,
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Table 1 Change in color of riceberry after processing

Color
Drying temperatures  Parboiling times Lo e o

Raw - 32.23+0.01 1.01+0.01 0.05+0.01°
Reference - 32.78+0.01 0.96+0.01 0.06+0.01°
10 min 32.08+0.01 0.95+0.01 0.14+0.01°

50°C 20 min 29.53+5.19 0.94+0.02 0.15+0.01°
30 min 31.65+0.53 0.94+0.02 0.16+0.02°

10 min 31.17+0.32 0.98+0.02 0.14+0.01°

60°C 20 min 31.28+0.45 0.95+0.01 0.17+0.02°
30 min 32.06+0.04 1.00+0.03 0.18+0.05°

10 min 32.74+1.47 0.88+0.01 0.17+0.01°

70°C 20 min 33.03+0.01 0.89+0.01 0.17+0.01°
30 min 32.67+0.01 0.90+0.01 0.14+0.01°

*PDifferent superscripts in column mean that the values are significantly different (p < 0.05), ns = not significant

U3u1au Total Phenolic Content (TPC), DPPH Radical Scavenging Activity wag Ferric-reducing Antioxidant
Power (FRAP)

3110 Table 2 wansUFunas Total Phenolic Content (TPC), DPPH Radical Scavenging Activity Wag Ferric-
reducing Antioxidant Power (FRAP) va4%13bsdluasaiiiiunszuiunsiaasnisounis nuinludiuvesuiuna Total
Phenolic Content (TPC) ffosninilowFouifisutiudidnads (19.02-19.79 mg GAE/g dry weight) aghafitfuddaynis

atansEAu 0.05 willalUTeuiisussesatunisiisuargamgiluniseuwis wuintldunnsnsiuegalitedAgyniada

- 1Y)

sz 0.05 TA0g3EWINe 10.00-10.90 mg GAE/g dry weight TaglndiABaiuns@nuiues LuangIn et al. (2018) 7
AnwUuna TPC ludnlsdueiaivnuasintudnlsduess agUsyaM 9.94 mg GAE/g extract

71 %DPPH Scavenging Activity tosnintuiisafuidieiuseufisuiud1181989 (84.54-85.58%) gl
Toddyn1eadfdisesu 0.05 LLaxLﬁaL‘U’%‘&JULﬁ&JUix&JznaﬂumsﬁqLLazqmmeumiaULLﬁ’d wudﬂﬁmiamﬁaqmmﬁ
50 aeriwaLdea SrovLIa1nn5ila 30 Ui %DPPH Scavenging Activity 9vanatagil 75.68% uarfiniseuusisgamai
70 earwaidua szezaa1n155e 30 WIT %DPPH Scavenging Activity ﬁ]zamaﬁagjﬁ 69.52% FawaneafusEELIaINIS
Tawazgamaiiniseuuisdu o egrdtudifynisadffiszdu 0.05 Insamsamaziiaegsening 69.52-81.80% uay
U3 Ferric-reducing Antioxidant Power (FRAP) Hagniniguifeniuussulisuiud1191994 (9.17-9.22 mgFeSO,/g
dry weight) egnsiieddaynieadffisesu 0.05 LLﬁiLﬁaLU?SULﬁEJ‘Uiz83naﬂumﬁﬁnLLaxqmmﬁiumia‘uLLﬁq wun ld
wananatuegadideddyvnadAfiseu 0.05 A19g 58119 7.14-7.99 mgFeSO,/g Dry Weight %alﬁmmﬂﬂﬁﬁ%m
reduction 89 Fe’* ‘ﬁyaq'si,ugﬂ Fe’*-TPTZ Lﬁégﬂ?ﬁﬁﬁ]mﬁmﬁu Fe’*TPTZ a8 11fin Fe?-TPTZ u1nuand3ndl
ANNaINITatuNsAueyyadastld (Benzie & Strain, 1999) Wil esnmsiuaudeulunszurunisiaarnns
auwisdanaliansiueyyadasvagideaninludng dawalsl Usuia Total Phenolic Content (TPC), DPPH Radical
Scavenging Activity Wag Ferric-reducing Antioxidant Power (FRAP) fiA18n89a1n91791984 %amﬁﬁma'm.ﬁuﬁmi’mq
favanenhld warliadessaasildihedioldsuanudou Jongitt et al, 2017) FsainmsAnwves Leardkamolkam

et al,, (2011) na@rvhdnlsdivesifiasuseneunidgrsiueuyadasy 1wy Ausauazuoulvleeduluuiuiugs Feans
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mananiisenuianseaaeiilisuliognanuiouniaiuuas pH ianat (Hou et al,, 2013) usnanil Nayak et al.
(2011) ldsrsauinisaatedivesansinueuyadaszeaiinainnisneivesarsuseneuduimaniuujizsen Maillard

Mgaungilas

Table 2 Total Phenolic Content (TPC), DPPH Radical Scavenging Activity wag Ferric-reducing Antioxidant Power
(FRAP) of riceberry after processing

Drying Parboiling TPC (mg GAE/ %DPPH scavenging FRAP (mgFeSO, /
temperatures times g dry weight) activity g dry weight)

Raw - 19.02+0.04° 84.54:+0.02° 9.17+0.85°
Reference - 19.79+0.01° 85.58+0.04° 9.22+0.74°
10 min 10.00+0.06" 81.80+0.14° 7.64+0.04°

50°C 20 min 10.81+0.11° 80.19+0.13° 7.23+0.33"
30 min 10.38+0.10° 75.68+0.15° 7.18+0.31°

10 min 10.90+0.08° 79.68+0.21° 7.52+0.11°

60°C 20 min 10.13+0.02° 80.88+0.18" 7.48+0.13
30 min 10.14+0.15° 79.65+0.15° 7.97+0.10°

10 min 10.11+0.09° 76.31+0.15° 7.19£0.17°

70°C 20 min 10.10+0.09° 76.03+0.20° 7.14+0.73
30 min 10.62+0.13° 69.52+0.26° 7.99+0.43°

*PDifferent superscripts mean that the values are significantly different (p < 0.05)
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mﬁﬁﬂmﬁﬁi’mﬂﬁzmﬂ‘Lﬁamaaumﬂ%’mﬂLuﬁmﬁ’mm (hemp seed meal; HSM) lugnsamsdeuszansnn
AIHARN NITABUAUDIRDAINNULATEA LLa‘“amu“ﬂmmﬂuaﬂsauma iﬁjaﬂsmﬁwmau [(Landrace x Large White) x
Duroc] 81¢ 3 dUa19i 9117w 40 63 vminiBud 5.48+0.2 n. wisanseandu 4 nquq ax 10 sm TNUNUAITNARDS
wuuguanysal lawn ﬂqwlmummiwugmwlm HSM (HSMO) uaznguiiléiuonvnanas HSM fiszdu 5, 10 wag 15
% AT (HSM5, HSM10, wag HSM15) HSM fiaaannislaguzleun lufu Tusiu el wazladu 7.95, 32.46,
12.94 wag 1.49% AUEIAU WEWUTIN 3,594 Alaumasi/nn. #an1sld HSM Tuewmsanseyutanudn Usuianisiu
9IM15VBIANINFN HSM10 wasdoTuluduavii 1-2 Andgnsngu HSM15 (P<0.05) lddmdngadia §asinns
WiAvlananAN1TNAaeY mm’jﬂﬂfjuﬁ'u (P<0.05) é’m%’ué’mwmsm?{smmwmﬂuﬁé'mﬁ’ﬂmaqqﬂﬂﬂwummLmﬂﬁm
(P>0.05) 5eMInenguMaaed WasuanzANAIsaTiinaInUFATeeendindunuldanszduveaeulslunarasn
¥93gnAnINgH HSM15 dAranududuvesioulssl superoxide dismutase (SOD) Anfidn wazioulws glutathione
peroxidase (GPx) 1nfidn (P<0.05) gnsnau HSC5 fszdusesluunsifvoatiosiian (P<0.05) elsiunniamsadfiy
an3nga HSM10 wenainddamuingnangy HSM10 danududuresduylulnayduvia M (1gM) wniiga (P<0.05)
Tuvauzdignsngy HSM10 wag HSM15 wuanududuvesduylulnaydusie G (g6) unilan (P<0.05) agulsinsedu
nsld HSM Fiszéu 10% Wwaﬁﬁaﬂuaﬂﬁauma
ArddRy: NNWEAYYI dNTOULIE NIMBUANBIRBANILATER dnuslAuiy

Abstract

This study aimed to examine hemp seed meal (HSM) in the nursery pig diet for productive performance,
stress response, and immune status. Forty castrated [(Landrace x Large White) x Duroc] pigs, 3 weeks of age
with an initial body weight of 5.48+0.2 kg were used in this study. The pigs were divided into four groups with
10 replicates per group. The experiment design was a completely randomized design. The dietary treatments
were the control group fed the basal diet without HSM (HSMO0) and the groups fed diet contained 5, 10 and
15% HSM (HSM5, HSM10 and HSM15), respectively. The results showed that HSM had significant nutritional value
with crude fat, crude protein, crude fiber, and lysine of 7.95, 32.46, 12.94 and 1.49%, respectively. In addition,
it had gross energy of 3,594 kcal/kg. The use of HSM in the nursery pig diet showed that the average daily feed
intake during weeks 1-2 of the pigs in the HSM10 group was better than the HSM15 (p<0.05) group. Additionally,
their bodyweight gain and average daily gain throughout the trial were greater than other groups (P<0.05). There

were no significant differences (P>0.05) in the feed conversion ratio (FCR) between the experimental groups.
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The stress conditions caused by oxidative reactions were observed by the level of enzymes in the plasma of
the pigs. The lowest concentration of superoxide dismutase (SOD) and the highest of glutathione peroxidase
(GPx) (P<0.05) were found in HSM15 group. The HSM5 group had the minimum cortisol hormone levels (P<0.05),
which were not statistically different from the HSM10 group. It was also found that the HSM10 group had the
highest immunoglobulin M (IgM) concentration (P< 0.05), while the pig in groups HSM10 and HSM15 had the
highest immunoglobulins G (IgG) concentrations (P<0.05). In conclusion, the use of HSM at 10% level in the diet
was the most efficiency for nursery pigs.

Keywords: hemp seed cake, nursery pigs, stress response, immune status
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94 Kongkeaw et al. (2022) #ldfinisuszyndldsnigaeiauusiasuluemsgnssu-yu 9aonsedunisiuenis
ansaUiuUsnnnmaisuemaduimin uaranaueiennnsnssseusziuressesluunesivealuidon
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o o

grsmsTanmidaaauUinieeilunguvesarsuauurfuesd (Cannabinoid) a1seengninanandmdueyiusieglu

] @ '

nauwes Inlanauunduses ety mesfiuosd uazraluesd Tnsasngusineg wanil azgndanguvesanseongys
\¥fu Cannabidiol (CBD) waz Tetrahydrocannabinol (THC) Wi vuaveulwsuesnsldlignaesamngmane fyvsdad
Anaawanunsathluldusznevluansemnsdndle wu lugduuuleaimsilaidu (Functional Fiber) (Kongkeaw et al.,
2022; Rocca & Salvo. 2020; Ryz et al., 2017) LLagLﬂui’mqﬁummﬂuﬂdmLmddwé’wuﬁﬂﬂiﬁu REREAPRE nnda
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Trafuiuansiinmuediilauauuundussdidnluduasuianssuvesszuuioulauauundusss (Endocannabinoid
System; ECS) lddinnssnansszuviludninaaomuiianinsn vsnmiennisuan funisdniay asdiueyuadase
nszfundAuiu Ufudgessdueudilaiin uazarununsueundy (Rocca & Salvo. 2020) udilossnens@nwiansly
Tnuauundussdreseiuniduiuludniimsugiadedidosun ddu nunnaesifsdinninanaesldannisadniu
wanfgyaguuuvaiauiy HunszUIun1sUAsuLamnenen mueniUdeniuda (Hemp Seed Shell, HSC) W&t
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wigANUseeendndy seausesluunesigen wasseiunliduiuluanseuuia

N1sAnEN
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(Thailand’s Native Strains) 6'?5&Lﬁuwa‘waasﬂ,éfﬁnﬂmiaﬁ’mfﬂﬁ’uﬁ’zymimaﬂsiuiﬁmsaﬁ’mﬁu Ynualiazidendenios
unanulng %o Wezperfect, China WiaiUasuutandanisnn lngnisuasounsnldioan 1 urit wdahanseuniu
pEuN3IvUIn 3 fadns ieuendiu HSC vilanenueen uashandirusznsedduualiazidensnadldnan 12 uii
UAIUINITOUNIUAZLATIVUIA 2 TadLuAT LLaz{jum’imfjnquymmmumL.msqu,sm 1 ﬁaﬁLumiﬂ%qqmﬁﬂa N3ZUIUNIT
Fanaausawendiuiidu HSC viinazidon wazlddu HSM Fearunsadunaladndoloanasnda 6.16 dau
aslulawnsmanasndn 4.81 d@w uay WU (Gross Enerey; GE) anaindn 205 gy dwdudadiuvedusiuiiady
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Table 1 Comparison of chemical, phytonutrient composition and antioxidant efficiency in crude hemp seed

cake and hemp seed meal

Units (%W/W)

ltem Crude hemp seed Hemp Seed Meal diff
cake (CHSCQ) (HSM)
Chemical composition®
Ash (%) 5.20 7.21 2.01
Carbohydrate (%) 49.87 45.06 -4.81
Crude Fiber (%) 18.17 12.01 -6.16
Crude Protein (%) 30.40 32.46 2.06
Crude Fat (%) 6.84 7.95 1.11
Moisture (%) 7.69 7.32 -0.37
Gross Energy (kcal/kg) 3,799 3,594 -205.00
Phytonutrient composition?
Cannabidiolic acid (CBDA) 0.005 0.115 0.11
Cannabidiol (CBD) 0.005 0.037 0.03
Cannabinoid (CBN) 0.002 0.005 0.001
Tetrahydrocannabinolic acid (THCA) 0.001 0.011 0.01
Tetrahydrocannabinol (THC) 0.001 0.026 0.03
Antioxidant efficiency (mg GAE/g DW)?
Total Phenolic Content (TPC) 14.92 32.31 17.39
Antioxidant potential capacity (APC) 10.97 21.28 10.31
DPPH reaction (ADA-DPPH) (%) 39.28 41.98 2.70

Note: 'Central Laboratory (Thailand) Co., Ltd

“Cannabis Extraction and Analysis Laboratory at Cannabis LAB Laboratory for Motional Cannabis Research, Faculty of Arts

and Sciences, Kasetsart University Kamphaeng Saen Campus

*Animal Feed Physical Laboratory, Natural Resources and Environment, Naresuan University

Table 2 Fatty acid, amino acids and mineral composition of hemp seed meal used in the experiment

Composition Unit
Fatty acid composition

Palmitic acid (C16:0) 1.03
Stearic acid (C18:0) 0.40
Arachidic acid (C20:0) 0.11
Behenic acid (C22:0) 0.05
Saturated fatty acid 1.61
Palmitoleic acid (C16:1n7) 0.01
Cis-9-Oleic acid (C18:1n9¢) 1.50
Monounsaturated fatty acid 1.54
Cis99,12-Linoleic acid (C18:2n6) 5.30
Gamma-Linolenic acid (C118:3n6) 0.06
Alpha-Linolenic acid (C18:3n3) 1.35
Cis-11,14-Eicosadienoic acid (C20:2) 0.01
Cis-5,8,11,14,17-Eicosapentaenoic acid (C20:5n3) 0.03
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Composition Unit
Polyunsaturated fatty acid 6.77
Unsaturated fatty acid 8.31
Omega 3 (mg/100¢g) 1382.57
Omega 6 (mg/100¢g) 5372.41
Omega 9 (mg/100¢) 1516.62
Amino acid profile (mg/100g)

Alanine 1759.87
Arginine 4685.97
Aspartic acid 4057.87
Cystine 543.58
Glutamic acid 7153.83
Glycine 1711.70
Histidine 1211.90
Isoleucine 1507.60
Leucine 2651.77
Lysine 1494.46
Methionine 725.95
Phenylalanine 1861.59
Proline 1393.08
Serine 2102.04
Threonine 1436.67
Tryptophan 456.41
Tyrosine 1243.80
Valine 2010.61
Minerals (mg/kg)

Calcium (Ca) 2968
Copper (Cu) 20.89
Iron (Fe) 56.96
Magnesium (Mg) 10,330
Phosphorus (P) 22,825
Potassium (K) 17,080
Selenium (Se) 0.78
Sodium (Na) 49.9
Zinc (Zn) 117

Note: 'Central Laboratory (Thailand) Co., Ltd

BHUNITNABDILAZDINITNAADY

TNUKHUNTNAGDILUUFNENYTA! (completely randomized design; CRD) Anwin1sld HSM Tuamsansviegn
uneAmau [(Landrace x Large White) x Duroc] 9113 40 63 81y 21- 63 Ju i 5.48+0.2 Alan3y Lﬁquﬂﬂ.u
mieiTelnrurmanignseyuia anzinuRsmani= wninetdousms lulsadeussuulaifiniseuguaamgiissning
28-30 asAnsaiua duansoaniiu 4 ngua ag 10 919 az 1§ 14 HSM Usznevlugmsemsiiszdu 0, 5, 10 uay 15
wWasidus (HSMO, HSM5, HSM10 uag HSM15) anudau deuandlunisisdndiuingivlugaseims lnenisandndiu

YDINNAUEDI wazs1aziden iienaunueag HSM Tugnsemns (Table 3) Mallgnsvndaldsuemsnivunalavue
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LivosninAuseIns vesansszazayuia (NRC, 2012) pwnsillunisnunaznanuazldnaansniely 7 Suwiiy
Tagemsazsunsnantazsadaildunnsguanmieujifinsuanevnsdand aandideuariineusufenuun ans
NEAIAENTT WIne1dewsms tneldoaumgiilunisdadalugae 70-75 °C NmmmmﬁqLﬁaammm%uaaﬂmﬂmmﬁ
dnwdinrnegamgi 100-105 °C WWuszeziian 1-2 widl

nstudindayauaznisiiudaegig

ﬁ’uﬁﬂ%’a;ﬂaﬁmﬁfﬂﬁaqm warUsumemsfinufiefuamusgansamnisudn ldun snsnsasaiula
\desotu Usnmemsiinudety uasUseansannisidos Juiindeyaninusuusionisviends tneilinaeinislv
AvuL Ao 55U 0 ganspudeund sedu 1 ganssRudatufou s 2 gansuduiudegaaiszuds uazsed 3
Egﬁmizmmlﬁuﬁw (Haruthai et al., 2018) ?fnﬂxLLuuqﬁ]ﬁmzLLaxqu’am‘aaﬂﬁaqiaqL.wiasﬂa;ngﬂﬂ"mammugmﬁqﬁu

NATINVDIASLULDINTVIDITN

asuuugaasy (DI) = —
Funutunnass

uuansnienisviendevesusiavngy X Juvends X 100

DI (%) =

(ansvimualungu X Sruauiuneaer)

LﬁaéuqmﬂWiwwaadiufuﬁ 42 ¥eanInaasd Wumegsdengnsnndsluanzdnildonsmis lnenisiane
\donusianne (Jugular Veins) Tneldiduvuin 18 x 1 (0.9 x 25 mm) fagnasniatzidonawuudyyinie 19b3lu
puvnivoudieliideaudei wazuondu (Clot) wiadendniiusn Tinszidnuazuazuimmedadonlneian
nsravuRudladuardeanelindesqanssad ndntuideaunsdiuinduiomaududureafinden uwiaden
dauiiaes Jutenaniziesy trluTiasiesiniarnadudures Superoxide dismutase (SOD) wag Glutathione
peroxidase (GPx) I SI%QWGISUQaaUﬁWL%EU Superoxide Dismutase Activity Assay Kit , Glutathione Peroxidase
Assay Kit $7835 Colorimetric fiaueTauuas 300 uag 450 uilumng AUERU fer3as Multi-mode Microplate
Readers (Synergy H1 Biotex) TnUSunagasluunasigeaainiegiudeonlagly Accu Bind ELISA Microwell Aag38v04
Bushong et al. (2000) wag #81A383 micro plate enzyme immunoassay wUndenduiianduenaniziedy iy
AremUTInaduyTulnayau (G IgA uaw IgM) Tngldmdnnnsves Immunonephelometric feia3os Atellica ns35
984 (Zheng et al,, 2019)

nsessideyanieana
Ans18Tayalagn1smaIANLUIUTINTINLATT Analysis of Variance (ANOVA) uaztuTeuiiisuainy
wana1vedAedelagdd Duncan’s New Multiple Range Test (Steel and Torrie, 1980) Ingldlusunsudnsagy SPSS

version 28
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Table 3 Composition of the experimental diets (as fed basis)

Dietary treatment
Ingredients (%)

HSMO HSM5 HSM10 HSM15
Broken rice 30.00 30.00 30.00 30.00
Grounded corn 19.35 19.20 19.30 19.45
Skim milk powder 5.00 5.00 5.00 5.00
Soybean meal 34.20 31.50 28.50 25.50
Rice bran 6.00 4.00 2.00 0.00
Hemp seed cake 0.00 5.00 10.00 15.00
Soybean oil 2.20 0.15 0.20 0.25
Lysine 0.10 0.15 0.20 0.25
DL-Methionine 0.25 0.25 0.30 0.30
Dicalcium Phosphate 1.60 1.60 1.60 1.60
CaCO, 0.50 0.50 0.50 0.50
NaCl 0.35 0.35 0.35 0.35
Vitamin-mineral premix 0.25 0.25 0.25 0.25
Anti-mycotoxin 0.10 0.10 0.10 0.10
Pellet Binder 0.10 0.10 0.10 0.10
Calculated chemical composition (%)"
Crude protein 22.03 22.13 22.13 22.12
Ether extract 4.63 4.51 4.40 4.29
Crude fiber 3.43 3.62 3.81 3.99
Metabolizable energy (kcal/kg) 3,401 3,408 3,412 3,419
Antioxidant efficiency (mg GAE/g DW)’
Total phenolic content (TPC) 17.83 20.79 22.36 22.97
Antioxidant potential capacity (APC) 8.90 10.85 12.47 13.12
DPPH reaction (ADA-DPPH) (%) 15.17 18.19 21.03 21.56

Note:  'Central Laboratory (Thailand) Co., Ltd

?Animal Feed Physical Laboratory, Natural Resources and Environment, Naresuan University

Naﬂ']'i‘lllﬂaﬂ\ulagﬁaf\]"liﬂj
UseinSnmnsudngnseyuia
a1nn15AnwIn1s1E HSM 1 CHSC WIHIUNTEVIUNTUTUUT N80 andrudsznavveadaluas u
Usznaulugnsemnsanseyuialuseaunisly 0, 5, 10 wag 15 % ALEIAU HAN1TANYINUIT @nsnEs HSM5 dleld
HSM 5 % Tuemslddwasenisiuld nsiiathminga N13433gYLAularesgnIouuIa Feaonndaatunisinwives
Madsen et al. (2022) ield HsM qummmiqﬂﬁ;uﬁisé’u 4% wiannmsAnuinuingdeld HSM 10 % luewns

o o w

(g3 HSM10) SnavilvimindgnsiiuduideSeuiisuiungd HSMO wag HSM5 egneidudAnynisada (P<0.05)
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LLaga]'mm‘aﬁﬂmﬁé’qwuﬁﬂdwqﬂiﬂfju HSM10 fUinaensiinuldindeseuluduaiid 1-2 UINNIEANINGN HSM15 i
Wusgaunsly HSM quﬂuﬂ’liﬁﬂ‘lﬁ’]ﬁ i’JiJfl,;QZ‘]Iﬂ‘iﬂfjiJ HSM10 figmsnisiasdulagefianlutisaosduniusn uazgs
flannaennismaass 6 dUnnsi (P<0.05) uslileld HSM 15% lusmsndudsnaliignsiuovnsanaslusag 2 dUansiusn
viliinadusnsnisieigvle Weiisuiugnangs HSM10 (P<0.05) Fsenaidululsinnsld HsM Adsnaiidauves
LﬂﬁaﬂLuﬁmwauaijlﬁﬂ‘ﬁﬁﬁzﬁu 15% a'ﬁmam'aiasmasumawmﬁqﬁﬂﬁmiﬁummwmqﬂsamméﬁd%é’qLﬂ@lﬁmﬂqm
ownafleld HM 15% U3unand eloneuvesgnsonmsazgafis 3.99 % Feaenndaaiusneeuves Jaimasi et al
(2022) AFmndnfgvamey (CHSO) 5 % luansszezidnyilremnsiibelevetu 4.34 % viilvinisiueimsvesansdl
waltiuanas uilunsnviiindsannnaaesdedunil 3-4 waz 5-6 anIngqu HSM15 Aanunsauiudale Auemsle
WiduauvinlradeveUsinaemsiinuldiede 6 Fanvilsiunnssfiunnngunismaass wazsasnisaiyiiulande
6 dUailaisnennga HSM10 (P>0.05) drugnsna HSM5 wagngs HSMO Sunliuiiuiinaemsifulsiadeseulu
FUaviil 12 Indidgaiungy HSM10 (P>0.05) dmsusnnsiasuormsidudmingaliuansnaneada (P>0.05)

F¥MINNGUNAGLY (Table 4)

Table 4 The effect of dietary hemp seed meal on growth performance of nursery pigs

Dietary treatment

ftem HSMO HSM5 HSM10 HSM15 >EM Prvalue
Initial weight (kg) 5.44 5.49 5.42 5.57 0.04 0.66
Weight gain (kg) 14.44° 14.32° 15.98° 15.21% 0.19 0.00
Final weight (kg) 19.88° 19.81° 21.40° 20.78% 0.20 0.00
Average daily feed intake; ADFI (g/d)
Week 1-2 35350  352.19% 407.39° 334.09° 10.19 0.05
Week 3-4 550.37 512.54 572.81 536.30 13.49 0.47
Week 5-6 679.53 726.86 747.98 754.89 16.10 0.35
Week 1-6 527.80 530.53 576.06 541.76 9.05 0.21
Average daily gain; ADG (g/d)
Week 1-2 200.51° 213.77° 247.96° 206.12° 5.02 0.00
Week 3-4 376.53™  347.45° 412.25° 406.63" 8.78 0.02
Week 5-6 454.08 461.73 481.12 473.47 4.89 0.21
Week 1-6 343.70° 340.99° 380.44° 362.07%° 4.50 0.00
Feed conversion ratio; FCR (G/F)
Week 1-2 1.76 1.65 1.65 1.63 0.03 0.43
Week 3-4 1.46 1.47 1.40 1.32 0.03 0.15
Week 5-6 1.50 1.57 1.55 1.59 0.03 0.66
Week 1-6 1.54 1.55 151 1.49 0.03 0.81
Diarrhea incidence (%) 7.10 5.00 7.50 6.90 0.76 0.67

2P Different superscripts in the same row indicate significant differences (P<0.05) among treatment groups.

douziiduiy uazn1INaUALLIRBANLATEAYRIGENTIYLIA

Y 9 9
o [y =

dwsumsnnanuzgiduiuluidenvesgnseyuiaiildu HSM anmsasvaeumutuduvesduylulnay
AU (IgM 1G waz 1gA) wuInansnaudlasu HSM 10% dsnavili 1gM Tuidengandn nga HSMO, HSMS wag HSM15
(P<0.05) d1msuansnas HSM10 wag HSM15 wuindseau 1gG luidengandnansngy HSMO @yugnsngy HSM5 &
wulilndiAsiunga HSM10 wag HSM15 (P<0.05) Hansfnwifsnaningumanasesdaluanzdenfufunades
#18350UNT3EUIBINTALUY Evaporative Cooling Pad System flasnadasiunsidsndsgnainnssuluiagiu g
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domAdpatuNTIANY19BY Vodolazs & Lauridsen (2020) fisneaniliignansifuusanusiansiildsuindumdndnydu
sEAU 5% fanududureduylulnayduuinniinguauauegdiduddgvieada (P<0.001) eradunauainuigns
Igsuemsiifnsalutuilalaidus (Polyunsaturated fatty acid; PUFA) Tuusuaiiunnnediazdmaliaududuves
waddndonuns wardunlaadaludsuudsuulaadeSeoufisuiuemsia PUFA s aenndasiunisiady n-3 PUFA
TuewnsansgamasnrguugIsduasun1sn1sasaivle anannizesen anenviends uaznseAugiAuiule (Li
et al,, 2014; Zhang et al,, 2020) @ wsunsld HSM Tuermsdnd Lﬂuﬂwszjmi’ﬂﬁmsaaﬂqwéww%aLﬂﬁﬂh&lﬁ'ua%
LazUfuannaanzauAIeaiiiinanyjAsereondiadu deannunaassuinsziuveaeulesl Superoxide
Dismutase (SOD) lumwatasnvesgnansnas HSM10 wag HSM15 f5gdu SOD Andnngs HSMO waz HSM5 (P<0.05)
LansIgnsAiAueIMmsAid HsM udiuuszney sxdsannistiaiauveseuludlunisdestunisiinesndlad
(antioxidative enzyme) tileluvihwtiilissufAsendadiamdu (Dismutation Reaction) reaneyyadastitinainnis
wRaynelugad dungu HSM15 S'ﬁnLﬁuizﬁumﬂ%qqqmﬁgudwaﬁﬂﬁmul%ﬂ Glutathione Peroxidase (GPx) il
Anudutugagailoiusuifisuiungudu (P<0.05) F991nea1u GPx ludsuvesansvaeny 42-63 Ju axillaunines
dmdumaisafizenveaeules Alunseduujizeddndudelalasoseenludlasazeyluguiidngminleu wdazld
a'ﬁ‘fwL*ﬁumﬁmﬁm%qmﬁﬂEJsumﬂﬁﬁ%ﬂﬂumimmmmwﬂﬂasuaaLﬁvaé (Stukelj et al., 2013; Vaskova et al., 2012; Xu
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Table 5 The effect of dietary hemp seed meal on immunological function, oxidative stress derivatives and

hematological changes in nursery pigs

Dietary treatment

ltem SEM P-value
HSMO HSM5 HSM10 HSM15

Immunoglobulin (mg/dL)
IgM 41.43° 42.18° 55.15° 40.37° 1.95 0.01
IgG 227.50° 24780  268.40° 267.50° 5.39 0.01
IgA <25.00 <25.00 <25.00 <25.00 0.00 -
Oxidative stress
Superoxide Dismutase (U/ml) 121.12% 125.32° 79.98> 73.37° 7.94 0.02
Glutathione peroxidase (U/ml) 620.74° 643.50° 651.92° 764.20°  17.88 0.01
Cortisol hormone (Serum) (ug/dL) 5.20° 2.32° 3,53 3.98% 0.31 0.00
Total blood cell
Red blood cell (x10%/cu.mm) 6.99 7.08 7.15 6.82 0.09 0.59
Hemoglobin (g/dL) 11.72 11.62 10.84 11.04 0.19 0.28
Platelet count (x10%/cu.mm) 38.68 36.44 37.85 38.04 1.40 0.96
White blood cell (x10%/cu.mm) 14.20 14.97 14.80 15.97 0.40 0.50
Hematocrit (%) 36.60 34.50 34.60 33.20 0.53 0.17
Neutrophil (%) 31.00 35.57 39.33 34.17 1.52 0.31
Lymphocyte (%) 62.33 62.67 61.38 67.00 1.54 0.64
Monocyte (%) 4.20 3.83 4.50 4.50 0.24 0.74
Eosinophil (%) 2.20 2.50 3.33 2.43 0.23 0.36

2 Different superscripts in the same row indicate significant differences (P< 0.05) among treatment groups
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Abstract

The objective of this research was to compare the quality of different aged rice seed after priming. The
rice seeds were deteriorated by accelerated aging method at 44 °C and relative humidity 100%, in different
periods for 0 (without accelerated aging), 1, 2, 3, and 4 days. Then, the germination of rice seeds of different
ages were induced by soaking in 30% of PEG 6000 solution at room temperature for 24 hours. After that, the
rice seeds were dried in a hot air oven at 35 °C for 10 hours until the moisture content was close to the initial
moisture. Finally, these treated rice seeds were examined for the seed quality of various characteristics such as
seed germination rate (planted in the laboratory and field conditions), germination index, speed of germination,
and electrical conductivity of solution used for soaking seeds. The results showed that the electrical conductivity
of all different aged seeds decreased after priming. For the field of germination and germination uniformity, it
was found that the seeds with different rates of deterioration showed different responses to the priming. Aged
seeds with germination rates of 12 and 33 percent germination were able to induce germination rate by 27 and
48 percent, respectively, while aged seeds with higher deterioration rate had a decreased response.

Keywords: seed deterioration, seed enhancement, seed priming, rice seeds
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%’nﬁﬁmﬁL?iau@mmwLLmﬂGmﬁuGialU

ABN1sAnEN
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aonuzd 105 Ghunsiiusnwlulsufvdaiuganimanmgivieauwds 2 wew) nssudfas 60 nsu uldnzunsensly
ﬂa'mwmaﬁﬂﬁﬁizﬁuﬁwgqﬁwmﬂﬁ’umzLmﬁdﬂizmm 2 lwuRns Uarnaosud@asemilaliainiiefuanudueen
LLé’aﬁﬂUL%éﬁmU@mqmmﬁ 44 perwafoa frududuing 100 Wesdud Wunan 0, 1, 2, 3 uay 4 Yu auddy
ImaLuﬁmﬁuﬁ:ﬁiﬂmumﬁLﬁamqLﬂﬁ%ﬂﬁmmu (saonefunan 0 Ju) dlonsuszezaniidviun ﬁwmﬁmﬁuiﬁmuﬂﬁ
Li'dmunLLGia35883Laa1‘1‘7{ﬂ°wmmmammm%ﬂﬁuﬁﬂﬂé’ﬁ&Nﬁ’mzﬁumm%ulﬁudaumsﬁ'qu (11 Wosidud) lnunns
oulugfimuauaumadl 35 ssrnwaldea Wunan 3 1w
nsnszdunisseniudaiuginafifinsidennmuniwuandneiu
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ﬂ’uﬁ:ﬁlﬂmuuasr:hum'il,ﬁ'dm&;lﬂul,’gm 1,2, 3 uaz 4 Ju ns3uidas 30 n¥u wualuansazans PEG 6000 filnsoniy
8n91 2,500 fiadans sowdaiug 1 Alandu urfigamniives (Usvana 30 sswniwaiva) Wunan 24 $lus wdsanidu
‘Ll"lLuﬁmﬁ’uq‘ﬁthumnvdiﬂé’wé’amfwLﬂéwimamuﬁwlua Wunan 2 uil dulvivuna LLﬁaﬁwlﬂauﬁqmmqﬁ 35 891
warda 1WHuan 10 Falus (Luﬁmﬁuﬁ:ﬁiﬁqumnu&imwfamzﬁm'ﬁL?famzumwLﬂuﬂﬁsuﬁi‘%mw&]u) mmfuﬁ'wm
nssuiBumsRaeuaun e sAmusludnuazneg oin annusenveamdnriugiimzlures fuansuasluanm
wUasugn drfiniseen anusalunissenveuudaiug wagamsilniveshiugidn
n1sUuiindeya
Anusenvasmanugiwilusn e sufianns

Wnudaiugdivnnenuzd 105 1/!ﬂﬂﬁﬁ%mmaaummaaﬂmmLuﬁmﬁ’uﬁ:ﬁwaﬂuamwﬁadﬂﬁﬁams 1ne35
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= o

A15959TUNGINITINNE tnensIatiuAsawsn (first count) 71 5 U LLazﬁUﬂ%’aqmﬁw (final count) 1 14 34 Y89N1LWZ

o & °

(International Seed Testing Association, 2019) 9 nuusIeuNaduUesIFufANNIENYB INEAR UG AUAATAIUIN
ANIIDNVDIUAATUG (1)
< o ed
aasanvasuaanunmizluan wulasgn
Unudniugdnunnenuzd 105 ynnssuisumegeunnusenveudaiugimizluanimudaign lneiwgly
wUasniinsngazden (R1UN1aUALTR) NLANNLTU YIIN15NAERY 4 91 1y 50 LWwan satdmniu vinsesiatuadausn
(first count) 71 5 Tu nUuTUNNTUIURINITTUATIAATIE (final count) 7 14 Fu ¥8IN19INTE (Intemnational Seed

Testing Association, 2019) wdseuduesidusanuienvesuiniugnIugnsFuInAILENUBINaATLS (1)

L. Fwnuaansanidudunannd
AIDNVDINAANUG (%) = x100 —

° = 4
FIRINLNURATNLANNL

Avlin1seonvasuanug

AsvdeURiinIsIenTeuNAAUg Iﬂaﬁﬁayjaﬁiﬁmﬂmﬁﬁuﬁﬂwamidaﬂmmmﬁm ANNITNAFDUAINIBNVBY
Luﬁmﬁuﬂuamwﬁawﬁﬂ’ami (International Seed Testing Association, 2019) Lastuiinsuiusuiituadasnuazada
gnvine wAwaaiinisenveaudaiunugasiviinnsenveaudniug (2)

o wnawnaNenUndluuaazinnaaTy
AYTUNITION = HATINVDY x100 —©

FUIWIUNATIINY

AMuTIluNNSIINUBINAANLS

AsrvdouAMILTIluNITeNUBRNEATLS T,fﬂaﬁﬁagaﬁlﬁmﬂmﬁﬁuﬁﬂmamiaaﬂmmLmﬁm AUITVAdBUAINY
sonvosudaiugluanmidasugn (Intemational Seed Testing Association, 2019) uagtufinduauiufituasausn
ﬁ]uﬁﬁﬂ%’jﬁﬁjﬂﬁ’]ﬂ wmwnenusIlunsenesudaiudmugnsauslunsenvesudaiug (3)

< v o FwInaunaNIenUnd sz I unasIa
AMIL5lUNITeN (AL/ ) = NATINVDY x 100 ———(3)
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nsessideyanieata

TNLHUNITNAABILUU Completely Randomized Design (CRD) 5 ng5135 911U 4 Sﬁg'l APTIzAULUTUTIU
V9@ Analysis of Variance (ANOVA) uagiSeurfisuAiadelngds Duncan’s New Multiple Range Test (DMRT) I
Tilusunsudiasenid a3y Statistic Analysis System (SAS)

HaN1AnYILezIRTTal
9nmsnaaedliviinisdiasinisidenaaunwvesudaiugsieiinisiina e liudaiuginisiden
AMNNLANGASTL (0, 1, 2, 3 uag 4 $u) udRTIRABUNIBUALBIRBNINTEAUNTIBNYBIANTUSTITIN S AR LRI M
fisvausneg Inensefumasendas PEG 6000 winsiadeunmawneassinewesudniug v 5 dnvue i e

sonvetudaiugmmgluaniniesujufnisuazluaninudasign dalinissen arusaluniseenveaudaiiug uaze

o

nsthlwihveaiudwdn ludiuresmnusenvesudaiugimizluanwiesufURn1s wudimnusenvesudanug

q

o

s

NouNTEAUNITIBNTANNLANASTUN AR ImaLuﬁmﬁuiﬁlﬂﬁwmmimmqﬁmwmaﬂqdﬁqmmﬁu 87.00 Wasidud
LLaasLuﬁmﬂ’uiﬁmumuiqmql,f’lunm 1,2, 3, uag 41U 4A1N198NANAIAINTEEELIAINISITIBIELINATU 58.00, 7.00,
12.50 uaz 0.50 Wasidus audiu uaznuIauIenTeuaaRugndInsERuNsseniiauLana i uEdf Tae
Luﬁmﬁuéﬁiﬂﬁwmmﬂiamsgﬁmwmaﬂqqﬁqmwhﬁu 80 Wasidus 5098911 Ae Luémﬁ’uﬁ:ﬁmumﬁLi'nm&gl.ﬂunm 1
wae 2 Ju danusaniniu 40 wag 27.50 Wosidus muaauy LLasLuﬁmﬂ’u'ﬁ:ﬁﬁmwmaﬂﬁwﬁqm fio Luﬁmﬁ’uﬁ:‘ﬁﬂmmi
weongiduagn 3 uay 4 Ju Fslddanuuananesiunieadd danusen 6.00 waz 1.00 1Wesidus aiudau e
LU%EJULﬁ&Jum‘imﬁ&JuLLUaariaul,l,awé’mﬁsﬁuﬂ'maﬂ WmfwLuﬁmﬁ’uiﬁmumiLﬁ'qmqlﬂunm 2 Yy flanueenveaudn
fugifinduds 15 Wosiusd lurnsfudaiugilibinumadoguasiiuninssengduna 1 3u fanuenanasds 7
wag 18 Wosidud audnu (Table 1) LﬁadmﬂL:uﬁmﬁuﬁ:ﬁﬁizﬁwadmslﬁammm‘wLmﬂﬁhdﬁ’u%mauauadmmﬁ
nsrAuNIsIonlAwANgaiY (Heydecker & Coolbeare, 1997)

Table 1 Germination of different aged rice seeds under laboratory condition before and after priming with PEG

6000
Aging periods Seed germination under laboratory (%)
sns P : AL Changed (%)
(day) Before priming After priming
0 87.00° 80.00° ~7.00
1 58.00° 40.00° - 18.00
) 12.50° 27.50° +15.00
3 7.00% 6.00¢ - 1.00
q 0.50° 1.00¢ +0.50
F - test - - -
C.V. (%) 6.52 3.13 B

** highly significant (p < 0.01)

Y Means in a column with the same letter are not significantly different based on DMRT.

drunnusenveadniusluanimuiagn wuinieunsydumssenudaiusiniideunuamlussiuunnsiis
AUAMULANAIIAUNIEDR T,mEJLuﬁﬂﬁu'ﬁ:ﬁlﬁlﬁmuﬂ'liLﬁ'mq ﬁmwmmqnﬁqmwﬁﬁ’u 79.50 Wasidus 5098911 Ae
Luﬁmﬁ’ua:ﬁmumsmmqL*ﬁunm 1 uaz 2 Ju Felaifnnuunnsnefunisadn danusenuindudl 33.00 Weosdus way
Luﬁmﬁuﬁjﬁﬁmmaaﬂﬁwﬁqm fio Luﬁmﬁua:ﬁsiwuﬂWSLiqawqLﬂuL’Jm 3 uaz 4 Ju Falifiruumnanstumeadn anusen
Wity 10.50 wa 2.00 Woslud My wazamenvedudaiugnansesunisendauuanasiunsada tny
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Luﬁmﬁ’uiﬁlﬂﬁﬂhuﬂﬁLiqawqﬁﬂmmaﬂgﬁﬁqmwhﬁ"u 83.00 Wasdud se%a% A LuﬁmﬁuﬁjﬁwmmidquLflunm 1
wag 2 Yu danueenwindu 48.50 way 32.50 Wasidusd auanu L.LaxLuﬁmﬁ’uﬁ:ﬁﬁmwmaﬂﬁwﬁqm Ao Lwﬁmﬁu'ﬁjﬁmu
massnelunm 3 uwas 4 Ty Felaiflauumnansiunnsada Srnusenwiiu 6.50 waz 0.00 Wesidusd mudidu e
mﬁ‘a‘uLﬁ&J‘UmiLﬂéEJ‘uLLUaariaut.t.awé’msséjumﬁdaﬂ WUd1LuﬁmﬁuﬁfﬁiﬂlﬁﬂmmﬁmmqLLﬁzLNﬁ@WﬂAﬁjﬁﬁiWﬂﬁLﬁ'd@ﬂ&g
Wunan 1 ¥u fanusenifiny 3.05 uay 15.50 Wedidus auddu (Table 2) wansbiliidInNsnsEAUNISIONAY PEG
anusahuldlunsusuugnunmueaudaiuginild denndesiuauneasaves Sun et al. (2011) ﬁwudwmﬁmﬁ’uﬁ:
Fnfisinunisnszdunisiensie PEG fnaddenissenvesmdnuaznisiadydulavesiundn 1esnn PEG awnsataely
N13L59NTEUIUNTINAIYNglAd USUUTIAanIsuves PAL, SOD, CAT war POD luidals wonanil Kartika et al.
(2021) fanudnnisnszaunIssenUanRugT19098 PEG Faelidundrdnannsassilusrosusnlafnindalasu
NANILNUINAIULAILAS

Table 2 Germination of different aged rice seeds under field condition before and after priming with PEG 6000

Aging periods Seed germination under field condition (%)Y
— Changed (%)
(day) Before priming After priming
0 79.50° 83.00° +3.50
1 33.00° 48.50° +15.50
2 33.00° 32.50° 050
3 10.50° 6.50° - 4.00
4 2.00° 0.00° -2.00
F - test - - -
C.V. (%) 5.11 6.81 _

** - highly significant (p < 0.01)
Y Means in a column with the same letter are not significantly different based on DMRT.

wagaINNIIATIIdRURYnIsIen nuitneunszdunsenudaiuddnddvinsenuandieiunisais Fafins
ANAININTEELLIAINITTIBE Im&JLuémﬁu'ﬁjﬁiﬂim"ﬂiwuﬂWﬁLiqaﬁ&;Luﬁm ﬁﬁﬁ”ﬁjﬁﬂ'ﬁdaﬂqﬁﬁqmlﬁhﬁu 10.13 5890941 A
Luﬁmﬁ’uﬁ:‘ﬁ'mumﬂiqmqtﬂunm 1 5y fidsinissenwiriu 7.67 slifinuuansnedunieadi uanuindanuwanaig
ﬁumnaﬁﬁﬁuLuﬁmﬂ’u'ﬁjﬁmumsl,iamqL“T;Junm 2,3 uaz 4 Yu fifdudnistenviadu 1.40, 0.89 uaz 0.03 ALETU uay
Arfinssenveaudaiugnansziunsendanuuanaeiuneada ImJLuﬁmﬁ’uﬁ:ﬁlﬂﬁmumﬁmmqﬁﬁ%ﬁmﬁdaﬂgq
ﬁ'qmwhﬁ“‘u 14.65 998911 AD Luﬁmﬁ’uﬁ:ﬁmumﬂiquLf’lunm 1 uag 2 7u davdnissenininu 3.56 Lay 1.96
AU LLazzL;Jémﬁuéﬁﬁﬁ%ﬁmﬁqaﬂﬁﬁﬁqmﬁaLuﬁmﬁ’ut‘jﬁmumﬁmmqLflunm 3 uar 4 Ju Falifinuumnanstums

N oA

aa " w o w d' a = = ' o v i <
An6 4AYUNITIDNYINY 0.43 ag 0.07 1HUa1nU Lll@LU?EJ'ULV]E]Uﬂ']iLﬂaE]'uLL'UENﬂauLLagﬁaﬁﬂﬁgﬂuﬂqiq@ﬂ NWUILHARN

v el o &

WU lﬂiﬁsiwuﬂWiLs'nawqLLazLuﬁmwuﬁﬁquﬂm.s'nmql,ﬁunm 2 U 9Hn1599MANTY 4.52 kag 0.56 AUFINU

3 3

(Table 3)
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Table 3 Germination Index of different aged rice seeds before and after priming with PEG 6000

Aging periods Germination index" Changed
(day) Before priming After priming
0 10.13° 14.65° + 4.52
1 7.67° 3.56" 411
2 1.40° 1.96° + 056
3 0.89° 0.43¢ - 0.46
4 0.03° 0.07° + 004
F - test - = -
C.V. (%) 4.00 1.85 -

** - highly significant (p < 0.01)

Y Means in a column with the same letter are not significantly different based on DMRT.

Tushueafeiy ﬁmuL%’ﬂumiqaﬂﬂumLuﬁmﬁ’uﬁ:ﬁﬁsxﬁumsLﬁau@zumwu.mﬂﬁmﬁuriaumzﬁum'maﬂﬁmm
UANANRAUNINEDRA %ﬁwvdwammmmwzLaamwm'aaw&;vzimﬁmﬁ’uh”ué’ﬂwmzﬁu Immuﬁmﬁ’uiﬁlﬂﬁwmmﬂiqmqﬁ
mmﬁﬂumiqaﬂqdﬁqmwhﬁ’u 10.10 AURADTY 5098911 A Luﬁmﬁuﬁ:ﬁmumﬁyﬁnm&gLﬂunm 1 waz 2 Su Feladfiany
wANANAUN19ERA dausiluniseenwindu 3.58 way 3.09 Ausety AuaRy LLazLuﬁmﬂ’uﬁjﬁﬁmwm%ﬂumsqaﬂﬁw
ﬁqfﬂ fo Luﬁmﬁ’uﬁ:ﬁmuﬂ'ﬁﬁamqLﬂuwm 3 uay 4 Su Jaldflanuuanaisiunieada dausalunissenviadu 0.83
waz 0.16 fumaiu muddu uaranustlunissenvesudniudndensesunisieniianuuanadaiunisadn lnewdn
ﬁuﬁ:ﬁiﬂmumiﬁ'qu ﬁmmL%’fi,uﬂﬁqaﬂqdﬁqmvhﬁ’v 14.38 fiumDTY 5998911 FD Luﬁmﬁ’uﬁ:ﬁﬂmmimmqLﬂunm
1 way 2 Tu anudlunseenwindu 7.25 uag 3.98 dufetu muaay LLazLuﬁmﬁ’uﬁj‘ﬁﬁmmL%ﬂumiqaﬂﬁ?wﬁqm fio
Luﬁmﬁ’uﬁ:ﬁﬂhuwﬁtﬁ'nmqtﬁuLam 3 uay 4 Sy Fslaifmnuuenansiunieadi fanudilunissenivindu 0.62 waz 0.00
Fusotu awddy lelTeuifisunsivasuulasiounazndanszdunissen nuinwdaiusalildiunsiseony uas
Luﬁ’ﬂﬁuiﬁmumﬂiﬁmqlﬂunm 1 uay 2 ¥y fanudilunmssenifiuiy 4.28, 3.67 Lag 0.89 AUMBIU ANAINU
(Table 4)

PNNANTNARDIIS 4 é’ﬂwmxﬁvlﬁﬂénmLuﬁmﬁ’uiﬁﬁau@mmwLLG\ﬂffiNﬁu%mauauaﬂuﬁmmﬁaaﬂLLasmm
aﬁ'naualumsqaﬂGiamﬁﬂi::ﬁumaqaﬂiﬁmﬂﬁmﬁu Ima%tﬁu’hLmﬁﬂﬁuiﬁiﬂm”ﬁﬂﬁ@auﬂmnWWLLagLuﬁmﬁuﬁ:ﬁﬁﬂﬁ
dougnunmsensisiorgidunat 1 wag 2 Yu Insnevaussdenisnszdunissenlumsuin luvagiudaiugiivinla
Lﬁau@mﬂnwﬁaaﬂWﬁLﬁ'dawegl;flunm 3 uay 4 U fn1smevauedluniau LﬁaqmﬂmiﬂiséjumﬁaﬂiﬁﬂizaummﬁwL%ﬁ]
G?Tuagiﬁ’vﬂﬁ)%’whm seitldnanatnadu fanidduiiedosineg manfuiiddy fe 9gvetuAniLg Mnwaaiudnniuly
wlalanunsonouauesonisnszdunssentiAaule (Berak & Villiers, 1972) fansinuves Aquila et al. (1978) 7l
Anwiluuiniugdniena W‘wamﬁmﬁ’uﬁ:ﬁmumiﬁ'dmq%mauauawiamimzﬁumiqaﬂqdﬂdﬂLMﬁ@ﬁiJﬁjﬁMlé’tiWﬂﬁ
15981 yonani msﬁﬂmﬁammimi—mwadmﬁmﬁmuﬂﬁﬂizﬁumiqaﬂﬁa&JmsLLG&LM&G}M&W\'@M'}M@mmzé’mwmi
winAvlnvesundinand Tasdmdaiugluiseongluszeznaisineg fu wdiailunsedunissen nuinsdasiugi
hﬂéfﬁldéﬂﬁﬁfu n1snsgRunssenuarlinseiunssenlulavinlininuenuardnsnisasyivlavesdiunaidniand
WANFIIAY LLGﬂULMﬁﬂﬁNWUﬂTﬁL‘fG@’]QL‘f]una”l 24 F3lug ﬁgul,uﬁmﬁlﬂé’sﬁumsmsG’jumﬁaaﬂﬁé’mwmﬁm%zg@uimﬁ
anas G(szﬂ‘ﬁLllgﬂ‘ﬁlN"]Uﬂ’liﬂ‘ig(gjumid@ﬂﬂﬁUﬁﬁm‘ﬁmiLﬁ]%iy}LaUIG]ﬁLﬁﬁJ%u winissogLanuAulY (winfinsdeox
AnINuInLALlY) VfﬁLugmﬁ'muLLa811J'm"mm'iﬂﬁw:’uminaﬂ%l@imauauama?%miﬁyﬁﬂﬁmalajmﬂm'wﬁu
(Goldsworthy et al., 1982)
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Table 4 Speed of germination of different aged rice seeds before and after priming with PEG 6000

Aging periods Speed of germination (seedlings/day) Changed
(day) Before priming After priming (seedlings/day)

0 10.10° 14.38° + 4.28
1 3.58° 7.25° +3.67
2 3.09° 3.98° +0.89
3 0.83° 0.62° 021
q 0.16° 0.00° 016

F - test - - -

C.V. (%) 4.57 2.11 -

** - highly significant (p < 0.01)

Y Means in a column with the same letter are not significantly different based on DMRT.

1918 suA A MYBLAAT LT azLAn lipid peroxidation @ sdawaliid evuiwadidenie (Ray et al, 1990)
annsansadeuldainnistadinsilnihveshiudwde (Tonthong et al,, 2018) IMNUANITNAGDY WUIINOUNTEHU
mssenAnsiiliive s fudwdntalngimeety LwimeGmﬁuwmaﬁaswdwLuﬁmﬁuiﬁiﬂsi'mm'ﬁl,i'qm&;ﬁﬁﬂ'wms
ﬁwiWﬁwmmﬁwﬁLLﬁLuﬁmﬁwﬁquﬁﬂﬁ’U 11.63 Wedldud Fulwdaitugriiunisissorgdunan 1, 2, 3 uay 4 Ju Fsliny
mmLL@ﬂﬁmﬁ’uwaﬁﬁidemﬁmﬁmumimmqnﬂmLaa1‘1’7fﬁﬁhﬂﬁﬁﬂﬂﬁﬂsuaﬁﬁéwﬁl,lﬂil,uﬁmwhﬁ’u 15.50, 15.87,
15.53 Wag 15.68 uS cm™ ¢ MmNa1AU MAINTNINTEAUNITeNLAT WU’jWhﬂﬁﬁﬂiWﬂwaqﬁwﬁLLGdLmﬁmﬂﬂﬁﬁﬁ%lai
fanuuanaaiunieada lnedeinisualninedsewing 7.30 - 7.43 pScm™ ¢ dlowSsuifisunmsdsuntasouunas
NRINTEAUNITIBN ‘WmfwLuﬁmﬁua:ﬁBhumiﬂﬁzéjumﬁdaﬂﬁﬁhﬂﬁﬁﬂﬂ/\lﬂwaqﬁwﬁLLdeuﬁmamadﬁy’amﬁﬂﬁ’uﬁ:ﬁiﬂﬁmumi
15981 LLazLuﬁmﬂ’uﬁ:ﬁmumitﬁdmsy:flunm 1,2, 3 uay 4 Sy fAnsilwiihveshiurwdnanasts 4.21, 8.12, 8.49,
8.10 uag 8.38 puS cm’ ¢* mmua1RU (Table 5) ImBagﬂlé’dﬁLuﬁmﬁuiﬁ'ﬂmmiﬂﬁsﬁuﬂﬁnaﬂﬁmmiﬁﬂw%ﬁﬁm’h
Luﬁmﬁhﬂm”ﬁm'ﬁﬂﬁzﬁumN@ﬂunﬂszﬁumuﬁauﬂmmwmmLuﬁmﬁuiaﬂwq%’mﬁm 1ne Delouche & Baskins (1973)
a%mammaﬁamqmmwmmLuﬁmﬁ’ué:lﬁdw Luémﬁuﬁ:ﬁLﬁau@mmwwﬁamwmaq plasma membrane ﬁqul,%a@mauﬁa
Tunismivauwazinivasneg viliAnn135lnavesanseneg eonuuenudn MNNANINAREIRLLIN PEG 6000
annsninwlassaiiawes plasma membrane fiannsamuaunsslvavesasnisluwadlvioonuiueniwadlstiosa
uaﬂmﬂﬁé’ﬁwvdwﬁhmiﬁwiw%mmﬁéﬂﬁmuﬁmLm'asﬁzm"‘umstﬁaum&mé’dmﬂmsﬂ3z§1'umsdaﬂﬁﬁﬂait.t.mn@mﬁ’umd
A vnurfinnusenvesudaiuiimeiluanwiosfoRnsuazutasgn fuiinisen sawdseudilumssenitud
Aflusnsnstunn e1aifloswnainseiunisidenaninves plasma membrane usiaznssisianalndifsaiuegudn
é?ql.l,@ifiaumiﬂssﬁuﬂﬁaaﬂ LwiLLmﬂﬁhdﬁum&aﬁaﬁ’muﬁmﬁlﬂmum'ﬁlﬁ'dmqﬁﬁigé’umsﬁauamwﬁwﬁqﬂ INNANTT
nAae Ui PEG 6000 Thianldlununnassaunsasnuaninues plasma membrane lndumasiuldidiauh
ﬁ"uLuﬁmﬁiﬁﬁmﬂﬁammwﬁdLﬂu’?’%miquu (Luﬁmﬁiﬂmumsﬁam&;)
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Table 5 Electrical conductivity of different aged rice seeds before and after priming with PEG 6000

Aging periods Electrical conductivity (uS cm™ ¢ ¥ Changed
(day) Before priming After priming (uScm™ gt

0 11.63° 7.42 -4.21
1 15.50° 7.38 -8.12
2 15.87° 7.38 -8.49
3 15.53° 7.43 - 8.10
a 15.68° 7.30 - 8.38

F - test - ns -

CV. (%) 2.85 2.04 ]

ns : not significant, ** : highly significant (p < 0.01)

Y Means in a column with the same letter are not significantly different based on DMRT.
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Abstract

This study aimed to cultivate microalgae in water from Litopenaeus vannamei shrimp farm to be used
as supplement for shrimp. The study focused on its growth, lipid and pigment contents and effects of urea
addition as nitrogen source and scale-up of microalgae cultivation. Microalga Chlorella sp. SHP isolated from
shrimp farm showed higher pigment content and antioxidant activity than other two isolated strains. Chlorella
sp. SHP grew best in effluent from treatment pond compared to water from reservoir pond and shrimp pond.
The addition of urea at 2 ¢/L and the scale up in 50 L microalgae cultivation pond gave the maximum biomass
of 0.19+0.03 ¢/L, the lipid content of 44.96+2.79%, and the contents of chlorophyll ab and carotenoids of 11.65
me/g and 5.45 mg/g, respectively. The antioxidant activity based on radical scavenging activity of 1 ¢ microalgal
biomass was 66.71+0.02%. The findings from this study could be an alternative for producing microalgae with
high lipid and pigment contents, and further utilization as low-cost supplements for shrimp cultivation.

Keywords: antioxidants; microalgae; pigments; protein; shrimp pond
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Figure 1 Top view and side view of microalgae cultivation pond model. Dashes line represent water flow
input for water pump and solid lines represent water flow output from water pump through water pipe set

on the top of pond model.

ad a g
WBMIWATIA
Qb T Ea B e VI AR TR IL o e B P R P T L FA T EF T BN RTEY
Wiege 20 Jaddns Tdlunasanaiain udathlunyumissfiaaiuga 8,000 seusiowit Wuan 15 wid

nHuwihnsdmzneuadmeuinau 2 a1 newhludumesdieadanaznau winenauwadlleufiaaumall 60



176 MTASNYATNLIBUNET 2567 : 42 (2) : 173 - 182

sarwaldd auuivseuszuna 48-72 Falus Aelilidululagaainudu udnhluds duadmvidnwaduiis 91ntwi
AsanabusulagnsinasuannaalsasuLarIuea (BRs1dU 2:1 USUnssausuing) 1 Na8anT unnenauwad
Tazidoanaulidiu udnhluilieadunndewiosmaudosnnnuigadunal 30 il feamgll 40 ssrwadea
nduh U gaiauis25eu 8,500 saumauni Wunan 10 wd wdwendlulaiuls vinisadeag aanduiin
asavanefianavioualusyie udthluesuiigamall 60 e waded audminasd Adidululagaanuiu dilud
umrdnuaahlumuiamidininlugiu (Maneechote & Cheirsilp, 2021)
a < a a < I I3

n15As1ERUSUuAaalsHadwasualsTiuaen

ApsziUiununaslsiaduazialsiuesanuisues Sartory (1982) 913lns (Maneechote & Cheirsilp, 2021)
lngiegeavineusung 10 $addns vyuwnisafianuiiseu 4,000 seuseundiilunan 15 wiil wduladis 1
PLNaULAadINIIELANANTAYANERLYlAUSREaY 90 USUNRS 10 Nadans uansnaulgaawiazldaanaulmdniy wad
nluviiigaduandiensospdudesniudaaduna 30 i Meamgll 40 ssmwadea anduiludunied
AIEITOU 4000 sBUsEunl 1Wuna1 10 uidl udwendulafivly dasavareldluindinisganfuuaniiuduim
USuneuansa

a ¢ So a Ao ' <

nsATsRgVsiTuayyadasentegluamsigvuian

MAsainaIsaInaIns1evuIAEns8Len1ueasaar 95 Iasusuing) 9nsndiu 1:10 wad U ldivg1nae

a A | A & & Y o I | a A Y v o v % a &

WS 09EN 180 sausaun? LJunan 24 Flue wadlvinisiivansazareduladledlindvinnisanegdn 3 ass
Mnduna1sa1e9 la lusemeLenIuea aanaunun Azlaasanmudy Unaisaisananleunaunu 1 Hadans ve9
@1sazany DPPH (0.5 fadluanshweniuea) iivluifiaiduian 30 il udwhnistaainisgndunasiinnueniniu
517 unluas(dfienueailu blank uagld BTH Wuansazansunsgiu) diainisganduuaiialdlumuingniiu

auyasasy (Choochote et al., 2014)

NAN1SANE LAV

nsAaenamivunaEniigniansiusyyadaszge

NNsAnwINIsesyresavseawIndn 3 aeiug Lawn Chlorella sp. SHP ﬁLLEJﬂlG’fmmméqﬁﬂuWﬁuﬁq
Wisuiisuiu Chlamydomonas sp. WP1 uag Scenedesmus sp. WP2 ﬁlﬁmﬂﬁadﬂﬁﬂ'ﬁmi Bioprocess engineering
Tnsnsidedluemsman Modified Chu 13 U3uas 400 fadans luanmaeiifinisiduas 3,000 &nd Wuenmedeieios
WuoINAT BRI INTINE 0.02 USu1msen1asoUsuInTeImsAauITl HAN1TNAABILAAIRT Figure 2 WU3IAIMT 1Y
Chlamydomonas sp. WP1 uag Scenedesmus sp. WP2 fi§asinisiasaiulafisandaludawiifuusn uaglndideaiiu
ﬁgqaaqawﬂ’utf Tuvnziiamsne Chlorella sp. SHP F8nsinsasquaulniidiniiamssassansiususn dmsunis
Wasuwlasfitey nwulugiriuusniiaregluyas 8-9 wasdanfiududu 10-11 seeradosannisld HCO, Aumnda
11970 NaHCO, Iuﬂismumié’dmi’wﬁu,mu,azmst.aﬁagﬁﬂﬁﬁl,amﬁwﬁu (Poza-Carrion et al., 2001) wdsaniud 4
ﬁJaqm‘iwaL?i”mmﬁLa%%L'%'uamm%"amﬁ]Lﬁmnﬂmuiwﬁm%’wqfﬁwg stationary phase w3ofunugadi3uuan uay
asUszneumeluwadazarseenunluiminy i iiensuanas vdwininmsinziesamsevundnauans
WUGIUATULIAN 5 T wdhnsiuieaiegraiuninsesiasneg Tiud vhminwaduis (dry cell weight) Usunas
a5 (pigment) wazUSuaiansiusyyadasy (antioxidant) namsiissUsuanimiineaduiswesanine wansds
0.63+0.17 waz 0.71+0.08 NFUADENT AIUAIAY ‘?jﬁ@ﬂﬂi’] Chlorella sp. SHP (0.55+0.15 nSunedns) ogedidedfgy
(P<0.05)

Figure 2f Wu11 Chlamydomonas sp. WP1 wag Scenedesmus sp. WP2 Tia1u v nigas wislnd sy aiu



King Mongkut’s Agr. J. 2024 : 42 (2) : 173 - 182 177

denssuiisuiinailviuiatldnnisaduimosamierunndni wuhamheiaumeiugiuamae
logiuge Ao fuTinaluiuiadaldunnindesay 20 lnsamsesaumeiugliuimalndifosiu uddeduiondy
Fewarvodludu wuin Chlorella sp. SHP fi¥esagluiiuginin Chlamydomonas sp. WP1 uag Scenedesmus sp. WP2
pg19ddedAty (P<0.05) Figure 2g wansUsunmuansa (pigments) Usznaulunie naslsladtle (Chlorophyll a),
Aaslsflaad (Chlorophyll b), Aaslsiladlad (Chlorophyll ab) wazwalsiiuses (Carotenoids) wuin Chlorella sp. SHP
fiUsinaansiineg ganameinaesaeiug dnfudedasatnvesamernadnudazaeiusiuiinnesimgns
nsfueyyadasziisley laol#38nsiesgyiuy 1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay #1ae1 0.D. 71 517 w1
Tunsuwarruiaesnuduel Radical scavenging activity (%) wuinamsne Chlorella sp. SHP i Radical scavenging
activity qaﬁﬁaﬂax 32.30+0.17 F91nn31 Chlamydomonas sp. WP1 (3away 8.47+0.17) way Scenedesmus sp.
WP2 ($esag 7.04:0.17) Fauansliiiuinamie Chlorella sp. SHP fiqndnisiueyyadaseas fadenndesiunuide
284 Choochote et al. (2014) ﬁvi’wmsﬁﬂmﬁa]ﬂﬁsumsﬁwuayaﬂaaaswanamiwEJ Chlorella sp. E53 wag Chlorella
sp. ED53 wudwﬁqm’ﬁgmﬁﬁmauuaﬁaﬁx DPPH (% Radical scavenging activity) gefia¥osa 68.18 uag 58.98 Mua AU

uenniidsaanndasiuauideues Safafar et al. (2015) finuinauswanewug Chlorella sp. SUFunmmsiuoyya
a5z DPPH agfieuay 28-34 uenNiSmuiSinaasanialdanamsie Chlorella sp. SHP Sanuduiusiuen
gvinsiueyyadasy 3nauAfeiinunwuinamse Chiorella 'Mmsmwﬁunfﬁﬂ%mmmmmaﬁgqﬁgaﬂa;maaiﬁxlaé
wazkelsfiuess uaziinismenuiasnduualsiuesdiuiiauantivesnrinisiuouyadassdndas (Markou and
Nerantzis, 2013) 3adululsransiueyyadaseildanainamsisenamiainarsdlunguvesnaslsiladuazials

uown ftuludenaIviie Chlorella sp. SHP

(a) Chlorella sp. SHP (b) Chlamydomonas sp. WP1 (c) Scenedesmus sp. WP2

(d) Growth

0D. 660 nm

0.0
0 1 2 3 4 5 o 1 2 3 '
Cultivation time (dave) Cultivation time (davs)

—0—Chlorella sp. SHP -#—Chlamydomonas sp. WP -0~ Scenedesmus sp. WP2

(f) Biomass and lipid production (g) Pigments and antioxidant activity

=
-

=
&=

=
&
TEETTEp——Y

=

Biowmass, Lipid (/L)

=

(25) Ananow

0.0
Chlorella sp. SHP Chlamydomonas sp. WP Scenedesmus sp. WP2
= Chlorophyll b
BBicmass (gl)  OLipid production (g/L) —S—Lipd content (%) . vl ab - oenond
Radical scaveging activity(*s)

Figure 2 Screening of microalgae for biomass, lipids and pigments production. Different letters on the bars

indicate significant differences between treatments (P<0.05).
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Table 1 Characterization of water from shrimp farm ponds

Water source COD (mg/L) Total nitrogen Salinity (% NaCl pH
(mg/L) w/V)

Reservoir pond water 65.50+5.50° 4.00+1.00° 1.10+0.83° 7.73£0.02°

Shrimp pond water 61.50+7.50° 5.00+£2.00%° 2.52+0.07° 7.63+0.03°

Treatment pond 51.50+18.50° 8.00+1.00° 2.06+1.00° 8.03+0.11°

water

Different superscript letters indicate significant differences between treatments (P<0.05).
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(a) Reservoir pond water, RPW (b) Shrimp pond water, SPW (c) Treatment pond water, TPW
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Figure 3 Cultivation of microalgae in reservoir pond water (RPW), shrimp pond water (SPW) and treatment pond
water (TPW) for biomass, lipids and pigments production. Different letters on the bars indicate significant

differences between treatments (P<0.05).
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Figure 4 Effect of urea addition on biomass, lipids and pigments production. Different letters on the bars indicate

significant differences between treatments (P<0.05).
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Abstract

The aim of this study was to find a suitable forecasting model for the export quantity of fresh or chilled
fish in Thailand using seven statistical methods including Box-Jenkins method, Holt’s exponential smoothing
method, Brown’s exponential smoothing method, damped trend exponential smoothing method, simple
seasonal exponential smoothing method, Winters’ additive exponential smoothing method, and Winters’
multiplicative exponential smoothing method. The average monthly export quantity from the website of the
Office of Agricultural Economics was used for data analysis. The data set used to create the models was the
export quantity from January 2011 to December 2020 for 120 months. The data set used to compare the
accuracy was the export quantity from January to December 2021 for 12 months using the lowest mean
absolute percentage error. The results indicated that the most accurate method was the damped trend
exponential smoothing method.

Keywords: fish, export, forecast, Box-Jenkins, exponential smoothing
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‘Vi%@LLSUILguﬁﬁ’jﬁLLu’JIﬁMLLaSSVI%WWUENQQﬂWa oglsfinu nsdnwilaziansunisnisairsiuunensallagisnis
wennsalmeaANTA Nz AT UBYNTuRaMAFULUY ilelinseunquiu e nsaiifTign

3) A3RARUTAULRA (assumptions) YBIRILUUNEINTAIAD aqﬂiuL’Jmsuaqmﬂamm?{auﬁnﬂmswmﬂiaiﬁmﬁ
WaNLaUsnd frenisvaaeunealulnsev-adsuen (Kolmogorov-Smimov test: KS test) finsindeulwandudassiu
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AeN1INAaRUsUd (runs test) dAafiginduaud aren1svaaaul (ttest) wazdauwUsusauindungIwia
men1snadeuvenaiunelinisldisegiu (Levene’s test based on median) ddoauyfliiduass nuneaiiudi

frnuunensallawanean ldasiluldluniswennsalsely
4) Wisuiguauduveaskuunensal Inenisieuisulsununisdseanuanannssudifusiausiiou
UNTIANDAABUSWINAL 2564 U 12 iau (n, = 12) AuAneInsal WiieA 1A MAPE Tagfaluung1nsaiyilien

MAPE siiign daiduduuuiifianuuduunniign iesnbimeinsaifidanuuanseiudoyasieiosdian ans MAPE

wamanall (Ket-iam, 2005)
MAPE = @Z

nz t=1

[¢]

S
Yt
e e, =Y, - ¥, WNUAIARIAAREUIINNITNEINTDL B 1387 t

Y, UUAISINEOAIEINR Bl 1IN t

¥, WNUAIMNEINTAL 4 1287 t

HANISANYILAZIRNTA]
wam5ﬁmsmwa]1ﬂﬂmWé’wmsmsm?{auimmaaawmuLamiﬁuWr:umia'qaaﬂﬂmaw%aLLszj'LﬁusquLiﬂé?aLwi
Wouunsay 2554 fufiousuaau 2563 $1uau 120 Wew nuldinansdsesnuaaanioutiduiivunliuanas waz
deldnsmaaoud (t-test) lilonaaouauuAgiu wuitununisdseaninisanasegefitodifey 0.05 (t = -5.1234,
pvalue < 0.0001) TneiflousniiansanuSuanisdoonidu 2 rsaanfe dudiieunnsiau 2554 fuioudma
2559 §1uu 68 ey wulnuSunansdeenvataavsoudiduiiuiltuanasedeiitedfey 0.05 (t = -5.3986, p-value
< 0.0001) vaUgAiTANTUR Y 2559 Fufeusuren 2563 S1uru 52 ey nuiTuimnsdseenUmanviouns
Buiuunlfuiuduegeiidodidny 0.05 (t = 2.4691, pvalue = 0.017) TaufaUSunanisdseenvatannseud fus
dvBnavesggmariiuiAetesing (Figure 1) nansnaaeuauyAgIuionsaaae UL liuardvswavesggnia wui
UinamsaseeniiansisegilundazUunnanaiuegrafidodifny 0.05 (* = 52.829, p-value < 0.0001) tiufe sunsy
naduwdlty wasUsununisdeenraainidnkuiltudadsegulusdasiiouwnndeiuegsliteddgy 0.05 (1 =
38.209, p-value < 0.0001) ffufie synsunAEdVENATRINgNTA Fansfnwidl#asnsimdauulidueandenisms

Desnneunsunaniinisndieulniviednisundsiliasidenanyuasuwladly (Figure 1)
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Figure 1 Run plot for the export quantity of fresh or chilled fish
during January 2011 to December 2020.
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HaNsATRAeUTINU YN sIaUTINUNsAvesnUaanuFeutiduiiiouunuasvsnavesngnia Jeuvag
Toyasonsminaiisdwud 1 (d = 1) ieddauunliy uazvinasisggniadisdudl 1 (0 = 1) iefdndvsnaves
goma uwaasens i duanduiusluda (autocorrelation function: ACF) uagnsilenduanduiusludiuiediu
(partial autocorrelation function: PACF) iiteasnadauuunensallasisdend-laufud wuitoynsunamdsninnig
wasdeyaiidnvazasi eswnduussansanduiudlusa (ACF) warduuszansanduiusluiuisaiu (PACF) agly
vounaudasiufifiuun snifutianand 1, 5, 11, 12 vesnsl ACF AfduszAvdanduiusluduAuveuiumnaiy
Beduditavun Faftvuely g = 2 war Q = 1 uazdaaaadl 1, 11, 12, 24 veanswl PACF 7ifduuszans anduiusly
Frusduiuveuwnad edudifmun Safmuald p = 1 uag P = 2 (Figure 2) Fodusauuunensalfidulule
Sudufie fLUU SARIMA(L, 1, 2)2, 1, 1);, nan1sdmidenduuulimdenemimesifited fayfisedu 0.05 nu
FILuUNeInsaifmngaNAe fuuy SARIMAQO, 1, 1)0, 1, 1),, laiinadaaedin dlounuaruszuramisifimedain
TUsunsu SPSS azldmuuuneinsaivosusiaziSnisnensal (Table 1) uazArdiggnia (Table 2) Fsanunsnefule
aruvanevesdiiganialdied mnisnmeiiiSeusesaudhddifganiaegsiouasiimsinliGeuseantng
POIUNBTUULUIN NUUTIMNsdeenUanaarseutifurzgdlutinfounnsiauiaduia wguniay uazsuay
doswndddviingmannnii 0 waranTEmailvisudeaedidmedumesiuugm wuiiiunisdseenya
anvioudifuazgsluriafeunnmauisiiuing nquniey uazsuneau iesnilddringniaunnii 1

Fish Fish
O Coefficient O coefficient
1.0 — Upper Confidence Limit 109 — Upper Confidence Limit
— Lower Confidence Limit — Lower Confidence Limit
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Figure 2 ACF and PACF of the transformed data (d = 1 and D = 1).
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Table 1 Results of the forecasting model

Forecasting

No. ethods Forecasting model

1 Box-Jenkins SARIMA(p, d, g)P, D, Q) : SARIMA(O, 1, 0)O, 1, 1), :

$,(B)d, (B*)(1-B)"(1- Bs)D ¥, V=Y, +Y,_,-Y,_,—0.44007¢c,_,

-5+ éq (B)@O (B“)et -0.72388e,_,, +0.31856¢,_,,

where Yl_j represents the time series at time t — j
and e, ; represents the error at time t —j
2 Holt Y,\m =2, +b,(m) where ¥.... =5,888,238.46430
a, =aY, +(1-a)(a_, +b,,), +12,594.25986(m)

b( = Y(at _awl)+(l _Y)bt—l

3 Brown ?{H‘n =a, +b, |:(m -1)+ l} where Yim =5,605,240.23093
o 1
+154,716.84076 -1)+
a,=aY,+(l-a)a,_,, {(m ) 0.37052}
b, =a(a, —a_)+(l-a)b,_,
4 damped G a0, S0 where ¥, =5.825,257.48347
i=l1 - i
588,862.80669 » (0.41505
a, =aY, +(1-a)(a,_ +¢b_,), i ;( )
b, =y(a,—a,_,)+(1-7)db,,
5 simple Y, =a, +S, where ¥, =5,793,050.63142 + S,
seasonal a :(X(Yt —é‘is)+(l—0t)aH ’
S, =8(Y, —a,)+(1-3)S,_,
6 Winters’ ... =(a, +bm)+8§, where ¥, =(5.728,010.80788 ~11,825.71457m)
additive a, :OL(Yl —Sl_s)+(1_0‘)(al_1 +b,,). +S,

b =7(a —a,)+(1-7)b,.
S,=8(Y,~a,)+(1-8)5.,
7 Winters’ t+m :(a[ +b[m)§. where \?Hm = (5>725,496-72864 -1 1,558.68445111)
ltiplicati :
multiplicative a, :(x}(—‘+(1—0l)(at—1 +b,,), >

t-s

bt = Y(at _at—l)+(1_Y)bt—] ’

where m = 1 represents January 2021 and él is shown in Table 2.

Table 1 fmnumnevesdaydnuaie o fai

v, ey ¥ wuAmeInsal o e tuazian t+ m auddu Taei m wudiuauiaananiidesnsneginsalld
19N

5=, (B)d, (B*) wnuerasi (constant) Taefl i unuAedsveseynsuaiing (stationary)

¢, (B)=1-$,B—§,B> —... -, B’ wnudsidunisanaosludisdudui p nsailudnggnia (non-seasonal
autoregressive operator of order p: AR(p))

®,(B')=1-®,B'-®,B" .. ~d,B" unusandunisannoslud’ SuAUT P nsalTgan1a (seasonal
autoregressive operator of order P: SAR(P))

0,(B)=1-6,B—0,B> —... - B uwnuididunisiadsedeuiisusuil g nsdilifigania (non-seasonal moving
average operator of order g: MA(Q))
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0,(B')=1-6,B'-6,8" —.. -6 ,B* unudaidunisiadsindouiisuduil Q nsdiignia (seasonal moving
average operator of order Q: SMA(Q))
t unutnam dedrdoud 18 n, Taefl n, wuswaudeyalueynsunaigaus (n, = 120)

s wuduggnia JseynsunanUiinumsdeendmanvioudiduiiudeyaeiiou e s = 12
d wag D unudWuTivesnsmHaiaLazkafisganIa mudIRy

B unusduiunisnesvds (backward operator) lngi BY, =Y,

4

uay b, wuATEINUSTEZAALAY Y Lazmuduveswuliy ol 180 t muaauy
o, 7, ¢ Az & wuAAeiINTlinEeu 1ael 0O<a<l, 0<y<l, 0<¢<1 WAz 0<d<I

Table 2 Seasonal index from simple seasonal exponential smoothing method, Winters’ additive exponential

smoothing method, and Winters” multiplicative exponential smoothing method

Month S, from simple seasonal S, from Winters’ additive S, from Winters’ multiplicative
JAN 1,240,550 1,175,498 1.20628
FEB 162,258 109,024 1.02584
MAR 796,481 755,073 1.14173
APR -67,518 -97,096 0.96062
MAY 319,088 301,341 1.01824
JUN -594,150 -600,066 0.85838
JUL -497,208 -491,292 0.87740
AUG -801,789 -784,042 0.83250
SEP -578,617 -549,040 0.90518
ocT -172,663 -131,258 0.99020
NOV -116,284 -63,054 0.98957
DEC 309,843 374,884 1.06587

nan1snTIvaeuteauyAvewuUneInal wuIdkuuNeINIaiNasat 6 35 laun 30end-aufud 3813

MRS UAILLAVTANFIVBIUTIY 35N15YM IS UAELAVTANGIN T UIUULUULAY N5V IAS8UA8LAVTANSINT

gan1aee1ed1y TNl sumeavlimaeiumesiuuuin wagdsnsiliiseusmgiavdmawedumasiuunn

ffoauyfduaimndeiissauiladifty 0.05 nanifie aUNTUIAITBIAIAAIALAGBUIINNITNEINTATNITHANUAIUINA

wasulmidudasziu danafewindugud uazaruudsusiuniriunnginal vaenismsibiiseuseasmdwes

load lAraanaouliidudassiuniseautodfty 0.05 (p-value = 0.028) Wude MuuUNeINIAIvBIISNTYIRISEU

seavdnawetlaankiliunzaukazliasihlulslunisnensal (Table 3) satiunisAneifiayliinisnisvinlmseusie

wdnasedlsadiulssuiisunnuwiuluniswensal

Table 3 The results of checking the assumptions of the forecasting models

No. Forecasting methods KS test p-value Runstest p-value t-test p-value Levene p-value
statistic
1 Box-Jenkins 0.439 0.991 -0.291 0.771 0.564 0.574 1.017 0.438
2 Holt 0.710 0.695 -2.200 0.028* -0.034 0.973 0.862 0.579
3 Brown 0.596 0.869 -0.367 0.714 0.397 0.692 1.002 0.451
4 damped 0.630 0.822 -0.733 0.463 -0.184 0.854 0.933 0.512
5 simple seasonal 0.647 0.797 -1.467 0.142 -0.263 0.793 0.862 0.579
6 Winters’ additive 0.607 0.854 -1.467 0.142 0.109 0913 0.862 0.579
7 Winters” multiplicative 0.514 0.954 -1.100 0.271 0.259 0.796 0.766 0.672

* Significant at the 0.05 level.
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ileldnuunennsaiiad1stu (Table 1) wensafUSinanisdieantananieutiduiusifouunsauiaiou
Surmu 2564 WioSeuiisuiuAmasslagnisAuanan MAPE WU’jﬁgﬁﬁmmeﬁumnﬁqmﬁa BnsyildFuusoand
A&afifuunTiunuunay (MAPE = 8.4696) 509a%nie 33n15vliiSousoiaed fndewasusny (MAPE = 12.6880)
(Table 4)

Table 4 Accuracy comparison

export simple Winters’ Winters’
time Box-Jenkins Brown damped
quantity seasonal additive multiplicative
Jan 2021 6,473,351 6,721,500 6,022,810 6,069,665 7,033,601 6,891,683 6,892,623
Feb 2021 6,556,253 5,877,511 6,177,527 6,171,107 5,955,309 5,813,384 5,849,708
Mar 2021 7,697,704 6,798,271 6,332,243 6,213,210 6,589,531 6,447,607 6,497,384
Apr 2021 7,060,539 5,984,788 6,486,960 6,230,685 5,725,533 5,583,612 5,455,605
May 2021 5,488,553 6,475,015 6,641,677 6,237,938 6,112,139 5,970,224 5,771,106
Jun 2021 6,198,910 5,482,012 6,796,394 6,240,948 5,198,900 5,056,990 4,855,103
Jul 2021 5,832,243 5,410,789 6,951,111 6,242,198 5,295,843 5,153,939 4,952,568
Aug 2021 6,811,500 4,948,800 7,105,828 6,242,716 4,991,262 4,849,363 4,689,489
Sep 2021 5,951,651 5,198,311 7,260,545 6,242,931 5,214,433 5,072,539 5,088,437
Oct 2021 6,163,091 5,712,757 7,415,261 6,243,021 5,620,387 5,478,496 5,554,951
Nov 2021 6,647,335 5,777,083 7,569,978 6,243,058 5,676,767 5,534,874 5,539,943
Dec 2021 7,476,901 6,263,581 7,724,695 6,243,073 6,102,894 5,960,986 5,954,784
MAPE 12.8751 12.6880 8.4696 14.0591 15.4561 15.8357

NEaNIITIvde UL TILAZBVENAT09ggN1aTB0YNTUIATUTIINNTAIRDNUAEAANT OUTIEUYAKS
ﬁwu*jmﬂgmunmsqmﬁﬁﬁgaLLmIﬁmLas%w%wammq@jma Fauisnmsnensaifimnzauensanduistond-ufudild
FILUU SARIMA FEnmsvinldSeudeaefdwedumeduuuuin LLaziﬁmﬁv‘fﬂﬁL’%wﬁwLa%%ﬁwé’waﬁuma%uw@m
(Ket-iam, 2005; Manmin, 2006) FaudsfunanisdnuniiinuinisnsvildZeuseaedmdeifiuusltuuuuunuiing
wnzaunIndian osandlen MAPE sdfian (MAPE = 8.4696) sasasunfie F5mmhlhFoudeiaadmdsmesusn
(MAPE = 12.6880) faska 2 ﬁmiwmﬂiaﬁfﬁmmmezauﬁ’uayﬂﬁmamﬁﬁLﬁmLLmIﬁmwhﬁgu mmzﬁn&jmaﬁ%mﬁ
‘Wmﬂ3@1}1’7{mmsamﬁuayﬂsmamﬁﬁ%ﬂLLm‘[ﬁmLasSm%wammq@,ma iy Fdend-taufuddfuuu SARIMA F3nsvi
Th3vusoimetmdmedumeiuuuuin waedimasvilfiGeuseardmdmediumosiuuguiat MAPE gindt (MAPE
- 12,8751, 15.4561 uay 15.8357 nuddv) (Table ) Seaniifuuil enafleanandiafouiiguisuiissunay
2564 F30nd-L1aufiud 3§mﬁﬁﬂﬁﬁﬂuﬁwLam%ﬁwé’aﬁﬁqamaaﬂwiw FBmavhlhseussiadidmesiumesuuy
N LLaseJ%mivTﬂﬁG&mﬁwLam%ﬁwﬁqmaqﬁuLwa‘i‘LLUU@miﬁﬁww&nnsaﬁsﬁ"m’hﬁw%q yauz sl Souseaudids
Y8aUsUlAMEINTAlEINIIA1AT withitee3insyilnZeuseadmdefituunduwuuuauvinbudilidanensed
TndlAgsiuA1ase (Figure 3) ﬁﬂﬂfuwliﬁﬂ‘lﬂ’]Lﬁ"&l?ﬁUﬂ’l'ﬁWEﬂﬂiﬂngﬂﬂ‘%’;ﬂﬂdﬁﬁﬁ]’ﬁmﬁ%ﬂﬁwmﬂiaj‘ﬁﬂa’mﬂa’la Wi ole
ﬂiamqméffgLLuuwmmaiﬁmmxau nansAnuilaenndasiu Keerativibool (2016) Ainuin3snisvinldideuseand
MdsfiTuunliunvuuauianumanzauuiniian uiliaenadeady Riansut & Nisan (2017) uag Riansut (2019) 7
Wudﬁﬁﬁaﬂ%—wuﬁuéﬁmmmmzaumnﬁqm waglilaonadasiu Riansut (2020) finuinidnsvinldGeuseiant g
%aﬁumaiwumnﬁmwmmsaumﬂﬁqm awLﬁmmmﬂL‘i‘;lumﬁﬁﬂm%'a;gaﬁmﬂisLﬂmﬁ’u
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Figure 3 Comparison of the export quantity of fresh or chilled fish and its forecasts

during January to December 2021.
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Abstract

The objectives of this research were to investigate the way of being a farmer, the type of farmer, and
the outcome on oneself and organic farming society of the new generation farmers. Twenty model farmers of
the new generation accepted by organic farming community were studied using a qualitative research method
with primary and secondary data collection. The results showed that there was a significant in growth rate of
both area and number of agricultures during the years 2011-2021. These results are in line with the government
policy of the Organic Agriculture Strategy 2017-2021 and the (draft) Organic Agriculture Action Plan 2023-2027.
The factors that encourage the new generation to do more organic farming are push and pull factors. Nine
patterns and two types of organic farming are in line with the way of life, needs, and goals of the new way of
life, with the new generation of farmers having a way of farming throughout the supply chain based on organic
farming business ecology, and upstream, middle, and downstream. The new generation involved in organic
farming showed both concrete and symbolic effects. The concrete effects are: 1) The economic dimension is
reducing expenditures and having income from both primary and supplementary sources. 2) The health
dimension is physical health, mental health, and social health. The symbolic effects are: 1) There are a change
and expansion of the meaning of the word farmers. 2) The image of farmers is promoted. 3) There is support
from various sectors, both public and private sectors, and 4) raising awareness to consumers on living a good
life with "food".

Keywords: new generation of farmers, business, organic farming, agricultural supply chain, communications
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Table 1 Motivation for the new generation to do organic farming
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Figure 1 Pattern of new generations farmers entering the way of organic farming
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Abstract

This research aimed to study the utilization and economic evaluation of Sago Palm in Nakhon Si
Thammarat Province. The research study covered a total area of 9,942.502 square kilometers of wetlands. Data
were collected by interviewing 272 families that utilized sago. First, the data were gathered from the utilization
of sago palm by the villagers for consuming and selling. Second, the quantity of sago palm collected was
evaluated for economical values. From the study, it was found that villagers can use most parts of sago palm.
For example, the use of leaves, petioles, and barks for the processing of tools whereas leaves, petioles, barks
and stems are utilized for foods and animal feeds. Sago leaf is found to be the most utilization part. For
economic evaluation, the turnover rate in the area was 24,201,272 baht per year, the total cost was 2,968,647
baht per year, and the net value was 21,232,625 baht per year. The average cost was 78,061.15 baht per person
per year. Therefore, this research study can reflect the value of the sago palm, and the villagers should be
aware of this value in order to promote the sustainable utilization of sago palm.

Keywords: sago palm, local plant, economic evaluation, Nakhon Si Thammarat province
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Figure 1 The survey recorded the distribution of sago palm in Nakhon Si Thammarat Province.
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Table 1 The characteristics of direct use of various parts of the sago palm.

Total Quantity Household Average volume (Unit
Part of the sago palm Unit
/Year)

Household Percentage
1. Leaf kilogram 241 88.60 3,768
2. Petiole meter 43 15.81 3,917
3. Bark meter 11 4.04 510
4. Stem meter 210 77.21 188

Remark: The numbers in the table are rounded up to an integer (except percentages).
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Table 2 Income from sago palm utilization.

Average Average Total
Part of the . . . Average volume . Total Income
sago palm Unit Price/Unit unit) Income Quan.tlty (Baht/year)
(Baht) (Baht) (unit)
1. Leaf kilogram 14.36 3,768.24 54,111.88 908,145.00 13,040,962
2. Petiole meter 3.50 3,917.01 13,710.00 168,431.42 589,510
3. Bark meter 45.45 510.00 23,179.50 5,610.56 255,000
4. Stem meter 261.79 187.64 49,122.85 39,404.86 10,315,800
Total 24,201,272

Remark: The numbers in the table are rounded up to an integer (Except the price).
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Table 3 Total cost of the sago palm utilization

Average Costs/ household Total Cost
Tools
(Baht/ household /Year) (Baht/Year)
1. Knife 8.16 2,220
2. Big knife 67.45 18,347
3. Saw motor 503.50 136,953
4. Cleaver 2392 6,507
Total 603.03 164,025

Remarks: The numbers in the table are rounded up to an integer.
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Table 4 The amount of labor and time required to utilize the sago palm.

Total Average labor/ Average of Total of Minimum Total
Part of the . ) . .
Quantity time time time wage Wage
Sago palm )
Household (Person) (time per Year) (Hours/Year)  (Baht/Hour)  (Baht/Year)
1. Leaf 241 3.83 44.12 40,752.00 37.50 1,528,200
2. Petiole 43 1.00 3.20 138.00 37.50 5,175
3. Bark 11 1.00 73.09 804.00 37.50 30,150
4. Stem 210 2.50 56.67 29,754.24 37.50 1,115,784

Total 2,679,309

Remark: The numbers in the table are rounded up to an integer (except for the minimum wage).
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WinAu 150 umreAusal LLazﬁmLﬁuyjamﬁu’wm Windu 31,557 umsiel Lansa Table 5
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Table 5 The travel cost for the direct utilization of the sago palm.

. Travel costs . Average
Part of Total Quantity Minimum Total
Average Sell Cost Waste
the Sago Household S wage of time Travel costs
D . im
palm collection time time (Baht/Hour) (Baht/year)
(hours/year) (hours) (Baht/Hour)
1. Leaf 241 7.79 - 37.50 292 70,416
2. Petiole 43 7.69 - 37.50 289 12,416
3. Bark 11 26.48 - 37.50 993 10,924
4. Stem 210 4.00 - 37.50 150 31,557
Total 125,313

Remarks: The numbers in the table are rounded up to an integer (except for the distance used by the car walk time and

minimum wage).

1NNSANT WU dmsusununialdategeaalunuifeifie AunuAULTNY IsIEaaUnNIINYITIUN

Tdusglovdanduaigauailaiig 4 Faunadaldszeznalunsiiumasudinnu vieesildia 6 9alus dduneui

gapndudou sedamnfie Anfunng Jsdaansseznnantiuiiaeadiiium swsseznislunisvuds lnenisiauil

Tngaulugiiumannuuasiiud ldlnasintruunidn ililisedgligannin wazduvuidsiededesiianfon

gunsal szsanadliuntn Yseneuduaunsaldaunsalen q duld FeidedenldisnsAuanduiieaiuanide

Y94 Jarlyapong (2009) Fsl¥n1sAnAuiasiuuaInaAIgunsal Ay uazAdeatunnaunig uazATeINGs U

wansineiu fie MsfndwIniuuAUnsal MhumwanduduyueigunsaluasiinisAinFuinienaAndomnds wiu

Fuil fIdulidlafunndiureseigunsalai szgndiulildldeunsalifieiiumvesdslatuiiesegiaies wu wih

20U Uavkioy YU uiinsldsuiuiunsldusylovdlududu o vesuaname

wargnsninannslduszlevi

yargnsinannsliusslesinnsmesiuain aunsadmumaldnnyasmianueadadunegldsuvessiuangi

1y < PG ¢ & | & o 1 v a & o a a i a
sljﬂv’]um‘UWILWE]I%IU‘?%IEJSU‘LJWG 4 d7u ﬁ]r]ﬂuuuqiqEJvLﬂﬁ']llLLagmuV‘]uﬁ’nJlUﬂ@Lﬂuﬂqliqﬂﬁwﬁaiﬂaﬂqqﬂﬁ
(Mingmaneenakin, 2010) Wanis4 Table 6

Table 6 The profit from the utilization of the sago palm.

Average Income/household

Total Income

Incomes and costs /year (Baht/Year)
(Baht)
1. Total Incomes
1.1 Total Income of leaf 47,944.71 13,040,962
1.2 Total Income of Petiole 2,167.31 589,510
1.3 Total Income of Bark 937.50 255,000
1.4 Total Income of Stem 37,925.73 10,315,800
Total 88,975.25 24,201,272
2. Total Costs
2.1 Total cost of tools 603.00 164,025
2.2 Total cost of wage 9,850.40 2,679,309
2.3 Total cost of travel 460.70 125,313
Total 10,914.10 2,968,647
3. Profit 78,061.15 21,232,625

Remark: The numbers in the table Rounding up to an integer.
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Effect of Substrates and Nutrient Solution Concentrations on Growth and Yield of
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AdeiiiagusrasdiiteAnwviinvesianugnuazsziunnududuvesasazassinensdensiaiauivle
wagnandnveanszuluszuunisugniiglagldldiu 1eununisvnasauuu 2x3 Factorial in Completely Randomized
Design d1uau 5 91 el Yadufl 1 Ao vlintanugn Thun geuend uazniuueni12du warlladod 2 Ae seduaw
Wuduresansara1us19eImIs Ik EC 1.00, 2.00 war 3.00 mS/cm L’?MﬁwLﬁuﬂ15‘1/1fﬂaaﬂmﬁaumﬂgmuﬁq%’mmu
.. 2564 31NN1INARBINUTT FnvesTanUgnuasseauauduturedasarales1nemHon1sas yiulaLag
NAKANgTIgN ﬁaﬂsmmﬁﬂqﬂim&Jslfffﬂmmw%ﬁaé’ﬂﬁ’ﬁmﬁﬂﬁuqqﬁqm Wiy 256.00 nSu/A sgAUAT EC 3.00 mS/cm
Tdurudugaian witfu 21.30 du/nszans uagdvdnadiusenineiade wudn nszauivgnlnegldnusenindud
36U EC 3.00 mS/cm Iﬁﬁwuauﬁuqaﬁqm WA 23.60 Au/nIr009 m"’ufumsﬂgﬂﬂimwmﬁ'awﬁwﬂama msdanlag
T¥nungwiduiissiu EC 3.00 mS/cm ddlvinamsiatquivlauazrandnveinszufiign
Adfiny: N3z TanUan ansazanesinemng svuulgniivlaglalldaiv

Abstract

This research aimed to investigate the effects of the substrates and nutrient solutions on the growth
and yield of cardamom in soilless culture. The experimental design was 2x3 Factorial in Completely Randomized
Design with 5 replications. First factor consisted of coconut coir dust and coconut husk chips and the second
factors were 3 nutrient solution concentrations; EC=1.00, 2.00 and 3.00 mS/cm. The experiment was carried out
during July to December, 2021. The results showed that cardamom grown using coconut husk chips with nutrient
solution concentration of EC= 3.00 mS/cm yielded the highest plant weight (256.00 g¢/plant) and the highest
number of plants (21.30 plant/pot), respectively. For the analysis of interaction effect between substrates and
nutrient solution concentrations, it was found that cardamom grown by using chopped coconut husks at EC
3.00 mS/cm gave the highest number of plants (23.60 plants/pot). Therefore, to produce shoots for sale,
cardamom should be planted using coconut husk chips at EC 3.00 mS/cm in order to obtain the best cardamom
growth and yield.

Keywords: cardamom, substrates, nutrient solution, soilless culture

AN
nszu Wuiiviidnegluisd Zingiberaceae (adliafuda 41) FTeinenmans Amomum testaceum Ridl.
(Phutthisa, 2020) Juitwdugn Tdduegldnusendy “wnin” %au%uagimuﬂwﬁﬁmm%ugnLLazﬁvLﬁLijﬂﬂqu YoUTY
Tuiisum3elddlsl (Pruangprach & Jintana, 2018) Tutsgimanunszusnluniald waudmingsiugis1d afs szan
Us132a WazUsEaIuATTus uazaanzTusen uauAeEAN Lazaszull Smindunys Fdudminduny3 ide
Fondn “nsznudud” Wunszrwdifinunndiige naflvuinlig fhuinann wiasaiadou wasindunouuss Jeou
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THhdundounausenouems M’%@iﬁiﬂugﬂﬁﬂﬁwamsma WHINAUDIMIS uazlAIBIANAne q auddliudunannes
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mi@jmﬂﬁwadﬁwmaﬂqiﬂa LLazLa§mqw§ﬂ1§ﬁ1mu@usgﬁuﬁsdastLumiamizﬁmfﬁmaMGm (Changthom, 2019)
nsznuiaduividifymansvgiasvesiminduny3 winumsnsdawdnnszan Iedlifismenonnudonisves
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nandRfilisnfuarguindedent sinfivaunsonssnedlivilutandgn lifasfidufivdody livinufigenty
asaraEsInoIMT warawusiliugn iluuvdsarauveadelsauaiias uagdsanunsnfdalsauasunadld Yanly
Useinelneflogdoiuvarseiin hun yougnin nungnindu fudunau nsne nvn iudu Uitsatta & Rassami,
2019) wenaniinisUgnnszudsdesisdasfuanututuresasazaissinewns TnsaeneglugUvesainist
i1 (Electrical conductivity : EC) inuaatfuliaddmudrsizudiuns (mS/cm) (Wu & Kubota, 2008) 61a1n1511
IWﬁWQW?am"’m’hﬁ azdmansynuluduauiuitlunisiesgivln erainaudufivdedy wazvildduudes
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Tsnsnslithvesiinullegnaiaue uavananudesdenisumivesiia (Thongket, 2012) fwiunsnaaoendei
Fsfl¥mguszasd ieAnuviavesianlan uagssdunutuduamsazaissinemsinzay don1sugnnszauly
sruumsugniinlaglalifu odumsmilituineasnsludmiadunysidenianusilalundnnszamidunisin

ABn1sAnEN
UNUNIINARBILUY 2x3 Factorial in Completely Randomized Design 371u7u 5 1 Gaiidadeit 1 Ae viln

Sanugn 1un youznin uaznunenddu uasdeded 2 fie seduanududuvesansazanssinerms leud EC 1.00,
2.00 uay 3.00 mS/cm sudunmaassiinazimaluladnisinuns uinerdesvigiilimssdl ludeunsngiauds
FuaN w.e. 2564 A1glulsausounatafinuuin 6x12 M519URT namLssenatainagulsaseudauul 200
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Wt 10 wWedidud Tunsusuan pH vesansazatesne s Tiadosine pH Meter uiaiasindananunse-sins
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Figure 1 Cardamom planted in a soilless culture, 20 weeks after planting.

HaN1ANYILeLIRTTal

N15LASYLALIALATNANEAYDINTEIY

mnmsisuifisusiavesianUgniidssadensiaivinuasnananvesnszuluszuulaldau Weduannis
yaaos nudrunszuiivgnlutanmusendnduidntngu (256.00 n$) nnditangensning (211.13 n3u) e
Wisuieuneadd wudn denuuansrsiuegadvedidgmneada (P<0.05) (Table 3) Ararudnin-ansvesianuan
WUINULENFEU (pH 5.90) TAmnnningenznii (pH 5.05) ilelTeuifisunsada wui fauuandisiuoeisd
tfadAyn9afin (P<0.05) (Table 3) daunrutuvesianuan wuiriangeusnin (4567 wWesidus) dewnniniy
UgN31dU (38.01 Wesidud) WaiFeuifisunieada nud Senuusnsnaiuegnaituddymneadi (P<0.05) (Table 3)
dosmnmungndmdudutandiguildviunats vunedld 13 wufwes dnsuanivdeulssags Weshuauaums
danesn AuruIRUEsILiewien dnunsaaanefale (Nuntagij et al., 2014) 5‘?&L‘ﬁwumﬁmmxauﬁ’umiﬂqﬂmm’m
Tnednuarnaasyiulmensynuaseutangniifnnutugs udliuazauAuly (Pruangprach & Jintana, 2018) &3
Fannuugnddulianunguroudisgs winduldvildnszanuaiydulauasnandnfiniigeuzning waznuinnug
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dussiuauduturesmsaraesmemsemasiyiulauazsananuesnsenulussuulilday doduas
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216 MFASNYATNTEIBUNGT 2567 : 42 (2) : 212 - 220

Ariuidealy anuenafiuly Swauly dmdindusa/nszan Aanudunse-dmesianuan uasmnnduvesTagugn
wuldinnuuanaeiunieada (P>0.05) (Table 1, 2 uag 3)
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UEW51IFU + EC=1.00 mS/cm wagn uugns1Idu + EC=3.00 mS/cm (116.80, 113.40, 108.60 kay 91.20 LouURLUnT)
AEIRU uazAmgsFuAidaosfignie yeuzni1a + EC=2.00 mS/cm (83.00 wufuns) WeiFeuifisunaada
wuin fienuuandnaiuegisiitoddnymisedia (P<0.05) (Table 1) daumnunidluiiugnlagldianugnnuuznindu+
EC=2.00 mS/cm $iA1gean (10.60 wwufuns) sosasunfedanuaneugnsn + EC=1.00 mS/cm, Yeueni1i+ EC=3.00
mS/cm, NMUNENIIIFU + EC=1.00 mS/cm wagqeueni1g + EC=2.00 mS/cm (10.33, 10.10, 9.70 wag 9.60 wulins)
muddy wazarmnhisluifidriesiianio nmungni1ndu + EC=3.00 mS/cm (9.20 isufiang) WewIouifisunsada
WU dauanaeniueegslitdediAgnieada (P<0.05) (Table 1)

wuianueluiivgnlaelifanuanyeusndn + EC=3.00 mS/cm fAngean (34.70 wufiluns) s99a3unfe
Tanuanyeueni1 + EC=1.00 mS/cm wagnuugnsIdu + EC=2.00 mS/cm (31.10 wag 31.00 WUAWAT) ALERTY
LLazmmmﬂUﬁﬁaaﬁqmﬁa NUNENIIIFU + EC=1.00 mS/cm, NMuneni1du + EC=3.00 mS/cm Uageslsnii+
EC=2.00 mS/cm (28.80, 28.70 way 26.40 wuiwuns) suasu wWowSeuiieunieads wuin dennuwandisiuegied
Hod1Agn19ada (P<0.05) (Table 1) muméwﬁuﬁﬂqﬂimaiﬁé’f’;’aqﬂgﬂmumw%ﬁaﬁu + EC=2.00 mS/cm dlengaan (15.74
fiadiluns) sesa0NnAsTanUgnyeuEn31 + EC=3.00 mS/cm (14.00 fladiuns) uazwunadduiitesiigafo yeuznin +
EC=2.00 mS/cm (11.19 fiadwns) dieiUiouidisunisadd wuin danuwanaeiuegiefitodfynieadf (P<0.05)
(Table 1) daumnueniuluiivgnlnelifanugnyssznin + EC=3.00 mS/cm fAngean (37.50 Loufiuns) 509891
AaTanUaneueni1i + EC=1.00 mS/cm (33.50 \wufiuns) LLazmmanﬁwﬂuﬁﬁaaﬁqmﬁa AMUNENI1IEU + EC=2.00
mS/cm, AMUNENS1IFU + EC=3.00 mS/cm, NMMUNENIIIFU + EC=1.00 mS/cm Uagyeugnsn + EC=2.00 mS/cm
(32.80, 31.90, 31.50 waz 29.90 wufiuns) Auay Woideuifieuneada wuin danuusnesiuesnedfedifyni
a8 (P<0.05) (Table 2) uagnuinanudenly s1ualu swaudy dundndu divdndusiusonszans Aranudunse-
ﬁwwadi’aﬁlﬂqﬂLLazmw%usuaﬁaqﬂqﬂ wuldinuuanaAeiuniead@ (P>0.05) (Table 1, 2 uag 3) WANUINNIU
UEN5198§U + EC=3.00 mS/cm ﬁaﬁ’wmuﬁuﬁamzmﬁqqﬁqm (23.60 AU/NTEAN) ?jdﬂﬁwmaaamsﬂaﬂmsmwﬂumzmq
wanafin nuidsunuduiifiviinasnnusvuadidurensyuarlidesnginn uwazdvunasdulvefasdisiuiugu
oy Lﬁmmﬂmsﬂaﬂﬁﬂmalﬂiﬂ?’ﬁuawuwsaﬂaUﬂuaﬂwwLL’mé'auU%nms*mﬁ% wazivausanalisinemisiaegnadl
‘Uiuﬁ'VIﬁﬂ']W wﬂwaawamawawamLLavﬂmmwmaa‘wm (Uitsatta & Nuchnuanrat, 2021) suamumnwwﬂuwmmamamﬂaﬂ
wumwmum Nuisudls LLaummsaUamwawawuam&ﬂéﬁmhmLﬂumadmuwuwmmumw 218 500-800 A5 Ty
U L,memaqmﬂmaﬂmam‘wamuLuammmmmﬂﬂwqudrm'iwm 500-800 Lums De9ze8NABA mmiﬂqﬂﬂsmmma
wAmmiowelussuulildAuty annsaugnuasiuiiealdnaeaiad nisugnnssnulaelalldfuasnutymiFoaiui
1oy LﬁadﬁnﬂL‘T;JusxwﬁmmaamuaumﬂﬁﬁgﬂLLazﬂ&JiﬁaehdﬁUizﬁw%mw
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Table 1 Effects of substrates and nutrient solution concentrations on plant height, leaf width, leaf length
and plant diameter of cardamom in soilless culture

Treatments Plant height Leaf width Leaf length Plant diameter
(cm) (cm) (cm) (mm)
Substrates (A)
Coconut coir dust (CQO) 104.40 10.01 30.73 12.90
Coconut husk chips (CH) 109.00 9.83 29.50 13.69
F-test ns ns ns ns
EC (B)
EC=1.00 mS/cm 112.70 10.02 29.95 13.57
EC=2.00 mS/cm 105.10 10.10 28.70 13.46
EC=3.00 mS/cm 102.30 9.65 31.70 12.84
F-test ns ns ns ns
(A x B)
Coconut coir dust + EC 1.00 116.80 10.33% 31.10% 13,51
Coconut coir dust + EC 2.00 83.00° 9.60°° 26.40° 11.19°
Coconut coir dust + EC 3.00 113.40% 10.10%° 34.70° 14.00%°
Coconut husk chips + EC 1.00 108.60%° 9.70° 28.80° 13.64°%
Coconut husk chips + EC 2.00 127.20° 10.60° 31.00%° 15.74°
Coconut husk chips + EC 3.00 91.20% 9.20° 28.70° 11.68™
F-test * * * *
CV.% 23,51 8.15 11.60 13.48

" Non -significant

* Significant at (P<0.05)

X Different letters within a column indicate significant difference at (P<0.05) by Duncan' s new multiple range test

Table 2 Effects of substrates and nutrient solution concentrations on leaf greenness, leaf stalk length,
number of leaves and number plant of cardamom in soilless culture

Treatments Leaf Leaf stalk Number of Number
greenness length leaves plant
(SPAD unit) (cm) (leaves/plant) (plants/pot)
Substrates (A)
Coconut coir dust (CQO) 59.69 33.63 15.07 18.27
Coconut husk chips (CH) 57.81 32.07 15.00 19.60
F-test ns ns ns ns
EC (B)
EC=1.00 mS/cm 59.30 32.50 15.00 16.80°
EC=2.00 mS/cm 55.88 31.35 15.20 18.70%°
EC=3.00 mS/cm 61.08 34.70 14.90 21.30°
F-test ns ns ns *
(A x B)
Coconut coir dust + EC 1.00 61.06 33.50% 15.20 16.80
Coconut coir dust + EC 2.00 55.58 29.90° 15.00 19.00
Coconut coir dust + EC 3.00 62.44 37.50° 15.00 19.00
Coconut husk chips + EC 1.00 57.54 31.50° 14.80 16.80
Coconut husk chips + EC 2.00 56.18 32.80° 15.40 18.40
Coconut husk chips + EC 3.00 59.72 31.90° 14.80 23.60
F-test ns * ns ns
CV.% 15.34 10.11 11.48 19.82

" Non -significant

* Significant at (P<0.05)

X Different letters within a column indicate significant difference at (P<0.05) by Duncan' s new multiple range test
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Table 3 Effects of substrates and nutrient solution concentrations on fresh plant weight, total plant weight,

pH of substrate and substrate moisture of cardamom in soilless culture

Treatments Fresh plant Total plant pH of Substrate
weight (¢/plant)  weight (kg/pot)  substrate moisture
(%)
Substrates (A)
Coconut coir dust (CC) 211.13° 7.22 5.05° 45.67°
Coconut husk chips (CH) 256.00° 6.54 5.90° 38.01°
F-test * ns * *
EC (B)
EC=1.00 mS/cm 220.70 8.38° 5.57 42.16
EC=2.00 mS/cm 257.80 6.80° 5.42 40.39
EC=3.00 mS/cm 222.90 5.46¢ 5.43 42.97
F-test ns * ns ns
(AxB)
Coconut coir dust + EC 1.00 180.40 8.67 4.96 47.26
Coconut coir dust + EC 2.00 230.40 6.53 5.12 43.26
Coconut coir dust + EC 3.00 222.60 6.46 5.06 46.48
Coconut husk chips + EC 1.00 261.00 8.09 6.18 37.06
Coconut husk chips + EC 2.00 283.80 7.07 572 37.52
Coconut husk chips + EC 3.00 223.20 4.47 5.80 39.46
F-test ns ns ns ns
CV.% 20.02 16.13 8.81 9.97
"> Non -significant * Significant at (P<0.05)

* Different letters within a column indicate significant difference at (P<0.05) by Duncan’ s new multiple range test

(CC1) (CC2) (CC3) __(CHY1) (CH2)

Figure 3 Comparison of substrates and nutrient solution concentrations on yield of cardamom in soilless culture.

(CC1) Coconut coir dust+EC 1.00 mS/cm, (CC2) Coconut coir dust+EC 2.00 mS/cm, (CC3) Coconut coir dust+EC 3.00

mS/cm, (CH1) Coconut husk chips +EC 1.00 mS/cm, (CH2) Coconut husk chips+EC 2.00 mS/cm and (Ch3) Coconut husk
chips +EC 3.00 mS/cm
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dunulunisudandanszaulussuudgnivelaglyldfu

sunulunisudsmiensenuiindslussuugniiwlildfulnelFianugnniuneninduiissivanududues
A1988a18517)91115 EC = 3.00 mS/cm ﬁuﬁ 1 Im'%auﬂgﬂsumm 6x12 LA ﬁmmqa 31095 IIUIU 5 403 waaE 20
N304 mmmﬂgﬂlﬁﬁu’wm 100 n3za19 9 az 1 du Lisauauss Inendonsenudmsuuilaaisiaiiy 10 vin/mie
(Thongkham, 2020) Fsluszeziaa 1 U aansaugnld 3-4 seu/d axleilsgean 19,190 vmAsaFeu/seutgn
(Table 4)

Table 4 Cost of planting cardamom in area one greenhouses (6x12x3 m®)/planting cycle/100 plants

Treatments Drip Green  Substrates Fertilizer Number Compen Profit
Irrigation  houses and planting and seed plant sation (baht)
(baht) (baht) container (baht) (plants/  (baht)
(baht) pot)
Substrates (A) X EC (B)
1.00 250 1,700 160 1,300 1,680 16,800 13,390
Coconut coir 2.00 250 1,700 160 1,800 1,900 19,000 15,090
dust 3.00 250 1,700 160 2,300 1,900 19,000 14,590
1.00 250 1,700 160 1,300 1,680 16,800 13,390
C h
oconut husk 5 oo 250 1,700 160 1,800 1,840 18,400 14,490
chips
3.00 250 1,700 160 2,300 2,360 23,600 19,190
ayUnanIsANeD

nsUgnnszaulussuuUgnladldiy - aslidanugnniunewdnduiidssivmnududuvesasazanssineorms
EC= 3.00 mS/cm dswasionsiaigiulnnaznandnmionszauiiign tnefldnusugedian 23.60 fu/nszans Ssannsa
vinlslégeandl 19,190 vinAsaTew/souugn lunsuasmienseuiiovioidunsild Fanwasnsanansathanusly
Uszgnallunisugnnsznunels annsoifuifemananldnaont

AnRNIINUIZNA

YOYDUAMTBIMANTIANTE BnSauns dunia Anganliddsneannug wuzdy uasdeduuzlummeaes uay
YoroUAMANTLITBLATTAIL U Inendesivdigsinnssdl lunmsatvayuyuide Ussdnteudssann 2564
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Effects of Chitooligosaccharide on Growth and Yield of Lettuce (Lactuca sativa L.) cv.
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UNANYD

Anwmavesanslalaledlnuaanilsea (COS) AonsaTeylAulALAZHANARYRINNAAANTUADE ITILHUNITVAADS
UV 3x2 Factorial in Completely Randomized Design (CRD) lnefnwl 2 Jady Ao ﬂﬁ]ﬁﬁlﬁ 1 @15 COS ANILTILTU
1,2 uay 4 finaansreans uaz Jo3u7 2 szevinainslials COS VN 7 wag 14 Tundslgn saududsuatuay (Wl
anslalaledlnuananlse) $1uau 4 91 wan1sMnaes wuinnslians COS §ns 4 fadansdeans Wun 14 U dealv
13'mﬂ’ﬂaﬂsumﬁﬂaé’mﬂ%uﬂaaqdﬁqm 134.78 n¥u upne1aiunsiians COS 8nsn 4 faddnssiadns Wunn 7 9w n1sli
4135 COS 8091 2 Uaddnseedng Wuyn 7 uag 14 Tu uazn1stians COS 1 dafdnssednsniunn 7 uaz 14 Tu audiy
vaugiimslallifars cos Thihminantosiign 91.87 n3u
Adasy: lelaledlnuaanilsd Anadaniunea nande

Abstract

The effects of chitooligosaccharides (COS) on growth and vyield of greencos salad were studied. The
experimental design was 3x2 Factorial in Completely Randomized Design (CRD) with 2 factors: Factor 1 was
concentration of COS at 1, 2 and 4 mUL and Factor 2 was administration of COS at 7 and 14 days after planting
together with the control (no chitooligosaccharides) using 4 replications. The results showed that COS
administration at the rate of 4 mUL and spraying every 14 days gave the highest fresh weight of greencos salad
(134.78 ¢) when compared to COS at the rate of 4 ml/L and spraying every 7 days, COS administration at the
rate of 2 mUL and spraying every 7 and 14 days and COS 1 mUL and spraying every 7 and 14 days, respectively.
The control (no COS) gave the minimum fresh weight of 91.87 g.
Keyword: Chitooligosaccharide, Green Cos, yield
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nteyanadisansiUAsuLamIsnsinung w.e. 2561 wuiUssmelneiinsvihnisinensiedu 6 d1usne
Tngunugvhnsinunsvesssmelneluld 2561 hiutuand 2556 Andufesas 1.10 uasdinisugniteinuazayulng
Anfufesas 6.20 (National Statistical office, 2019) luilagiuguilaeldnsemindsnuddgyesnsiiquawiiiuas
ﬁ’uuﬂﬁiﬁ]@juaqmmwﬁ’ummﬁu paonIuNSdensuUsemuemsfiuseannsldasiaiilunszuiuniswds Q’U?‘Emﬁ
fnaunmiindouiuuszmuinuilaranuazdniulududwlngfidiuldisuteade dnade Anadaniuaea (Green Cos)
Foinermns Lactuca sativa L. \Jusinadaulaniaifoniuussnuan (irakiattikul & Saelim, 2009) fiyaisuiisani
wuuaglviauidnnseuun damaimelaruinisasusenaumiednndiue Fniufuagianfidvsunanluniunea
swudslnunai@oy upadounazivuan e?fqLﬂuLLi'ﬁmﬁﬁ?hmhaiuﬂﬂivi’ﬂmumawwusi'mﬂ aelusname uenanniids
wngdmsudideanseuauseduihmaluden esnivsimanilulemsmsin naesaursluFesnistudiemes
fusinalrluedas tuldinnsursaduinadaifussloviognaunn (Anonymous, 2017) Iasdulsznevvesinadnni
upeaiuiis3esaz 95 maa‘fmﬁ’ﬂamLLaxé’J’qLﬂuﬁmﬁﬁaqﬂWiﬁmmmﬂummﬁmlﬁﬂm Tutsinuiigalagianzegnads
siglulasiauithllfluduveanisadaAulamdly (Brady and Weil, 2008) wilunszurumsnsnaadudsdiamil
ddgyedunfednadaillsakazutaidniiod1viargduauuin danaliinandnansn nandnluldnunimunsgiu
(Srisathit, 2015) Vibiinumsnsdedldasaiilunisidalsasazuuasdnindudiuaun uinisldaseddnneliiin
asfwandg Jadusunmesofuilnauazdaundon wazilonandunnlughing wienes snsdadunsuidemil
Uanewmn ﬁqﬁLLmﬁmmm%wqﬁﬁuﬁ’ﬂﬁﬁ%mﬂiﬁﬂLLazLmaaﬁgwiﬁuﬁu viefisenin “Sadudiv” Tneldlalnledlnusan
156 (chitooligosaccharide) Faiiuansiannsagesaansine lifisunmeseinvnsnsuaziuilaa fluanavueiidnndn
Unnlufiwialy annsagedudngeadfivldegnasnds fvaunsothluldusslovildviuiiduasinanainsssumilsl
AeliiAnsunsesedundeon azasldmlunsadunidiioas (Green Innovative Biotechnology, 2016) fifnenimnly
nsfudafanssuesqaunisielsn (Ramirez et al, 2010) fansfivroriidnuuasdngfis (Rabea et al, 2003) LHudadn
tnsmevauevesUfizeinalnnistestuiivesiia annsovelifufiulssansamlunisdnlusiuiiasuate
afifuiu wSuadenuudwsslitunlagadvosiivdmwaliann didu Aaazluvesiialviauudusanniu Heduiy
HANAAAUUTU LT AN INYBINY ﬁwiﬁﬁmmmﬂaamﬁ’aLLﬂ'r{{wamLLﬁs@U%Inﬂﬁﬂﬁgﬁé’aLﬁumsamﬁunummﬁmaq
LAYATAT Iumﬁ%‘”amsmﬁiumiﬂmﬁ’uﬁﬁﬂiﬂuazLLuaqﬁmgﬁ%LLazL‘“ﬂﬂ;ﬂﬁﬁﬂ%ﬁ@ﬁi@%&?@é’@ﬂ@ﬂm”’JEJ (Piyasirananda,
2002) ﬁdﬁumu%%’mﬁﬁi’mqﬂigaaﬁ Wofnwiaandutulagssoznaniimungay denisldans cos lunsugninada
nIuADE

A5n1sAnW

Mawrun1snaaesiaedl 2 Yade loud Jaded 1 fe Usumsvesanslalaledlnuanailsaiildannu tneld
asazaslalalodlausaailsddniasy oouds® vosuidn ndu uluniiv lulowalulad $1fn §091 1, 2 uas 4
fladansseth 1 ans Jadei 2 fe ﬁwmu‘?uﬁi%’ﬁmﬂunﬂ 7 U8y 14 U MNAUNUNITNAaBILUU 3x2 uilAnalsua Factorial
experiment in CRD (Completely Randomized Design : CRD) sauriusnsuaiuau (lalianslalaledlnuannilse)
U 4 uag 7 Fduneans fedl
fsunmanadi 1 lullsians Cos
fsunmaeadl 2 a1s COS 1

o

fSUnmansdi 3 @15 COS 1

nssien 1 Ans Aaviumalunn 7 T
assien 1 ans Aanumislunn 14 Ju

1Y) -

A3unAaesN 4 a13 COS 2 Naddnseaul 1 dns danunislunn 7 Ju

o w -

f3uneaesdl 5 a1 COS 2 faaansAotn 1 ans Aaviumslunn 14 Ju
f3uneaesdl 6 a1 COS 4 faaansAotn 1 ans Anviunslunn 7 Fu
f3uneaesdl 7 a1 COS 4 faaansAotn 1 ans Aaviumslunn 14 Ju

mawssudund Tnensinswdainadansunealuninmnzwdaildainueasiuiy 1 wansenauluduau 2
079 SALUSIAS 1-1.50 AR Tvunniu Juaz 1 ads Bunan 7 u vié’qmﬂﬁguv‘hmﬁé'wﬁuﬂa’ﬁﬂqﬂadﬂizmwmm 8

& a v & a a v N a dgyva | a co & 1 a a Y & < v
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Usunadlulnsiauanun 0.11% (szefus) Usinamleanladaiifuusslowt (AvailP) 237.19 fiadnsusedlanda (svAUEs
1n) UTnalwunadesiinaniudsuls (Exch.k) 136,50 fiadnsusedlaniu (sefugann) wasUSinaudunieing 2.55%
(szAurautage)
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60 perwaldea uavtufinrat i

AiAs129iAUUSUTIY (Analysis of variance : ANOVA) uagiUSeuiiauauunnsnsaiadeseds Duncan’s
Multiple Range Test (DMRT) fiszsfunnndesiu 95% laglilusunsudniagy spss

Nan1sANWILazIvsal

INN1TNARDINAYBINITLAES COS IfﬂaLﬁaﬂqm‘i’ﬂaé’mﬂ?ummﬂuiwznm 5 é’ﬂmﬁwuiﬂmmqua%
sruluede LLazﬁmuﬂiwnLa?{amaqﬁmaé’mﬂ%‘umavgﬂ?qwmaaniﬂﬁﬂaﬁumefmﬁ’umqaﬁa (Table 1) n5l#a1s COS
9n31 4 Uaddnsdeding wuyn 14y Iﬁﬁwuaﬂma?{ammﬁqmﬁwmu 25.12 Tu waznslullians cos Irsuaulueds
ﬁaaﬁqm 23.19 Tu a'aummﬂﬁwmwjma?{aﬁl,l,uﬂﬁuLﬁﬁﬂ&ﬁ@lﬁﬁﬁ COS &n31 4 dadanssioans Wuvn 14 Ju (Table
1) fruthiinanedsvesinadnnsunea wuinisldans COS $ms ¢ fadansreans wunn 14 3y T minasadsun
ﬁqfﬂ 134.78 n¥u aaedildlans cos Wﬁmﬂ’ﬂamanﬁﬂaé’mﬂ"%'uﬂaaﬁa81‘7‘@@ 91.87 n$u druthwinuiaadsuesin
adansunea nuitlunnaisunisveaedlidinnnuuan1eiun1eE@da (Table 2) dudiunsiufdunussauiu wuid
Snsmsliuardurutuitlians cos sasiinasetninanvesinadnniunea Tnonnslians COS 8nsn 4 Tadansee
ans wunn 14 u iﬁ’ﬁmﬁfﬂamqaﬁqm (Table 2 uag 3)
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Table 1 Effect of use chitooligosaccharide levels on plant height, number of leaves, canopy width of Green Cos

at 5 weeks
Treatments Growth
Chitooligosaccharide Days Plant height Number of .
Canopy width (cm.)
(mWL) (cm.) leaves
0 24.61 23.19 24.81
7 24.90 24.44 25.94
1
14 24.26 24.19 25.25
7 24.91 24.37 25.56
2
14 24.18 24.19 25.06
7 25.04 24.31 25.69
4
14 25.57 25.12 26.00
F-test ns ns ns
CV. (%) 11.67 9.24 6 .42

"not significant.
Means in the same column followed by the same letter are not significantly different by DMRT at P=0.05.

Table 2 Fresh weight and Dry weight of Green Cos

Treatments Yield
Chitooligosaccharide Day . .
Fresh Weight (g.) Dry Weight (g.)
(mUWL)
0 91.87 ¢ 5.79
7 110.00 b 5.26
1
14 102.45 bc 5.02
7 105.2b 5.54
2
14 107.92 b 5.51
7 105.92 b 5.60
il
14 134.78 a 5.27
F-test * ns
C.V. (%) 18.57 21.35

*significant at 0.05 probability levels.
"not significant.
Means in the same column followed by the same letter are not significantly different by DMRT at P=0.05.
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Table 3 The statistically analysis of results by parameters combination of Green Cos on with day 7 and 14

in combination with volume 1, 2 and 4 mU/L

Parameters Plant height Number of  Canopy width Fresh Weight  Dry Weight (g.)

(cm.) leaves (cm.) (g)
Day ns ns ns ns ns
Volume ns ns ns * ns
Day x Volume ns ns ns * ns
V. (%) 17.53 17.98 29.79 18.57 21.35

*significant at 0.05 probability levels.
"not significant.
Means in the same column followed by the same letter are not significantly different by DMRT at P=0.05.

Figure 2 Fresh produce, each experimental thing.

nmsnasaamuTnNLgwy Sadlukasaunmssiivesinadaniuneatulifianuuensatunsads
agslsfmuiifedans wuinnslwans COS §nsn 4 faddnssiedns dnwunn 14 Ju Juwildulianugeiu Suauly
wazAunamssinresinadaniuneaunniinisl COs msndu iall a1s COS Vsgneudaslafiuuarlalney dei
AuanURlun1InTzAuNsRSyAulauaznandn (Kotsaeng & Chompusaen, 2013; Boonlertnirun et al., 2013) wag
Lﬁuﬁaﬂi’mlﬁ'aé’mwmm%mL@UIG] Uuanmaudmsumzdgnity ansadainezfuiiuiafuldinusonisgnaedns an
miivmwa\im am/]aauﬂummumumsﬂamﬂaaaLLiﬁ'm WAZAITOIMITIALANY (Khongthong, 2009) 39v1l1in1s
Wiyiuln thwinasvesinadaniuroauniian uenainilans Cos & iumsitannsndesanedis Muanavuadi
Enninhinlufiemaly annsagedudngwadiivldesnasniy fvdahluldusslovnilsuiiduamsindnansssunald
AoliiAnsunsenedwandon azanldmlunsndun3sidea1s (Green Innovative Biotechnology, 2016) ffnaanluy
mséfudaianssuvesqaunidielsn (Ramirez et al, 2010) flarsiivasidnuuasdngiis (Rabea et al, 2003) WWudadn
ihnsnevaussvesfAzenalnnistdostuivesity awsovaglifuiuuszaniaim lunimanlsiuiiaiuasie
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niifuiunwesld Mdufiunandadiuunaesaunn Peasuasrnuudusiiiundasaduesivilifisudus

U9
]

danalifsn ardu Awarluvesity Sanuudusanniy (Green Innovative Biotechnology, 2016) @autimdnuises
Anadnn3unea nudtlidanuwandeduniadfnndisunimeaes Faonnd 0t unN1INAaBIae Chakhatrakan &
Yenjai (2006) s1ea1uiinnsldansledlnlalneuiiinuauifderiuiulalalodlnuvaanlsdronisaiaiulnuasnanan
YosrnMAnen 5 seiuanududy lilnadennuguasanuniemsamy witinasrosunlusazividnan wileufunis
Wiens COS 8n31 4 fladidnssiedng wumn 14 Ju Iﬁ’ﬁmﬁ’ﬂamadﬁﬂaﬁmﬂ%ﬂaagaﬁqm

=
dyunanisAne
NNIANBINAVBINITIAENT COS DN YLAULRLAZNANERUBIRNAANIUADE WUTINTTLHETS COS 8RTI
4 fadansnedns viuvn 14 Ju iiminanvesinadnanIunoagiign
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o o

Jszdnd Jynatants

Jirasak Wichasawasdi'*

Received date: 29 l.8. 65 Revised date: 30 @.A. 66 Accepted date: 9 n.8. 66
DOI: https://doi.org/10.55003/kmaj.2024.08.16.011

UNANED

wilotandownsda (Nepenthes ampullaria Jack.) Wufiwegluasd Nepenthaceae Yaguu mdsegluaniig
L%ﬁﬁiﬂgﬁmﬁuﬁ: osnUisssurifanas ennaudsUTIL uazuafiv d’m‘i%’m’fﬁi’mﬂszmﬁlﬁaﬁﬂmwamad BA (benzyl
adenine) Giami%“ﬂﬁﬂﬁ'l,ﬁmLmaé’aﬁumsﬁnwﬁaLLmﬁﬂuameaam%a LL‘U'QLfJu 3 nsneaes fall (1) Mstmiliian
uAada lasAITNIY Laawammammﬁam MS (Murashige & Skoog, 1962) Ffia BA Avdudu 0 1 2 way 4 un./a.
TUUKHUNTNAGRILUUANaNYTa] (CRD) 41 4 dmnaesq av 10 §1 WnEEe LY 70 U WU 9IMIANT MS fLAu BA
AULTNTY 4 Un./a. mmmﬂmu’ﬂmﬂmL.maaaim‘wqm (70%) (2) M5t liueadanmudugen Immwwuaaumaaa
F881M15gAT MS LA BA ARmdudy 0 2 Az 4 un./a. 219UNUNITMIARBILUY CRD &1 3 Awnansq az 10 i
WELABIUY 45 S WU Lmaé’aﬁmiﬁ’@umLﬂuﬂamlwﬂlﬁmmﬁqm (19.7+0.3 gam) LﬁE]LW”ISLgENﬁ’JEJEHﬁﬁQGﬁ MS 7
T3idy BA waz (3) MmstmihliiAnsn lnmziasssenunn 1-2 HURLIATAIEBINITENT MS Ffia NAA padudiu 0
13 uway 5un./a. 330U IBA Aadudy 0 uwag 3 1n./a. 219WNUN1SVAGEILUY CRD § 8 AaMAasas az 10 %
wnzdsadunan 40 Su wui 91M3GNT MS Ffia NAA aadudy 1 un/a. 9uiu IBA anududu 3 un/a. fan
WigEuRon1STNLNELAASIA ﬁﬂﬁ’ﬁﬁi’wmuﬁmumﬁqm Wde 7.4+1.6 SINAaUEN
frddny: wietrmsounsds mzidsuilaife wrada wuSaesiidu

ABSTRACT

Nepenthes ampullaria Jack. or pitcher plant is a carnivorous plant in the Nepenthaceae family. They
are in danger of extinction because of the less forest area, volatile weather, and pollution. This study aimed to
investigate the influence of BA (6-benzyl adenine) on callus induction of Nepenthes sp. through In vitro culture.
The experiment was divided into three parts; (1) Callus induction; shoot of a pitcher plant were cultured on
olid MS medium (Murashige & Skoog, 1962) supplemented with BA (6-benzyladenine) at 0, 1, 2, and 4 mg/L for
70 days. The experiment design was completely Randomized Design (CRD) (4 treatments X 10 replicates). It was
found that MS medium supplemented with 4 mg/l BA proved to be a suitable medium for callus induction
(70%). (2) Shoot induction from callus; callus were cultured on MS medium supplemented with 0, 2, and 4 mg/L
BA (CRD, 3 treatments X 10 replicates) for 45 days. The highest average number of regenerated shoots (19.7+0.3
shoots) was observed on MS medium without BA. (3) Rooting induction; the young shoots, 1-2 cm in length, were
cultured on MS medium containing 0, 1, 3, and 5 mg/l NAA combination with 0 and 3 mg/l IBA for 40 days (CRD,
8 treatments X 10 replicates). The results showed that the MS medium supplemented with 1 mg/l NAA and 3

me/L IBA was suitable for root induction with the average of 7.4+1.6 roots.

Keywords: Nepenthes sp., in vitro, callus, benzyladenine
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AN

wilodandennsds (Nepenthes ampullaria Jack) \uiinfiuwuas agluana Nepenthes %dﬁﬂjaqaﬂf 1129 vl
ﬁwﬁﬂﬁﬂﬂﬁmiﬂ%’uﬁaLﬁdﬁ@gﬁi@ﬂiuamwLL’mé’amw%ﬂqm idulaldluunasiifismeimssn anmaunsa ﬁuﬁﬁuﬁw
21 Uy Unegme LLazzﬁImna%’wﬂULfluﬂszLﬂﬁwwﬁﬂ%’uLL:umLﬁa@ms’z’mmimmﬂumsLﬁ]%fytﬁuim (Sukamto et al,
2011) d@luginnszaredalulsueidensTussnidesls yonani finsnsganeiugluiane JusenvesUsemeduiie
FSAINT WIANAENTS MaWUlessUsinAeRdaLnsIaY (Charoenwattana et al., 2018) uaﬂwmmamwaau wazldidu
anulng Wy ussneIIndniay Ravtdsmes 8an1sle eansld wivanvies Yaessue Yonand nssseidaug
ﬁmﬂdmwﬁua”ﬁfﬂ (Sukamto et al.,, 2011) Tuuszinelne uade dulaiide An1slosuusymusazyivuunuly
Vioedu (Sapaeing et al,, 2020) ﬁﬂﬁmuwwuﬂumaaaaiuama Laaﬂﬂaamwuﬁ Luaqmﬂmﬁﬁimmmamaq 91N"F
wWUsUTIU Lazuaiy Lmewmummmmmmawuﬁimeﬂ%mam LLmuIaﬂwammLuamuaa Lummﬂmaﬂmﬂwua mamwmw
agAuazauiY dun1sveneiusuuuliodeme 1wy Indis mouds Faddnauunesilonadsation nsmnzidss
Lifal,?faﬁdjqLﬁﬁ%miﬁﬁwﬁzysluﬂ'ﬁwéméfuméJW'iwmﬁui IUsinannlusseznandy fuileuaiieaue Usiaanise
LLazmSwaL?TmLﬁalfiaszhﬁlamﬂzymm‘aé’ﬂaauﬁwﬁuvﬁaLszﬁ’uﬁjﬁi’wmuuWﬂaaﬂmmﬂﬂ’lﬁiﬁuﬂﬂa (Sukamto et al,, 2011)

fisrwnunisanwunedamzdsadedentoduseundddasldaslelnlaiu Idun BA snfrethadu n1s
\zides N, albomarainata Tagldanagen (shoot tip) wud1 ermsfiwanyaudensdniunada fo BA mnandudy
1 fiadnfuredns (Un./a.) $uAU NAA mnududu 1.5 un/a. wnsideany 6 §Uanv ndsannduinedesdae BA A
WUTU 1 1A./a. 527U NAA anuudu 2 un /aililiauaadavilandy (compact callus) (Sukamto et al., 2011)
uaNNi Khompat et al,, (2007) ldwidssdrusonnsiodraivdounsda N. mirabilis ADINITANT MS 1aMS Uay
1aMS 1Huan 16 §Uav wuin Wiesesede 2.4 - 4.3 von tnensiiu BA anududu 3 un/a. ilvigenauysal lull
U lngy finswnedsaudamtedrovteunsds N. khasiana mﬂﬁguﬁﬂLL&Jﬂd’mé"}é’umwangaaﬁasJa'lmﬁqm MS i
LAY BA AT 2 Un./a. SaNAU IAA AMINTU 0.1 un./a. VnlilAngen 10-12 von (Rathore et al,, 1991 cited
in Sapaeing et al., 2020) ﬁi’]ﬁldWUﬂ’]iLW’lngmLﬁ@Lé@%ﬁ@%’]’mﬁaLLmaﬁ N. lowii ﬁwm‘msgm MS ﬁlﬁu BA A4
Wty 2 un./a. w32 dUanvi vilvilensndiqa 34 sem (Muangkroot, 2015 cited in Sapaeing et al., 2020)
uenanil Sapaeing et al. (2020) Iwnzideasiodndeunsda N. mirabilis MILBINNTEANT MS Fiviiu BA avududu 2
UN./a. 99UAU NAA AUdadu 0.2 4n./a. wagksanu vnliiineenls 8.48+1.1 von d1u Sukamto et al. (2011) gl
wnzdsaneseamiedniiounsds N. albomarginata wuin aunsasiulsldAuue s MS Jala (2012) dsneau
MsziAssanseen N. mirabilis §18819135 1MS Saufu BA avadudu 2 un/a. iildiAsunadauasiinoanld 4.2
gon Jaisue et al. (2019) lmzidpanndnsiansiodvsiounsds N. milabilis PILBIMNTANT YaMS fdin BA pandudu
2 un./a. awnsatnineenla ashqlﬁﬁmmé’qlﬂﬂiﬂﬂgﬁwmumimwLﬁy&mLﬁ@@@%ﬁ@%’ﬂ%ﬁmmﬁn N.ampullaria 31
msiimsAnmuumislumsinzidsaiode

Tunsinzdsadedefivndiodndoundda fnmsldansaiuaunisiasaiaulanguesndu 1y NAA uay IBA
Lﬁa‘dﬂaﬂizﬁumﬂﬁmmiﬁﬁ (Salisbury and Ross, 1978 cited in Sukamto et al., 2011) 819U Khumdinpitag et al.
(2004) lenaaeun1sinzLa saiil o1 enstod1amifaunids wuin Fudliusensousindundiildainnisimiziude
wsfedmsiounsdsluanimdasnide fnsadressnldmiemnsidodudinuue1ms HaltMs iy 1IBA anadudy 0.1
un./a. ﬁﬂﬁﬁimmﬂﬁqmﬁa 14.3 510 LLazﬁmm&n’mmﬁqm 108y 0.7 2. MENIWIEEIY 5 dUaY uenand
Thanasombat et al. (2009) 518974731 qmmmsé’amswﬁﬁ'mu’1muﬁqﬂiumﬁﬂﬁﬂﬁtﬁmwﬂmawﬂaﬁﬁ'ﬁ’mﬁaum%d
laun mmﬁqmﬁ'lﬁu NAA AL udy 1.5 un./a. vldidsiuiusan 1wde 4.2 590 n1s3semnsid suiede
wilatnmeunsdadosiizdlddnuuuimanisldseduans BA %qLﬁumiﬂfju”Lﬁzﬂwlﬂﬁu Tnenagaumssiufivinsause
RV RITRENERERIEE LLf’hﬁﬂLmaé’aﬁiﬁlﬂﬂ?’ﬂﬁﬂﬁﬁmaamTMﬂLLazﬁuﬁawid Wunsifuuszansnmnisnandu
ﬂ’uﬁ:ﬁmawﬁa%’nwﬂaLmﬁdﬁﬁmmﬂaamim IgUsinamn lunadusings dudunsdaasunisunsideaiede
wilodmiiaunsdaiiugnisi wazilunwimnanisveneiugdmsuresanludondadsaly
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navad BA semstnihliiaunadavamsdetiudounddluanmuaanide

nsm3ent uduiled eftensfetanseuntdidmsuldlunsmeass thdudildannsmzidenied eves
nifodnmiounsdsdsegluaniniasndelumnnnaes Ingldsumsaiiuayulaau (clone) :nUssensu $1umu 1 #u
fonguszana 1 o LLf’hﬁm%udauaamé’faﬂa"nmLﬁmﬁ’wmuaamm”’gsmmwwL?ﬁumLﬁaﬁaaamvummiwﬁqqm MS iy
BA A 4 un./a. saufu NAA anudud 1 un/a. iWunen 2 Wou ndsantusnaiusenunmzidsuueims
wlagns MS fidin BA anududu 2 unsa. Wunan 6 e wWislildsuwusendiunifismedmiuldlunisnununis
yaaest uds9nty datudiuseniiogluaniniasndouds Widaawen 1.0 gu. fluase 12 Tu msidsswonuu
9IM3dRNT MS (pH 6.5) i BA Aadudu 0 12 war 4 un./a. MUHUNITNARDIUUY Completely Randomize
Design (CRD) i 4 Amnaneq az 10 819 av 1 Judu LW’]%LgﬁlﬁﬁQZUﬁﬂuﬁﬁad 25+2°% neldanmlasulasainunasalv
wgeaLsalmud Anaduuas 2,000 §nd utu 14 Falue/fu wzidsauny 70 Su Tngliuasueimsin Juiintaya
Wesidudnsiinuaada LLazsiTa:HaLé’ushu@juéﬂawumLmaﬁaiﬂai’mmqﬁauﬂ*ﬁwﬁqmaaﬁ'ammaé’a Gﬁaaﬂaﬁléfﬁwm
ARTIEVANNAIIALAA DU ILYBIALRAY (standard error of mean, SEM) TLAT1£3ALMUTUTIU (ANOVA) Lo
\WieuiflsuAladedie38 Duncan’s Multiple Range Test (DMRT) fisgduauidesiu 95 wedidus Tngldlusunsy
WATIEviteLanIeEda Sirichai Statistics version 7.0
sunsunsiniunadalriauueonln

1%5?5”u§~1'aulmaé’aﬁ1m”mﬂmil:wwvLﬁy&mLﬁaﬁammmsmamé’aﬂdn (ﬁqmmaQJQWMW5amsﬁL§u BA AULUNTY 4
UN./a.) YuakAaaa 0.5X0.5 szm NIgH Lammammsmqam MS (pH 6.5) Fdn BA Aty 0 2 uag 4 un./a. 919
WNLNSNAABILUY CRD 31 3 Ameaeiqay 10 919 ax 1 Judau mnumwwwaauuaL&J@i’ﬂuamwammu 25+2 °% 195U
LLadmﬂuaamlwaaaLﬁaLmum AULTULES 2,000 a0 W1y 14 Falussiotu wamammu 45 1 U‘uwmuaaga Toun
Srunusenlmisedudiu anusnsenlml (eu) Wurkugusnauaada (s TaeTanssduniiefigauesteunnada
Toyatiliiuniinseinunainiadounnsgiuvesalads (standard error of mean, SEM) JiasgvanauUsUsIu
(ANOVA) uagi3euiiauanadesieds Duncan’s Multiple Range Test (DMRT) fisgdiupanudosiu 95 wWosidud Tneld
TUsunsaiasievitayanieadia Sirichai Statistics version 7.0
navas NAA uaz IBA danisdnilifasinludnmuasnide

SL%aamﬁlm"ﬁnﬂﬂ'lil,wwxl,?:mt.ﬁat.?ia %uw%u?hu 1 -2 9. ﬁiuﬁn@jl,l,iﬂ waﬁymwmmil,lfquqm MS (pH 6.5)

Ffnans NAA aandudu 13 way 5 un./a. uwazans IBA anududu 0 uway 3 un/a. Wissegufembesiuiu lned
9113gms MS AlsiiRuansmugumsiaigidulaiudmeassaugy Maukunsaaesuuy CRD 4 8 Awaasse ay 10
§19 8 1 Judau LW”I%LgEN‘ﬁQmMQﬁ 25:2°% Funasanvaenliingooisaiwus mnudiunas 2,000 &nd um 16 Falu
fofu meidsauu 40 u Juiintaya Sruundetudiu mugsnlaeinsniiendan () douadildimn
ARTIERANNAIALAA DU ILYBIALRAY (standard error of mean, SEM) TLAT183ALMUTUTIU (ANOVA) Lo
\WiesuiflsuAladedie38 Duncan’s Multiple Range Test (DMRT) fisgduauidesiu 95 wedidus Tngldlusunsy
WATIEViTeLan1eEda Sirichai Statistics version 7.0

NaNSANYILAZIR5al

naves BA sansdnihldiinuaadavewmsiediudeundaneldanmiasnide
Lﬁ'aﬁm%uﬁauﬂmaaammawﬂasﬁnwﬁaLLménﬁagﬂuamwﬂaam%a L‘hmLWﬂngﬂdﬁaﬁlmmﬁLﬁqqm MS T
BA Auiudu 0 1 2 waw 4 un/a. Wunaiuiu 70 Yu Unnguadell ewnsgasivhlifiesidudmaiaueadauie
miummﬁqm Ao MS Tidu BA Anududu 4 un/a. Sn1siinunadd 1wde 70% sesawie omnsTiiy BA Anadudu
1 un/a. finsiinuAada 1@ay 50% uenand e1wsiiy BA arududy 4.0 un/a. Yniliuaadalivunaduniiu
Qu&iﬂmqmnﬁqm Wwds 1.17+0.3 @y, ualilfinnuuansiadunisadnduonmsiiia BA mnududu 1 un/a. Hupadadl
yundusuAuna 1ady 0.8+0.3 9. (Table 1, Figure 1) Tnonsld BA Tusziuaudutudimunzavanuisadnii
ThAnueadaldlufiveidad dmsunaadatuldanmamizidsaiede ff]’fﬂLﬂudawﬁwmﬁaﬁaﬁﬁﬂéuL%aéWWLsulﬂm
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niowwadwesadudogluuTuiaunn (high contents) ¥ sunadardunauiead (clump of cell) faunsawmun
(redifferentiation) 1Ut¥d 1 meristematic cell kagn18an(shoot bud) Inylalagvuiunisees unlulaiuda
(organogenesis) winld Sudndiuvessasluulelnlaiutaroonduilimunzay (Sharma and Alam, 2015) 11u3s 84
donAdpaity Jala (2012) Aldimzssassonvemiiodrmsiounsas (V. Mirabilis) F1ee1mn3gms v:MS Adiu BA Aviu
Nt 2 un/a. asnsatninliiAaueaaals Kumlay and Ercisli (2015) na1111 BA dusyleviisevuiunisiiaunaad
(callogenesis) BA 98lilinuuIun1sas199789y (organogenesis) ¥84tiudUenas yonanil BA Fredaadunisiiiy
Usuawen Weldlusnsidrudimunzan uenaind Sukamto et al (2011) Idimnzidssarssen wiladivslounids
N.albomarainata $78 BA AUWNTY 1 1A./a. 570AU NAA AULUNTY 1.5 - 2.0 1n./a. Wiy 98 Ju aunsatniilu
\nLAaaalaluiy Taha (2016) a1 'W]ﬂLW”ISL?;’EJGL“L{@L?jaﬁﬁﬁa’]ﬁ’]iﬁﬁﬂwﬂa (balance) seninspandunazlelnla
Juinzauasviliunadadulnlén uarmsiuanududy BA fumnzautiadfiuduinanuasimdnuie wunads
Tnglalnlafuszifiunsudawad uaviiind3umnsveaiode uenani Savithramma et al. (2010) nanin dlefivldsu
BA uaz kinetin luanududufinnstuaziinanewauinisvesunadauaznsiauigon é’m%’vvlszﬂwlﬂﬁuiﬁgﬂﬁuwmgﬁ
usn 1iioT A 1950 1ay Skoog waw Miller fioi3undn kinetin Faluouitusvos adenine siadl Tolvladufdeuldunn
ﬁqmlumimwl,gmﬁaﬁa fio BA 1iles91n BA Lﬂuisuimlﬂﬁuﬁﬁmmmc?hmnﬁqm gneendladieuadlasnn dsimgn
wagldine uenand nisiiulalnladuvde BA lusssuinzauasluemsimedsadedeteldminisiam (oud
formation) waz BA ¥aedwasuliwadaiursanauiainmead i ealuiduadens (totipotent cells) aolulé
(Kanchanapoom & Boonvanno, 2000) dmdunstnilifnunadaseoosluwdudsndudensmedeie deoi
{19910 Tassaaunadaiiansddnysonisidsunlasdugulasunadaviauiu (compact callus) silviAngen
ndle drulpadaviavain (friable callus) viliiAaeuu3lefiauaaaa (embryonic callus) (Torres, 1989 cited in
Sukamto et al., 2011; Kyte, 1990 cited in Sukamto et al., 2011) Kumlay and Ercisli (2015) 518971471 n1519a@15 BA
finasevuiunisadaasiaui el el duunada nde waalaiaiuda (callogenesis) Khatun et al,, 2003 cited in
Kumlay and Ercisli (2015) 5184131 dinsldemsans MS i BA Aty 5 unva. lumsimnsidsaiiodonzie
et YrednilfiAnunadald 83.33% 151091y Balachandar et al. (2004) lémnzid i ofodrusenuazdduves
uzwSnede (S. trilobatum) Wuin nsiiy BA anududy 4.4 lalasTuand saufutuzndnseu dreliiAnuaadalss
ﬁqm 75% Wlowmnsidsauny 4 dat dmdunsly BA anududy 13.3 lulasTuand silduaadailaainlu dnaswamwn
Lﬂuaamlﬁﬁﬁqm 69.8% uanaNinUIn M3l NAA Wineghaien LifinalhAnueadaluivwding ogslsiniu venan
mstnihuaadasgldifiss BA Wiissesafien faasuseudaansiafidug amsdnuwinisld BA sauriu NAA Tudndiud
wanzauiielfiuszansamlunmsiniueadaldunniy fsenunsinilfiinueadaannisinsidswassonves
wilodmiTaunsds Nalbomarginata ansalinuaadalad 41.67% wloldans BA avududu 1 un/a. sauiu NAA
AMGNTY 2 Un/a. Wl 12 dUa19i (Sukamto et al., 2011)

Table 1 Percentage of callus formation and diameter of callus after shoots were tips cultured on MS medium

supplemented with BA at the concentrations of 0, 1, 2, and 4 mg/l for 70 days

BA (mg/V) % of callus formation Diameter of compact callus (cm)

0 0 0+0.0 ©
1 50 0.8+0.3
2 40 0.29+0.1 ™
4 70 1.17+0.3 °

F-test - *

CV (%) - 120%

* = significant difference at 95% level of confidence. - = Not analysis

Mean values (mean + SE, n=10) with different superscripts in the same column are significantly different (P<0.05)



King Mongkut’s Agr. J. 2024 : 42 (2) : 227 - 234 231

Figure 1 Callus formation after shoots were cultured on MS medium supplemented with BA at the

concentrations of (a) 0 mg/l; control (b) 1 mg/L (c) 2 mg/L (d) 4 mg/l for 70 days.

[
[

Junaunsininaadalvinaulugenla

Foldmsidvauaada wu 45 Yu wudn ormsges MS filifusesluy fuauseslmdimuunniian i
19.740.3 890 UazyenilinI1Ne1ady 1.32+0.193. d0nAdDany Khompat et al. (2007) 51891171 NAUNIZLUER
ndfedrvsiounsdednsomagns MS Mifu BA arandutu 3 un/a. uddeUaesonidsaedaeemisgns MS 14MS
MS waz 1/8MS AlsiiAnasmuaunisiaTyivla nud aunsadmiliiAesendidulag $1uau 2.4 - 4.3 ven A
sulaiman & Barakat (2010) s1eaud1 msldanslalvladuluseduanudadusmisdniilminumesnuazmdnsls

TusAded wut arseauaumsiaeiuin BA ldawnsadniiliAnsenlwild ogndlsfinig ownsgnsfiiu BA 3
dutaeliunadainisvensvuiaifistuld lvoimsgasiiiin BA ity 2 un/a. ueadadiounduriugudnats
1nign 1.95+0.2 wy. uslsifamuansinefunmsafiiiuemsgnsiiiy BA anadudu 4 un./a. (Table 2, Figure 2)

Table 2 Number of regenerated shoots, shoot length and callus diameter after callus of N. ampullaria were

cultured on MS medium supplemented with 0 1 and 2 mg/l BA for 45 days

BA (mg/\) At 15 days after cultured At 45 days after cultured
Diameter of callus (cm) % shoot Number of Shoot length  Diameter of
clumps regenerated shoots (cm) callus (cm)
0 1.25+0.12°° 50 19.740.3 ° 1.32+0.1° 0+0 °
2 1.01+0.04 ° 0 0+0.0 ° 0+0.0 ° 1.95+0.2
4 0.9+0.04 ° 0 0+0.0 ™ 0+0.0 " 1.84+0.1 °
F-test * - * * *
CV (%) 22.63 % - 80.27 50.64 31.99

* = significant difference at 95% level of confidence. - = Not analysis

Mean values (mean + SEM) with different superscripts in the same column are significantly different (P<0.05)

i
Figure 2 Effect of BA on shoot induction when calluses were cultured on MS medium supplemented with BA

at the concentrations of (a) 0 or control (b) 2 mg/L (c) 4 mg/\ for 45 days.
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Haved NAA waz IBA sansdnihldiinsinludninyasnie

dethTudiusenundmildiiasn Im&JwaL?Tmﬁastmiqm MS iy NAA $9uffU 1BA aanandudumngg unu
40 U WU mmsqmﬁmmsawiami%’ﬂﬁﬁm Ao 01nsTiiu NAA Aadud 1 un./a. Sauiu 1BA aududu 3
un./a. Filsdisuausniann Gniifiauinusessin (oots) wagsimine (climbing roots)) mm’?iqm 7.4+1.6 570 1ile
Aszaiusiariods wudn nsid IBA Sraesiuausnitn dusiuiusin (Snfinannusnsessatudn) A
617370 FIAUTINNNE AUPITINANE UATAIINENIS N IE09TN WU Tunngnsenmslidinuunnensiunisads
(Table 3, Figure 3) \ilasa1n NAA uaz 1BA Sudusesluunguoonduviliausadnirsnld aeandesiusonuii een
Fuausatnihiinsinudedimdeunsds N. albomarginata 1@ (Sukamto et al., 2011) Tnafigna1731 NAA g3edn
ilAnTIn (root differentiation) @u IBA 9aeliin1s8aen1u9931n (root elongation) (Mendes et al. 2011 cited in
Chamandoosti, 2020) uenanil Savithramma et al. (2010) n@1731 NAA Lﬁua'ﬁaaﬂ%uﬁﬁﬂwﬁﬁquﬂumﬁﬂﬁﬁ
nkagn1sas LA ulnvessnie Talinum cuneifolium @21 IBA 9aeliiinsanladluie Wail Khumdinpitag et
al.2004) l9s1e91u3n awnsadniiliiendlodiviieunada N.thorelii insnlauuemsgns Half-Ms fvfias IBA A
Wudu 0.1 - 2.0 un/a. wenand fnslda NAA uay 1BA auiulunisdniildiinsnld Cui et al (2019) Tdimnzides
¥9A Magnolia sirindhorniae Wu1N mmiﬁmmsawiami%’ﬂﬁﬁ'mﬁﬁqm 95.7% Ao 91v5TIiin NAA U IBA wiinas

0.5 un./a.

Table 3 Root induction of N.ampullaria shoots cultured on MS medium supplemented with different

concentration of NAA and IBA after 40 days

NAA IBA Number of Root length Number of Climbing Number
(mg/\) (mg/) roots (cm) climbing root length of total
root (cm) roots
0 0 1.8+0.5 2.3+1.2 1.8+0.3 1.8+0.4 3.6+0.4 ¢
1 0 3.1+0.6 1.3£0.2 1.4+0.4 0.9+£0.2 4.5+0.7 ™
3 0 2.3+0.6 1.4+0.3 2.4+0.5 1.3+0.2 4.7+0.6 ™
5 0 1.9+0.6 1.0£0.2 2.1+0.4 0.9+£0.2 4.0+0.6 ™
0 3 2.8+0.6 1.6+0.3 1.3+0.4 1.0+0.3 4.1+0.5 ™
1 3 4.5+1.3 1.2+0.2 2.9+0.4 1.2+0.2 7.4+1.6°
3 3 3.2+0.6 0.9+0.2 2.0£0.4 0.9+£0.2 5.2+0.7 *°
5 3 4.1+0.8 1.2+0.2 2.5+0.5 1.1+0.2 6.6+0.8%
F-test ns ns ns ns *
CV (%) 78.8 107.2 63.2 70.7 51.4

ns= no significant difference and, * = significant difference at 95% level of confidence, respectively.

Mean values (mean + SEM) with different superscripts in the same column are significantly different (P<0.05)
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Figure 3 Root induction on MS medium supplemented with NAA and IBA individually or in combination for 40
days. (a) control (b) 1 mg/l NAA (c) 3 mg/L NAA (d) 5 mg/L NAA (e) 3 mg/l IBA (f) 1 mg/l NAA and 3 mg/l
IBA (g) 3 mg/l NAA and 3 mg/l IBA (h) 5 mg/l NAA and 3 mg/L IBA

ayUnanIsAne
& A oA A Y v £ a 3 | a | o o v a
Mawzlasudodaigniotulawnsds (Nepenthes ampullaria) Wuin 819sAuNzauRoN13TAUNLALAR
waadavdauuulduniign 70% Wenieideganseu wiu 70 Tu fe omnsudegns MS du BA anadudu 4 un./a.
dwsuduneunstniliueadadnisiauluilueenlmldlduniign (50%) Ae o1nsudgns MS Aldfiugaslu vinlh
Iiduiugen 19.7+0.3 ven Waldesnu 45 Tu dmsunaved NAA uag IBA denistniiliiingin wuii ansfianunse
FninliAnsnldfign laun n1sldenmsudagns MS (1962) i NAA adudu 1 un./a. 3auiu 1BA anadudu 3

un./a. bidasnldunniign whe 7.4+1.6 510 Wewwzidsaduian 40 u
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Effect of Concentration and Frequency of Feeding with Food

(Fermented Rice Bran) on Mass Culture of Natural Copepod
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UNANED

nswanlafinensssued Inemslrssdenndnidueims fenududusieiu 3 sesu 50, 100, 150 ppm
wazAuAveInslomsanaiy 2 seu Ae TaduRnaslvaends Qutuil 4) denisifiusuunazesdussnauves
Tafinonlusssneid lngiaununsmaassuuuwAnelsea (Factorial design) Tudawarafnuwin 10 ans 18 Tu 1luan
30 $u nansnaapmuilafinesfinisnovaues (Ruwazansiuau) Wlufimmaiesu Jaderiaesdianinasuiude
nsifiudiuauvedlafinen (p<0.05) lasarumuiuivlafinennugageluntsnaesiiliormaifissniafsnaonnis
naaesiiAuITudy 150 ppm (Aads=SE) 6.4+1.4 51/ wa. vauzdinisliemadududuaends (Gudl 4) fiau
Wuduvessriruddenmsinanlsifinadennuvuiutuvedlaiinen (p>0.05) T ade (+SE) gean 2.7+0.4, 2.4:0.3,

2.1+0.5 ¢/ wa.muanu dmsungueiiavedlaiineainuuiniignds Aratueen lelnanesd ssunaiinesn (Souas

o '

64.9, 23.3, 11.8) uazdndiuiosazveszeznisifulafinuingade uewdsa dudule lafilnda wazduduiendgdly

1

(38.9+2.0, 37.0+1.7, 23.6+1.4, 0.5+0.2) pudwu wan1snaaesasuladnnislisidruudennsin ﬁmwm%'u%uqq 150

ppm Lilgea5Aen WganedmsunsiiuduulafinensssuvIRanuiuunta

AEARY: ANUTNTY ANA S1TaUdenvidn Tafinen

Abstract

Development of natural copepod production using fermented rice bran at different concentrations and
feeding frequencies was studied. The experiment followed a factorial design with two factors: rice bran
concentration (50, 100, and 150 ppm) and feeding frequency (first feeding only and second feeding on day 4
after the first feeding). The experiment was conducted in 18 plastic buckets of 10-liter capacity for a duration

of 30 days. The results showed that copepods responded to the increase and decrease in density in the same
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direction. The interaction between the two factors (rice bran concentration and feeding frequency) showed a
significant influence on the copepod density (p<0.05). The highest copepod densities were observed when using
first feeding only at a high rice bran concentration of 150 ppm (Mean+SE) of 6.4+1.4° ind./ ml. For the second
feeding on day 4 after the first feeding, copepod densities were lower for all concentrations: (Mean+SE) 2.7+0.4,
2.4+0.3, 2.1£0.5 ind./ ml respectively. The most abundant types of copepods were from the orders Calanoid,
Cyclopoid, and Harpacticoid copepod with percentages of 64.9, 23.3, 11.8 ind./ml, and the copepod stages were
represented by nauplii, adult, copepodite, the adult with eggs. Their percentages were 38.9+2.0, 37.0+1.7,
23.6x1.4, 0.5£0.2 ind./ml, respectively. It can be concluded that using fermented rice bran at a high
concentration of 150 ppm with the approach of first feeding only is sufficient enough to increase the mass
culture of natural copepods.

Keywords: concentration, frequency, fermented rice bran, copepod

AN

Tafinenusazeinasyivinldilunsanmuindeuuazeiinvesomsiwanaiu wu nsnaaeudedai
wam Oithona nana Aeunasineufis Nannochloropsis oceanica \Wisuiisufunndundes Sad $1977 uazulls
41lnn WU’hLLﬂﬁﬂﬂW@ﬁﬂﬁmﬁLﬁuﬁwuaumaﬂﬂﬁwamqaﬁqm Yuzfistlidndiuvessseslailnfnuazuomiea
S’mﬁﬂmwmﬂmaﬂﬁjqnﬁqm LLasiﬂﬁwamﬁL?ﬁuﬂdﬁw%’ﬁné’dﬁﬂ’%mmmadﬂimlmﬁuﬁlﬂé"uﬁagﬁmm’hﬁL??mm”’wmmsszjﬁm
31 (Magouz et al,, 2021) 38lu Moina macrocopa Anuindinsihsidnuarstudsndanlddodutuusniinon
Wudu 0.3 na/a. warusuliluiuadsit 2 drefudl anududu 0.6, 0.8, 1.0 uay 1.2 ua/a nuinsldrdnannsai
TWd1uIue9 Moina Ejﬂ‘ﬁ’uﬁd 17,975 d/alusudl 7 innimsidsadesudUsnds uenanddmusniilusiuingd
TUsAuuaznsnazdly 3.78% (wet weight) gani1lusdududsnds 2.57% (wet weight) (Mubarak et al., 2017)

wonanddagdumalulagnisidesdwmezawuulndidanudsdu lngordedessund aan1sldarsiad wagld

'
N

wialulagdann L‘waa%ﬁqamwmmé’aaﬂuﬂaLf?ﬁuﬂﬂﬁlﬁmmmama fiSendn “wum?:mf’jaﬁqaﬁﬁmﬁ (Aquamimicry)”
ﬁlﬁmiﬁ%mﬂﬁﬁaﬁlﬁ'mLadaﬂawﬁjuiuﬁ’? (Bacillus subtilis, B. amyloliquefaciens, B. valismortis) (Aquamimicry,
2014) sgovaaneingaiu loun S1aziden davdes iilelmiAn udildswiin way/mdedamiin (Synbiotic) Tunsirdesde
U‘%"U‘Ugaqmmwﬁﬁwdwmngm NIONANDIT LAZANNITIESINTNIUNITINTENUD WUIUAAUNAIARBUFRITIUIY
wnfuneludelussezing 3 89 5 5u ndmniidnsiusnen lusesdnirmunadiiluve wavslawuvesunasd
maué’m’iﬁwu Ao lafiwen (Romano and Kumar, 2017: Chakravarty et al., 2018; de Tailly, 2019) LLazLﬁadmmﬂ%’fﬂ
Framfnunldifuomslumsinsdsdaiinensssurmdunuddeninsaneddiuntn safulunsanuadeis
fnqusrasdifiomarudutunassinuadsiimnsanlunsiluvssgndldifiolfaunsamnsidededvonlaonisld
mmimLmumﬂi’ﬁnwﬁﬂLmum{Lﬁ'fl,l,waaﬁmauﬁ%ﬁﬁﬂﬂzumaumﬁmﬁmﬁsjqsrmLLa3§uLﬂﬁm‘w%"wmnuﬂmmmﬂums

Waunsiwgiesdainensnely

ad =
5N13ANY
) ' ° o = v a o a
navasansIdIusmdnuazaudlunslddenisiuduIualaines
PONLUUNITNAABILUULIAVEISEa (Factorial design) Usznaulusae 2 Uady Ao anududuvessmidn way
A lunslions wnaztadeusenaulumsanududu 3 sgau Ao 50, 100, 150 ppm wazAud 2 seau Ao i

Asaie waglraasnsa uiun 4 vaen1smeass) 31U 3 90
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nMswieumvusiiensnaasasimaadiidluntmaass

ymsnasasdludaarainuuinaug 10 dns Swauiieau 18 Tu Swau 2 4a 591 36 1u (Figure 1) Tuusiay
failvidngeiniATIuIg 1 9 LﬁauyuLﬁauﬁﬂLLaxLﬁuaaﬂ%wuasawﬁﬂ nsonimziasssRteivesnstioy 1,000 Ans
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Figure 2 (a) NaHCOs, Rice bran and Bacillus sp. (b) Fermented rice bran
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Figure 3 (a) Example of copepods (b) Classification copepods under the microscope
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Figure 4 Number of total copepods (ind./mL) at three different concentrations, 50, 100, 150 ppm and two
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Figure 5 Effect of food (fermented rice bran) different three concentrations, two frequencies, and two

frequencies, three concentrations to the higher density of copepods (ind./mL)
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Figure 7 Cyclopoid copepod of stage Nauplius (left) Copepodite (mid) Adult (Right) (Note: not to scale)
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Figure 8 Harpacticoid copepod of stage Nauplius (left) Copepodite (mid) Adult (Right) (Note: not to scale)
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Figure 9 Copepod nauplii stage of Width of cephalothorax and Total length (micrometer)

Figure 10 Copepod adult stage of Width of cephalothorax and Total length (micrometer)
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Figure 11 the percentage of all order of copepod (Calanoida, Cyclopoda, Harpacticoida)
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AueuadaszuaziziUsIaEsUseneuiluednsiuvedlilaledlawuiin Parmotrema tinctorum anansanin
neuFimsusiniusmiuea exdlau uasteinesSianilgumaiivies nadeuqniiueyyadasyds 2,2-diphenyl-1-
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Abstract

Lichens are symbiosis between fungi and algae. Lichens can produce specific secondary metabolites
which are different from other organisms. Lichens are of interest due to the accumulation of secondary
metabolites in their thallus. The objective of this research was to determine the antioxidant activity and total
phenolic content of foliose lichen species, Parmotrema tinctorum. The lichen was macerated with methanol,
acetone, and ethyl acetate at room temperature to obtain the crude extract. Antioxidant activity of crude
extract was analyzed by 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay and Ferric reducing antioxidant power (FRAP)
assay. Phenolic content was analyzed by Folin-Ciocaltue phenol method. The result showed that the crude
extract by methanol gave the highest yield at 34.74 followed by acetone ethyl acetate, respectively. The highest
yield of total phenolic content was found in ethyl acetate crude extract at 83.15112.52 mg GAE/g DW, followed
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by acetone and methanolic at 754.55214.90 and 443.94+11.36 mg GAE/g DW, respectively. The highest

antioxidant activity was found in DPPH assay value with methanolic extract at ICs, = 4.6130.04 mg/mL, then

ethyl acetate and acetone, respectively. While FRAP assay was shown to be highest in the methanolic extract
at 2096.2719.24 mg Fe/g extract, followed by acetone and ethyl acetate, respectively.

Keywords: foliose lichen, total phenolic content, antioxidant activity
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Suninanslainu (Secondary metabolites) daulngadisandiuressuazarsedinuamslulanubinuluivsiady
Fsawsaldarslawauluduuneiinld lawwuuissinasisarsiediianiziaizasdeduuneinlameansiadl nslduselovd
nlaruuenanlfidusvidamsnmamoimaudisdlivsslonidwudy 1 Tiun MHduadenimudng 19 dudiunan
vasioniUies (pH paper) Wnaaluvon Tdvenegvesiu T ludrunanlundsunta THluisnssumseaun 4
ndngrunslissleviindaudatedsulunu venanilulssmadduuasdsemaiuiimsldiiurriondosiutngs
fumeesanlainuiiansddnifiusslovl Tludsemaglsuldlanududiunanvosgneniiorisgsendsiuuszniu
81915 (Papong, 2012a; 2012b)
latauyila P. tinctorum (Despr. ex Nyl) Hale ¥'avd ulawaunuulndlea (foliose) (Figure 1) T1uunay Tued
Parmeliaceae 5?1"@Lfluvl,ammdﬁﬁﬁam%ﬂmﬂ‘ﬁqmnﬁwﬁq é’ﬂwmzﬁﬁwﬁtymaﬂaLﬂuﬂjﬂmiﬁﬂau (Lobe) viadanin9vua
Tngjuszunal 3-30 Wwudlums d918 (Cilia) 1da1aun 2 Te8lUnT HIATUUUTARAEINT 138U NUSNBUZAAIYIIILA
wsosesuaAnIuIAan wulediie (sidia) auadnldunnuyusauiwanuuusdnissaaieUzni$s (Coralloid branched)
uun wuuinalateveulau lnugesife (Soredia) Rsnuasiadadn nsinanaviadanulsdu (Rhizines) ldusn
LYue wolnilldy (Apothecia) JUd1enutios woalaauas (Ascospores) JUnTe3audsgunseining nuanslaiau
Atranorin, Chloroatranorin, Lecanoric acid k@ Orsellinic acid L‘flulaLﬂu%ﬁmﬁwumumiﬂismﬂiﬁﬁaiaﬂ (Nash et
al, 2002) eyyadase (Free radicals) \uansiifididnaseudasveglunsuanvesosmounioliana eyyadasiiiniuny
Ifisnundsniely wasnisueninnie Asdidiannedaiildesndiaulunisissiinesfoyyadasvreseandiavly
NTLUIUNTILNUDATUAS 9 VBUTAA INNTLUIUNTININAIYDIMITVBITNAY Lagniseeniainigeg1emindy
ouyadaszitnanunaselusisnie duuvdinisusnerainaindadvaindaneades wu 3y Teleu afuanvele
Fososudt uazatuyud msfiaileainuuaiieuariida Wudu eyyadaszdilng/line uazlwonisinufasen
Tnenanzesadeyyalansonda (Hydroxyl radical) fiiaaudesligean (Halliwell, 1995) pyyadassmaniviilifin
AudemesessAUsznauing q veawadneluianie wiogslsfinu ddiiennuiefiszuuiiaansoidnoyyadass
1#i3onin ansfueyyadass (Antioxidants) Sadunalnvesiniefivvainemsiuoyyadassiunnusenoudsasvie

aaa a

wuleeng q fansatieveas dudwmsedeiuliitereendnduvesansiilonisiinufisen lnesenieazasiens

v
a =

Aueuyadaseliaunaduliuiveuyadaseiiiniu uddnlielaiinniliaunafinduviliiinan1igiiiond

Oxidative stress fiafiusunneuyadaszuniiuninfissuudueuyadaszazindnlagwiliiineuyadasydruiumie

'
N

waandesgagluaewadidudunenseiuizuaniodonis 4 Juanmuainisun wazenasesuilugnisiia

1sale iy @udeniu lsanasmdaanidla lsanerduniaudu lsaniAudu lsedalaiwss lsauzise wWusu (Ames et
2

al,, 1993) s1aneisdfinalnlunisidneuyadaseld 235 Ao 1) Tdeuledisiig 9 Tusienie wWu Catalase (CAT),
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Glutathione peroxidase (GPX) ag Superoxide dismutase (SOD) way 2) 15 1aldoulesl laun Am1dud (Alpha-

'
a

tocopherol) Luf1Als#iu (Beta-carotene) wazdmfiud Wusu Jaduarsdisaruaueyyadaszans 9 Weglusyau
auna

o a

assusyyadaseidrdy i 3 Ussian léun

1) a1sfueuadased nulusrsnie wagdaduouls 1dun Catalase (CAT), Glutathione peroxidase (GPX),
Superoxide dismutase (SOD), Glutathione reductase (GR) waz Glutathione S-transferase (GST) tHugu

2) arsiueyyadased nulusiantously Fardutoulesl leun Albumin, Bilirubin, Uric acid, Glutathione,
Ceruloplasmin, Transferrin, Haptoglobin, Hepopexin ag Cysteine Hudu

3) aﬂiﬁﬂuauaﬂaﬁﬂizﬁwuiummi wazlidadueulusl ldwA Tocopherols, Carotenoids, Ascorbic acid, Steroids,
Gallic acid wag Flavonoids LJugu
G"fﬁ‘lj;um3151%@?1?55\"1148‘1@]@5353%’1ﬂﬂwuaﬂiwﬂ’]El?NLﬂ‘u‘Vl’]\iLﬁ@ﬂﬁ“ﬁl?ElLﬂ%llLLazﬁaﬁﬁ’uéJuﬁli’]Elﬁ]’lﬂ@‘lgmuaaaiwhd 9
(Department of Clinical Microscopy, 2023)
nsAnwiAeafuguisueyyadassanlauldsuaruadanninifeidesandaslanuiiiauwnndeinasi
aalaefivdu 9 wunsAnwlulawaungunsdlaa (Fruticose) wila Cladonia furcata wazngslnalea (Foliose) leun
Hypogymnia physodes, Lasallia pustulata, Parmelia caperata Wag P. sulacata wm'w"Lamuﬂq'uIWa“Iaasuﬁ A L.
pustulata uanskaMsFueuyadastldATigeluasaniadbordlay wmuea uazth MnnsAaeURe33 DPPH was
gonndoafuuTinuansUsznoufiuedn uaswaluesdiiduTunasnilulawnuviafisigniiueyyadasyléf (Kosanic et
al,, 2011) lawAwana Parmotrema wa1ewila Wy P. pseudotinctorum, P. stuppeum Wag P. tinctorum afindgium
uaawuiwﬁmﬁﬁ%aazmié’uégqqqqm fo P. pseudotinctorum (Fernandez-Moriano et al., 2016) ﬁﬂﬂ‘ﬁalﬂa‘ﬁ'ﬂdnm
Fraduierfunslduselevianlanululssmesig o uaznainuais3snishd wu Muauluems 1duadoshiu
Ussangwililainuddnenmidrauladmivnsimumiluldsslomilusuanld fedunsidonsailifnguszasd
ileUszifiugiueyyadaszuarlinszimunuamsysneuituednsanvestialealaiauwin P, tinctorum fivms
afishemsmindumiuea exdlau uaziefiaesdianilgumniives naaouquddueyyadasziieds 2,2-diphenyl-1-
picrylhydrazyl (DPPH) Way Ferric reducing antioxidant power (FRAP) Wazdiasiziusunaansusznauiluadnsausie

8 Folin-Ciocaltue phenol iiiaidudoyanugiulunisldusslesianlanunguivdloansluluewan

Figure 1 Habitat of thallus lichen P. tinctorum growth on bark.
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ABN1sANEN

faednslnalodlamu

frogralndlealainuviin P. tinctorum fldlun1s3deldanvisssumaludmiaynaims wieusiadala
Iaaiamuaﬂﬁuﬁﬂué’auaﬁauﬁqzu'vrqﬁ 40 serwaldua Wunan 2 $alus mntuthuuaduiueunadniluds 5
n¥u 1 3 afs thiegslamusiuau 5 ndu wifnfuuyueaysunms 300 Sadans Tuvringuauiaviliwgl 24
Falus ﬁqmwgﬁﬁm IntunsesduasaratefensEaEnsenUed 1 thanimaslumindreiniusasidn 2 ade
udnsesEsazanesiy tharsasaenanualussmesvinaranesieinios Evaporator tAuliluriativaisuagiily
LLSﬁﬁqquﬁ 80 pernwaldua anduriliuideindes Freeze dryer wasiivansatavervlurinladndaiiotily
naasusioll nMsataduozdlaulaziefiaeydian 1hieddlalausgisas 5 n$u umsinfuaisavaneis 2 sdauazyin
auduneumlauTUNSUINdIsIWIUea ansaRnveuNIUSINadeuar e INaEn (% Yield) fsil

SPUATVDINANAN = UNNUNAIBYNEINTTANR / UIINFIBg1Lmanaun1sana x 100

nsNAsaUVSHUaYLAdaTzYadanTaNaveUlaAuGI83S DPPH assay
WS8UAITALA1Y DPPH Auudu 0.1 mM taets DPPH 0.0079 n5u azanglueniusadSuins 200 fadans

a o '

wisnansazasnsgiulnsasndituduy 50 fiadnsusedns lnedslnsasnd 0.0005 n3u azarslulevueauaz Uiy
Usumslitasu 10 8addns dransazatslvsasndidudu 50 Tadnsusodns udeansmeeniuealndaadudu 0, 5,
10, 20, 25 uaz 30 Hadndusiodns Usung 1 1adans ANansazans DPPH 3 adans wonlmdndussnal3ludidady
181 30 W1l LLé”JﬁﬂUi’mﬁhﬂﬁ@ﬂﬂﬁULLaqﬁﬂmmm’mﬁ'u 514 wiluns fewedes UV-Visible spectrophotometer 1
AsNAADY 3 9 11’1?1"1mﬁe_]mﬂﬁmmﬁlﬁlﬂﬁwmmm % Radical scavenging activity Wag AUIAAT ICs, N1TAS1ATIN
1M3537UlN589N99InA1 % Radical scavenging activity fifmnududu 0, 5, 10, 20, 25 waz 30 fadnsuredns v

AT 1Csp warldifionnan antioxidant capacity #n133183 Wannawet & Thiangphet (2017)

% Radical scavenging activity = [(ControL OD-Sample OD) / Control OD] x 100
e Control OD fle AINIIAANGULEAIYBY DPPH
dlo Sample OD i ANTIAANTULAIYBIATTHIDE NS
nMndeUgVsiueyLadaTsvesansataveulay Tasfseansataneuiegisas 0.1 n3u azanefedvihaeildatn
waziAuliasuUTuIng 10 Taddns Urnndeanslidaiuidudu 0, 1000, 2000, 3000, 4000, 5000, 7000 kaz 9000
fafindudedng Uinunuiuns 1 Iaddns u,ax‘vhmms?jgumaumﬁauﬁumimmgwﬂmaaﬂ% ymsmaaed 3 91 then

nspandusasilaluAam % Radical scavenging activity wag AwIniAn 1Cs

nsnagaugnsitueyyadaszvasasaiaveulaauiieds FRAP assay

M3 BNANTAaZANY FRAP reagent (Acetate buffer 300 Aadlua pH 3.6 : 2,4,6-tripyridyl-s-triazine (TPTZ) 10

a  a

fiadlua : FeCl, 20 fiadlua = 10 : 1 : 1) Tneda FeCl, mnandudu 20 fadlua 0.054 n$u avaneluindu 10 fadans

'
o a

3 2,4,6-tripyridyl-s-triazine (TPT2) Avadudu 10 fadlua 0.031 n§u azarslunsalelasnasin 10 daddns (7

o v

gaunil 50 asrwalliua) 3w Acetate buffer Inads Sodium acetate 1.8 n¥u iyl Acetic acid 8 dadans USunae

winduliasu 500 faddns UsU pH 3.6 iufigaugdl 4 sarwadea ntufuiingu 12 $addas vuiioumgll 37
sarwalded Wuan 30 wiil
W3BNAITUINTFIU Ferrous sulfate UTuns 2,000 fadnsuradns laeds Ferrous sulfate 0.02 N1 USU

USunsieuindu 10 faddns a319ns1mu1nsgiu Ferrous sulfate 11a15110357u Ferrous sulfate 7in3eulanniies
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andluthndulsiiiaanududu 400, 800, 1200 uar 1600 fadn3usedns Juaun 1 fadans 9ntaufiu FRAP reagent 1
Tadans dan ey 4 ud ﬁwiﬂi’mﬂ'mﬁqmﬂﬁuLLadﬁ'mm&mmﬁﬂ 595 WAtWLLAT A28LA5 89 UV-Visible
spectrophotometer ¥1A15MAADY 3 A ﬁ]’mﬁ?uﬁwmmmLsﬁ'u%wuaqmsmmgm Ferrous sulfate 1 AgunINLINTZIU
wagmanuduiielidineigns fueyuadassluasataneiulaiausely (Saechen, et al. 2020; Benzie & Strain,
1996)

nswssufegvansataneunaledlawmulnedaiiegsar 0.01 nfu avanesiesvhazaeildlunisatn
U3u1ms 10 fadans anduimniesdieivhazansldiiaududu 100, 200, 300, 400 uag 500 dadniudedns
YnuUsunes 1 Saddnslanaoannass LLawTwmm"ju’umaumﬁauﬁ’umsmmgm Ferrous sulfate ¥1n15MAaed 3 41

nduihludnugvsfueyyadasemels FRAP luasadavenulamuiisuiuns1wuinsgu Ferrous sulfate

nsnadaudsunaasusenauiluesinsiuvesansanavenulamunieids Folin-Ciocaltue phenol method

wlsnansazanelaiounsueiundududesay 7.5 Inedalaiounsusiun 7.5 n3u azanefotindundausy
Usumsliasu 100 daddns in3suansazaie Folin-Ciocaltue phenol reagent [t usasaz 10 lngnauaIsazay
Folin-Ciocaltue phenol reagent Usinms 10 fiadamsfutindu Usuuunmsliasu 100 daddns

wiBuasaraeInsgIUNIANadnIdudy 50 fadniusiedns Usuns 10 faddns Taedansaunadn 0.0005
n$u avanedenduuarUsuusinesliasy 10 daddns adunsminnsgiunsaunadnlaeiansaraieasgunn
wnadnidudu 50 fadnusedns undensdiethnduldtinududu 2, 4, 6, 8, 10, 12, 14, 16, uaz 18 fadndusedns
Uinansazaned3unns 1 fadans wWuindudiunns 1.5 Sadans Wuaisazans Folin-Ciocaltue phenol reagent
Wudusevay 10 Usuing 0.5 fadns werlmdnuldifuaisazatslelfsun1susiuadudusovas 7.5 Usuias 1
fladans weldansazaronaududsialsluiifle 30 wiil ‘Ll’ﬂmiazawlﬂfmmmi@jmﬂﬁml,adﬁmmmm?{u 760 unlu
1IAS FBLA3ee UV-Visible spectrophotometer ¥1N1599889 3 sz}‘:w ﬁwmmiamﬂﬁmaaLLazmmnTu%umaqmsaxm&J
mmgwuﬂimmaﬁﬂmL%uﬂmwﬂmgwmﬁam%auLﬁauﬂ’%mma'ﬁﬂwﬂau?\lua%ﬂiuaﬁaﬁwmwaﬂamum’aﬂ,ﬂ A
75989 Rattana & Sungthong (2016)

nsiaszmUsnaasuseneviluednsiuluansananenvredainu Inawmssuaisazaesiegalaiauaing

Wudu 1,000 fiadnsusedng USuias 10 faddns Inedsansatnverulanu 0.01 nu avanesiesivazanefildanauda
USuUsunsliasy 10 faddns thansavaneundoansdetnauldiaudady 100, 200 way 300 fadnsuredns
Yweensazaneun 1 dadans ‘VTWmmSiTyumaumﬁauﬁ’umsmmgmﬂmLmaﬁﬂé’ﬁﬁﬂénm%ﬁqﬁu ynIMeaed 3 91 udn

ﬁ’lﬂ"]ﬂﬁ%]’ﬂﬂ’]‘i@(ﬂﬂﬁuuﬂdﬁimﬂﬁﬂu’)mﬂﬁﬂ%ll’lmﬁ’liﬂizﬂ@U‘Wuaaﬂﬁﬁuiuaﬁﬁﬁmﬂﬂ’mmﬂﬂ‘i”lWJJ’W]‘ig’]UﬂiﬂLLﬂaaﬂ

nsAssideyanieaa

ynsneaes 3 91 AsginnuilsunuresaisvesteyauuuaAE) (One-way ANOVA) 91897UKARY
Anady + dudsauuNnsgIu LagnadeumNLLANA1TEIARABTBguT eSS suITBUL MY A (Multiple
comparison) fe38nsMaaey Tukey-Kramer faelUsunssl IBM SPSS Statistics 19939 23 219UHUNTNARDILUUA

auysal (Completely Randomize Design)
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NANTSANEILAZIVTAL

Mnuanisatmansantwalealatausin P, tinctorum wuinansadavenuiildsesazesudnunniian Ae niin
AedviazaslIUeaLNAUSeYay 34.74+0.20 5098911A0 9xdlau (Fesaz 30.79+0.20) uay Lofiaadiem (Fouas
27.18+0.10) muanau (Table 1) anarsananerulndlealainuilunadeumuiunuvesarsusenoufiusdansiulay
WIguguiuansInsgIunIARNaan 91naun1s Y = 0.0088x + 0.009 taedidn R” = 0.9962 (Figure 2 (a)) Wuiansarin
ﬁuﬁﬂéhﬂ@x%lmuﬁﬂ%mmsummﬁﬂizﬂauﬂuaﬁmauumﬁqmwﬁﬁ’u 83.15+12.52 mg GAE/g DW s8danfie asafindi
wiindetefiaos@unn (75.45+14.90 me GAE/e DW) wazluvinuea (44.39+11.36 mg GAE/g DW) muddiu (Table 2) &4
wudansataiindndeerdlauiufinaasszneuiiuedngadieiSouiisuiuintnn fuiswesiaegts ilesanidu
ns¥aUsinaansUszneuitueananansatnfiduduiiiiueuiunsuin uasssmesviazanendouraiilduiadune
wndsilauiduduguaziiusumvesasuseneuilueAngemeiuiy

Table 1 Percentage of yield from foliose lichen P. tinctorum crude extract with tree differences solvent

Solvent Color and character % Yield

Methanol Power and light green 34.741+0.20°

Acetone Power and white 30.7910.20°
Ethyl acetate Power and yellow 27.18+0.10°

¥ Different superscript letters within each row are significantly different (P<<0.05).

daunsiiessdanuaisnvesqnisueyyadaszvesarsataneulnalealaieuyin P, tinctorum #ae3s DPPH
assay WU mﬁaﬁ’wmuﬁaﬁ’m’f’;EJL:umuaaﬁqw%‘ﬁmawﬂaﬁaﬁzﬁﬁ'qm 1agdlAn ICy, 1WINAU 4612.15+44.92 me/L
sosRnARansaiameeiaesdanuarasdlaule IC, nalAssiu (Table 2) lnswSsuisuiuansuinsgiulnsasnd
(Figure 2 (b)) fiA1 ICs, iU 0.0240 nsAmszviauasalunsluansinueyyadaseiieds FRAP assay lnaidisu
Auansuinsguwlasadain 99naun1s Y = 0.0005x + 0.0516 lawdia R? = 0.9994 (Figure 2 (c)) wunansannnlsLy
muaaﬁﬁhmnﬁqmvhﬁ’u 2096.27+9.24 mg Fe/g extract 9z@lauvniy 1982.93+12.86 mg Fe/g extract Lazlofiany

%meﬁaﬂﬁ?jmwi’lﬁ'u 990.13+27.30 mg Fe/g extract (Table 2)
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( ) Trolox (b)
. . a
Gallic acid 70000
05 .
045 - 60.000 y = 2.1596x - 1.6579
£ o4 2 ”
E € 50000 R? = 0.9904 -
o 035 &
> .
© o3 8 40000 e
12} -t

8 025 y = 0.0088x + 0.009 © ®.
e 8 30000
g - R? = 0.9962 g
S o1 @ 70000 .
2 w &
< oo ) 10000 °.
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Figure 2 Standard graph for comparison with P. tinctorum crude extract. Standard graph of gallic acid for
phenolic compound (a), Standard graph of trolox for % radical scavenging in DPPH assay (b), Standard graph of

ferrous sulfate for ferrous sulfate in FRAP assay (o).

Table 2 Total phenolic content and antioxidant activities of P. tinctorum crude extract from three differences

solvent
Total phenolic Antioxidant activities
Solvents content DPPH FRAP
(mg GAE/g DW) (IC5o mg/L) (mg Fe/g extract)
Methanol 44.39111.36° 4612.15144.92° 2096.27£9.24°
Acetone 83.151+12.52° 7882.08167.69° 1982.93+12.8°
Ethyl acetate 75.451+14.90° 7528.441129.41° 990.13%27.30°
Trolox - 0.0210 -
F-test 2861.29 1241.50 3346.43

F-test Significant at 0.001 probability levels.

“ Different superscript letters within each row are significantly different (P<0.05).

v
o

nsInTegniaueyyadassvesansaiavevainlanuluasei
U

° (% aa

NuN15A18 2 15A0 DPPH assay uazis
FRAP assay nuanansaiasmiswniusaiauainsatunisiluaisdueuyadasslafngadi 2 SBaenadesiu uas
d0AAAIUTIB9IUVDY Sharma & Kalikotay (2012) Iias1esignaniueuyadaseaies DPPH assay vadlawnuwina P.

reticulatum wazainnsLuIueaial ICs Wity 4.39 ug/ml druansannaieeniueaial ICs Wiy 4.023 pg/ml 3
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WIuINsInTeignaiueyyadaseieisilasumnuitegrsunsviany wWuieaiuis FRAP assay a1sainsag L
mueavestlainuilaiffigniiuoyyadasygeiign drudsunaasuszneuiivednianuevedlawmurdeifiadnie  w

mMuealeuiisuiuansunsgiunsaunuiln Wiy 15130.577 pg Tannic acid equivalent/mg BailuSanaigendnans
afnAelenIUea (Sharma & Kalikotay, 2012) ddusieaunisiUseuifisugnsiueuyadassvesansanalanuyia P
tinctorum fEaRUIBIENTANANTURINATTTIVRsETAzATe loun Ulnsideudines (Petroleum ether) Lofiaosd

AN (Ethyl acetate) 2@ 1au (Acetone) Lun1uoa (Methanol) Wagu (Water) 71131 A 2875 DPPH assay Lae

Aaa

WisuiWsuivansuinsgiunsaweanesin (Ascorbic acid) gndueusadaseifnianfs a1sannnieezdlau 709893
Ao wnusanasUlnsideudinesnudiu (Ganesan et al, 2015) suvislawnuriindundiiinanisfinwiaenadaaiu 1wy
lawwaila Cetraria aculeata Niafindisiuvueaiisneuitgrssiueyyadasegaininainiieeiinosdwmmiilonsen

A2835 DPPH assay LuLfenfuyUsunuvesasusznouiiuednsiuiisunaminnit (Tomovic et al,, 2015)

Table 3 Percentage radical scavenging of P. tinctorum crude extract from differences concentration in DPPH

assay

Concentration % Radical scavenging

(mg/L) Methanol Acetone Ethyl acetate F-test
1000 18.62+0.87° 7.07+0.50° 8.42+0.13° 351.90
3000 37.15+£1.38%  17.47+0.69° 21.91+0.48° 1319.19
5000 52.79+0.45°  30.44+0.35° 31.46+0.38" 3060.32
7000 ND 44.54+0.44° 47.46+1.29° 3422.52
9000 ND 57.90+1.14° 59.49+0.32° 7394.83
ND = No data

F-test Significant at 0.001 probability levels.

“ Different superscript letters within each row are significantly different (P<0.05).

Table 4 Antioxidant activities of P. tinctorum crude extract from differences concentration in FRAP assay

Concentration Mg Fe/g Extract

(mg/L) Methanol Acetone Ethyl acetate F-test
100 1848.00£72.11%  2034.67+120.55%  1047.33+20.82° 122.78
200 1907.33+30.55° 2244.00+30.00° 1048.67+32.53° 1182.43
300 2271.55+20.37° 2007.11+73.44° 926.89+51.24¢ 541.59
400 2202.00+27.84° 2123.67+11.55" 979.33+34.49¢ 2009.53

F-test Significant at 0.001 probability levels.

“ Different superscript letters within each row are significantly different (P<0.05).

NTeyaseuazueIN1sindneyyadase (% Radical scavenging) A1naisanalaiaundanududuvesans

wANENeiuN 3 daviagaerieds DPPH assay (Table 3) wudwwildunisidneuyadaseiiunnduiloiuaududy
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999a15anANINTUIUIY 3 Avnaraty laglenizasannnluasdlay wazlefiaasdmnialndlAgaiunuaIauAIY

o a

Wuduvesans dwansaiadeumiueasansainsiineyyadasylannitluasadniisesdlau uaviefiaesdnmie
WIBUgUAUANTNTUTINAY d3UN1INAAUNITRIUDULABATEA 1875 FRAP assay @15anAn8lUnIueall

Auanansasueyyadaseldfngaluanududuringu 300 me/L (Table 4) wivzganauintoulaifiuaududuves

ansafintudu 400 me/L uavansanadoozdlauiussansamiiutudeiuanududuic 200 me/L uazUszansam
szanandndesdlofiuanududuis 300 - 400 me/L WusafuansaiadeefiaesdamiiAfisduluanududy 100
~ 200 mg/L wazazanandndesdefiuanududuresasatniuwdu 300 - 400 me/L uansinuszansamlunisu
asfueyyadaTzueasainilennasusyds FRAP assay %ﬁ‘dizﬁw%mwﬁﬁthszﬁ’ummL%usﬁ'uﬁl,mm@hdﬁ’uéfuagj

AUMIINazaeveENsanaly 9

ayUnanIsAne

INNTTATIERgNEAueyyadastuazUIuIuveslusdninunvesarsananeulndlealauvin P
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Abstract

This research aimed to explore the diversity of tree species and evaluate the economic value of wood
in the area of Phratamnak Mueang Nakhon. A sample plot of 20 x 50 meters with a total of 5 plots was designed
for surveying plant species and number of plants. The value of wood, logging costs including net worth were
evaluated. The results showed that Pratumnak Muang Nakhon had a total area of 52 rai with 3,777 trees of 16
species and 12 families. Champathongs was found to be the most abundance followed by Mangosteen, Niang,
Longkong, Sato, durian, Ma Fai Krathon, Mahogany, Rambutan, Langsat, Yang Na, Artificial, and Mafaika,
respectively. The total forest volume was 3,399.28 cubic meters, which is an economic value. The total forest
timber cost was 22,232,800.65 baht, with a logging cost of 2,726,322.93 baht and a net worth of 19,506,477.72
baht.

Keywords: economic valuation, wood, Phratamnak Mueang Nakhon

! guninenmanidanaey aneIneimanstasnalulal unnInendussiquasAteIINTIY UATAISITNIIY 80280
! Environmental Science, Faculty of Science and Technology, Nakhon Si Thammarat Rajaphat University, Nakhon Si Thammarat

80280

*Corresponding author, Email: Wattananarong@gmail.com



254 MTASNYATNLIBUNGT 2567 : 42 (2) : 253 - 264

AUN

ninensUlal (forest resources ) munefia ninenseng 4 Adegludsauvesdmnudn lidesdudddinnie

'
a

aclaifiTin niwernstliSomnesmdmdnennsey q dnaduidownan Ul Sulduadulyl @ v vesth fiau fuh
&1513 uazanmwIndeuTlurestn 18 niwens ﬂwlﬁLﬂum%’weJWﬂiﬁiimﬁﬁ‘ﬁ"ﬁmmﬁﬁ@@iamﬁﬁﬁﬁ%maduywﬁﬁ”’q
NNATI UAZNIO O 13J’h%LﬂuLma'dﬁagjmﬁmmé’miﬂw p13nwilsn Wuunasiuignsns AABAIUNTTINYIAUARNY
fnAuazdwindo ﬁ’qﬁ?uw%’wmﬂﬁﬂwlﬂ?jqﬁfud%ﬂuw%"wmﬂﬁﬁﬁﬁmﬂaﬁﬁmmﬁwﬁ@uazﬁqmmﬁqﬁﬂaﬁaﬂg%’ﬂﬁLLagﬁuz\lj
ysaeninensUlilvidanuauysal (Protected Area Rehabilitation and Development Office, 2017)
Uspnalneysvauilymiioilianasededeiies wiiaziinsauaanmiienun1niyg ﬁmimﬁagaﬁuﬁﬂﬂ
I ousednauied w.e. 2565 wuin Uizmﬂimﬁﬁuﬁﬂﬂﬁag} Wedu 102,135,974.96 15 fansannisuvsiiuiivnliinn
iaANUI mwlﬁmamquﬁ,{uﬁ 14 Fsnia Siuiiveun 46,150,901.40 15 wuiuiunlsl 11,224,484.95 15 vositud
welunald Sorinunseasssusudusortanisvesniald diuiiald vedu 1,136,471.20 13 vietesar 18.40 veq

fufidenin luilagtunuiiudvildludmiauesaisssusvanatesgiereiiios (Royal Forest Department, 2023)
amnnisanasvaamnsnensuill drundadunamnannssaldvihanetn ﬂﬁ%mmﬁuﬁﬂ’]Lﬁaﬁagmﬁ’wgamimwm
nsyngniuiiviliidesannisfisfuresswutsssing anmasvgatagou auvmvesymivaioradumse
Nuiiiidnvariindrondfuaufansisuy mﬂ%ﬁuﬁﬂﬂﬂamwsaﬁmﬁ’uﬁgumﬂmﬂ%’ﬁuﬁﬂﬂﬁ?uiﬁl,t,aw:iucﬁmiﬁ%’u

v '
a

Uselomiannnisasey vesiiudivrduldlunanfersusy nmsldsuusslvmdananmeinaid Aulaauliody 18+
(Department of Environmental Quality Promotion, 2017)

Mﬂaﬁﬂﬂﬂuﬂiiﬂgﬁ’]ﬂ@]{ﬁgﬁﬂuﬂ%aJW%J‘WEJ’m‘iﬂWVLﬁ (total economic value of forest resource) \ugarflaviou
femnmelavesuszrviludsauiiinanmsldUseloviuaglldldusgloviannineinsunldl dnasugeansliuo
yaraasygmaniiuaveminensUlieanidu 2 Vssnldud yasnslivsslond (use value) uazyanlaild
THUseTomd (non-use value) Mnn3wennsUnlsl (Suksard, 2009) luluiinsgdmidnifosuasiasstuieduiiuseii
NITUYDINTLUINAUA INTZUTUTUNBLUAT AMNDTNADARLATUVNTIY UTHLNAURNTUALNTZUTIAN AT UATII
e sy o fosunselssuse Tnodsedluaunaldiiunvesmszganesaias fasrudoususesameluuuves
Y1 DIUATATITTUTIVUAZANAINIEVINS USIMEAT LTuvndn3aTuss SdunannsTewf aeuususienuns a
w@fauailouil 17 ameu wa. 2501 GﬁqLﬁuﬁ'ﬂwﬁﬁmmqmuaugia}ummﬁuﬁ 52 15 diaulyl wssaldvanenaney
¥iin widmadeyamadnnsdunnuanraisvessianssald yaanliluiiui fsumuliosadussuy sonlid
A1SANYITIUTIY Lﬁal%lﬂu%ayjaiﬁﬁ’uQ’ﬁﬁumdmﬁamuwszﬁmﬁﬂLﬁaauﬂﬂuﬁﬁuﬁdﬂ (Tongsamak, 2021)

andeyananundisiy shliiseaulafinw yarduasvshvveadoldluiiuiinsedmindosuns suathu
N1E BUNONINUAT FINTAUATATTITUINY ?fammmﬁw%’azﬂaﬁménmei’]ﬁms[ffft,ﬂuummﬂ‘umiawLme%aﬁwum
ulsvelifuusnadiuinssimindesuasilidldluomansiely



King Mongkut’s Agr. J. 2024 : 42 (2) : 253 - 264 255

A5n1sAnW

¥

NUNVIN1SANEI

o a A A a ° o A ° ad v v = ad A [
GﬂLUUﬂ’]{LUWUWUiL']mW§$W'1WUﬂLN@QUV’W DUNDONTVUAT INAUATATTIIUTIV UNUNUITZUN 52 15 (Flgure 1)

aagan e

Figure 1 Location of Phratamnak Muang Nakhon.

Source: Google. (n.d.)
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Y

LL‘Uad‘ﬁ 5 faninaluseuu UTM E591943 way N944778

Figure 2 A sample plot of the evergreen forest in the Phratamnak Muang Nakhon area.

Source: Google. (n.d.)
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Table 1 Name and the number of trees

the number of

common names scientific name family
plants

Pra (tree) Elateriospermum tapos BL. Euphorbiaceae a5
Orange Champaka Michelia champaca L. Magnoliaceae 107
Mangosteen Garcinia mangostana L. Guttiferae 23
Rambutan Nephelium lappaceum Linn. Sapindaceae 2
Durian Durio zibethinus Murray Bombacaceae 4
Santol Sandoricum koetjape (Burm. f.) Merr. Meliaceae 3
Longkong Aglaia dookkoo Griff. Meliaceae 7
Langsat Lansium parasiticum (Osbeck) K.C.Sahni & Meliaceae )

Bennet

) . " . Leguminosae -
Niang (tree) Archidendron jiringa (Jack) I.C.Nielsen ) ) 9
Mimosoideae

Fabaceae
Pakria Parkia speciosa Hassk. (Leguminosae- 7

Mimosoideae)

Gor (Tree) Castanopsis spp. Fagaceae 8
Yang (Tree) Dipterocarpus alatus Roxb. Dipterocarpaceae 1
Mahogany Swietenia mahogany (L.) Jacq. Meliaceae 4
Shorea Azardirachta excelsa (Jack) Jacobs Meliaceae 1
Wild Rambai Baccaurea parviflora Euphorbiaceae 1
Burmese Grape Baccaurea ramiflora Lour. Phyllanthaceae 3

wysauldfinunnndian Ae 1Umes 107 fiu sesaeun Ao Use 45 s dann 23 fu 1les 9 du e 8 fu aeINes
76U @gne 7 fu NiSeu 4 du ureenil 4 du gl 3 du nsevieu 3 fu 1w 2 AU dtan 2 du waznuteedign Ae

a [ 4
WU NYU wazazlaing PUIU 1 AU
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° v A e
uruduldlunundnuen

AulinszAuauas 130 wufuns lneduseuiseiuanugauiiesensiu 15 wuiwasiuluiiegluuiion
NuUNANWIVUa 1, 2, 3, 4 war 5 FeluwmazwUaamuinduiuduldunnaieiueenly A9 Table 2 wagdIuIUNsM

Tusazvdaluwrazulas

Table 2 The number of plants in plots

plots the number of plants
1 (E592098 N944852) 26
2 (E592060 N944841) 35
3 (£592034 N944809) 32
4 (591991 N944801) 50
5 (E591943 N944778) 84
total 227

L A a ° o A ° P P ° & v ° A A &
NURUSUNsEivinieauas wus1uusulinAnwswIuianun 227 du NNITFUNUNVIIVUA 5 RILNzZD)
a &  a a ° P v a P & P
wUaan 1, 2, 3, 4 ag 5 G9UIIULUaIN 5 Wummumuvl,ummqm 84 AU T9989U1AB LWUa 4, 2, 3 uag 1 wu 50, 35,

32 WAy 26 AU ANUA1RU (Table 3)

Table 3 The number of plants in each plot

plot/ the number of plants

plants ) ) 5 4 5
Pra (tree) 19 9 13 4 -
Orange Champaka - - - 35 72
Mangosteen 2 6 1 4 10
Rambutan - 2 - - -
Durian - 2 - 2 -
Santol 1 - 2 - -
Longkong - 6 1 - -
Langsat - - - 2 -
Niang (tree) 3 3 2 - 1
Pakria 1 6 - - -
Gor (Tree) - - 6 2 -
Yang (Tree) - - - 1 -
Mahogany - - 4 - -
Shorea - - - - 1
Wild Rambai - - 1 - -
Burmese Grape - 1 2 - -

total 26 35 32 50 84

YBanasuazyarvaiiiald
Us1nmslsl wansanwimudn Usunsslslufiufinsedminilosuasiamuawinguy 3,399.28 ANUIAALAT 9INN13

dsranunssailyl 16 villa (Table 4)
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Table 4 Plants, volumes of timber (the whole forest), volumes of timber, density and total of tree in the whole

forest
volumes of
total of
plants volumes of timber  timber (cubic density (per plant per .
(the whole forest)  metres per rai) plants in the
(cubic meters) percent) whole forest
Pra (tree) 893.80 17.19 14.40 749
Orange Champaka 1,358.33 26.12 34.24 1,780
Mangosteen 316.12 6.08 7.36 383
Rambutan 18.96 0.36 0.64 33
Durian 76.19 1.47 1.28 67
Santol 49.52 0.95 0.96 50
Longkong 87.36 1.68 2.24 116
Langsat 14.18 0.27 0.64 33
Niang (tree) 253.96 4.88 2.88 150
Pakria 123.72 2.38 2.24 116
Gor (Tree) 110.64 2.13 2.56 133
Yang (Tree) 21.83 0.42 0.32 17
Mahogany 30.26 0.58 1.28 67
Shorea 4.55 0.08 0.32 17
Wild Rambai 7.95 0.15 0.32 17
Burmese Grape 31.90 0.61 0.96 50
total 3,399.28 65.37 72.64 3,777

nnsEsUssalsiudsoendu 16 vin luuiinsedudniesuas T,m&JWﬁmiﬁﬁwuﬁmauﬁu;ﬂﬂﬁqﬂu
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13 USumslaiviaun 893.80 anuIAALNg w38 17.19 Qﬂmﬂﬁmmm%’aaazﬁwu 9An 383 AU ANUILIRUULYINAY 7.36
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LIRS %38 0.95 @Jﬂmﬁﬁmmwia%faaazﬁwu uzlns1uru 50 Fu AuvLLLiuiRY 0.96 Fusiels Usunasliiviadn 31.90
ANUIANLIAT %39 0.61 Qﬂmﬂﬁmmm%’aaazﬁwu ULFONNNIIWIY 67 AU AURUILULYINAU 1.28 durals USuns
1$avn 30.26 ANUIANLUAST %30 0.58 Qﬂmﬂﬁmmwia%aaazﬁwu WIEIIUIU 33 AU AURUILUUYINAY 0.64 Ausals
Usanasliian 18.96 anuIANLUAS %130 0.36 Qﬂumﬁmwia%'aaasﬁwu FENTUIU 33 AU ANURUILUUYINAY 0.64
Fusiols Usunasldiaun 14.18 ANUIAALUAT 130 O.ZY@Jﬂmﬂﬁmeaﬁvaaazﬁwu PIUNTIUIY 17 FY AURUILUY
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$1 17 U AEsLILLUYIAY 0.32 dusisls Usinaslian 7.95 anuIAfLUAS %138 0.15 @Jﬂmﬂﬁmmsia%faaazﬁ
nu

yarlivinsuszuyarlae3eudiouiusiaies Thai Customs (2021) dwsuldeyadunaeivseidu e
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Table 5 Assessment of prices of wood for export duty

assessment of prices of timber for export duty

plants (THB per cubic)
Orange Champaka 11,560.00
Santol 8,677.00
Yang (Tree) 8,677.00

Source: The Customs Department (2020), cited in Royal Forest Department (2020)

Table 6 The local market price

plants prices of wood (THB per cubic)
Pakria 2,990.44
Gor (Tree) 2,990.44
Mahogany 2,990.44
Shorea 2,990.44
Wild Rambai 2,990.44
Burmese Grape 2,990.44
Pra (tree) 2,990.44
Mangosteen 2,990.44
Rambutan 2,990.44
Durian 2,990.44
Longkong 2,990.44
Langsat 2,990.44
Niang (tree) 2,990.44

Source: The Customs Department (2020), cited in Royal Forest Department (2020).

Table 7 Value of assessment of prices of timber for export duty at Phratamnak Muang Nakhon

volumes of timber  assessment of prices of timber for

plants (the whole forest) export duty total value (THB)
(cubic meters) (THB per cubic)
Orange Champaka 1,358.33 11,560.00 15,702,296.67
Santol 49.52 8,677.00 429,694.15
Yang (Tree) 21.83 8,677.00 189,439.96

total 16,321,430.78
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Table 8 Value of timber at Phratamnak Muang Nakhon (the local market price)

olants volumes of timber (the whole the local market price total value (THB)
forest) (cubic meters) (THB per cubic)

Pra (tree) 893.80 2,990.44 2,672,842.43
Mangosteen 316.12 2,990.44 945,352.69
Rambutan 18.96 2,990.44 56,701.41
Durian 76.19 2,990.44 227,854.28
Longkong 87.36 2,990.44 261,239.17
Langsat 14.18 2,990.44 42,408.61
Niang (tree) 253.96 2,990.44 759,442.52
Pakria 123.72 2,990.44 369,972.82
Gor (Tree) 110.64 2,990.44 330,864.85
Mahogany 30.26 2,990.44 90,486.39
Shorea 4.55 2,990.44 13,612.55
Wild Rambai 7.95 2,990.44 23,778.15
Burmese Grape 31.90 2,990.44 95,397.86

total 5,889,953.73

PnMsdTtuiuinsgimdndemas ITuulsnmsimualudwiniu 3,399.28 anuiAniuns WaA1wIn

gaﬁiﬂﬁﬁ%ﬂwmﬁu 22,211,384.51 U™

v
o va o

Auvunsi bl Tuauddediideivunsunuaiuenuiddsues Roongtawanreongsri (2006) Inefistuaziden 9

Table 9

Table 9 Costs of logging

item the cost per cubic meter total cost per cubic meter (THB
(THB per cubic) per cubic)

cut down trees 93.57 318,070.63
uproot the stumps 267.34 908,763.52
haul it back by the vehicle 267.34 908,763.52
tax ID 133.67 454,381.76
supervise 40.10 136,311.13
total 802.03 2,726,290.55

Source: Roongtawanreongsri (2006)

yar1 bl amunvenseininideunswinnu 22,211,384.51 v llevnaudunu lunisvinldivindu

2,726,290.55 U™ meagﬁuaﬂaﬁﬂﬁqw%mmwszﬁmﬁﬂLﬁaquﬂﬂvhﬁ’u 19,485,061.59 U 79 Table 10

Table 10 Net worth of timber

total value (THB) costs of logging (THB) net worth (THB)
22,211,384.51 2,726,322.93 19,485,061.59
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Abstract

This article aimed to present strategies for creating a tree bank. Activities in tree bank plots for
sustainable community environmental management and raising the household economy according to the new
economic model were studied. The research area is a community that has successfully managed a tree bank
and has been praised as a model in 3 regions, including 3 locations: Ban Tham Suea tree bank in Phetchaburi
province, Khao Chakan agroforestry tree bank in Sa Kaeo province and Ban Khlong Ruea tree bank in Chumphon
province. Data were collected through in-depth interviews. Group interviews were conducted and tree survey
plots in the field were prepared. Committee members of the Tree Bank and representatives of the 3 Bank for
Agriculture and Agricultural Cooperatives (BAAC), 11 people each, totaling 33 people were purposive sampling.
Content analysis and the abundance of plant species were analyzed using the Menhinick (1964). The research
results showed that the strategy for creating a tree bank involved group forming of household members with

their own land by planting trees in agroforestry plots. The group acquire wood as an asset and use trees as
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collateral to guarantee loans from financial institutions that are guaranteed by the state. Environmental activities
were organized by planting trees of at least 25 perennial trees per rai. 58 plant species as specified by the BAAC
were chosen. Nourish the soil with compost made from scraps of leaves and branches. The richness index (R,)
analysis showed that the abundance of tree species in all plots was at a high level (R, =2.5-4.5). In terms of
upgrading the household economy, knowledge of the production of firewood and burn charcoal, wood vinegar
from trees, wood processing for house construction and furniture products was disseminated by the tree bank
by organizing learning center and eco-tourism. Collaborative networks with organizations and educational
institutions were built in order to use the tree bank for sustainable development.

Keywords: tree bank, tactics, community environment, household economy
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Figure 1 Map showing 3 research areas Source
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Figer 2 Burning charcoal to make wood vinegar Planting tree seedlings Training tourist attraction Homestay

accommodation.
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Table 1 Summary of tree bank activity plans for environmental management and household economic

development of three model tree banks in 3 regions.

Operation

Tree bank creation activity

Khao Chakan Agroforestry Tree
Bank, Khao Chakan, Sa Kaeo

Ban Khlong Ruea Tree Bank,

Phato ,Chumphon

Ban Tham Suea Tree Bank ,Kaeng
Krachan, Phetchaburi

Operate a tree

bank. (years)

Starting from 2008 to present, total
14 years.

Starting from 2007 to present,
total 15 years.

Starting from 2007 to present, total
15 years.

Sustainable
community
environmental

management.

- Storage and preservation
Restoration and development of
resources and the environment.
-Utilizing resources and the

environment in the tree bank.

- Storage and preservation
Restoration and development
of resources and the
environment.

-Utilizing resources and the

environment in the tree bank.

- Storage and preservation
Restoration and development of
resources and the environment.
-Utilizing resources and the

environment in the tree bank.

Upgrading the
household
economy towards
sustainability
according to new
economic
development
principles.
(BCG Economy)

-Bio economy

Planting tree seedlings for sale
-Circular economy

Make leaf soil, burn charcoal and
collect wood vinegar.

-Green economy

Open a learning training center (3 B),
open a wood processing plant, open
a learning room of the Institute for
the People.

(University of Life)

-Bio economy

Planting tree seedlings ,
carbon credits

-Circular economy

Make leaf soil, burn charcoal
and collect wood vinegar.
-Green economy

It is a learning center,

homestay, tourist attraction.

-Bio economy

Planting tree seedlings , carbon
credits

-Circular economy

Make leaf soil, burn charcoal and
collect wood vinegar.

-Green economy

It is a learning center, homestay,

tourist attraction.

Sustainable
development
goals.
(SDGs)

Goal 1: Eliminate poverty

Goal 2: End hunger and promote
sustainable agriculture.

Goal 3: Ensure people live healthy
lives.

Goal 13: Solve global warming
problems

Goal 15: Restore and support the
sustainable use of terrestrial

ecosystems.

Goal 1: Eliminate poverty
Goal 2: End hunger and
promote sustainable
agriculture.

Goal 3: Ensure people live
healthy lives.

Goal 13: Solve global
warming problems

Goal 15: Restore and support
the sustainable use of

terrestrial ecosystems.

Goal 1: Eliminate poverty

Goal 2: End hunger and promote
sustainable agriculture.

Goal 3: Ensure people live healthy
lives.

Goal 13: Solve global warming
problems

Goal 15: Restore and support the
sustainable use of terrestrial

ecosystems.

The abundance of

perennial plants in

the tree bank plot.
(Ry=s/v/n)

R, =(50 /+400) =25

-Number of species(s) (s) : 50 species
-Number of standing trees (n) : 400
-Multiple value (Ry) : 2.5

R, = (45 /V100) = 4.5
-Number of species (s) : 45
species

- Number of standing trees (n)
: 100

-Value of multiplicity(R,) : 4.5

R, = (40 / V144 =333

-Number of species (s) : 40 species
- Number of standing trees (n) :
144

-Value of multiplicity (R,) : 3.33

Expanding the area
of tree bank

operations.

From the tree bank in the village, go
out into Khao Chakan Subdistrict,
Khao Chakan District. Going to the
whole Sa Kaeo province And it is a
place for training 3B (intensive level)
where people from all over the
country, 77 provinces come to train,

a total of 50 batches.

From the tree bank in the
village, going out into Pak
Song Subdistrict. Phato
District to the whole of

Chumphon Province.

From the tree bank in Ban Tham
Suea village, it goes into Kaeng
Krachan Subdistrict, Kaeng Krachan
District, and

into the entire Phetchaburi

Province.
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