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Comparison Studies of Cultivation Technology of CBD

and Superfood Hemp Varieties
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Studying the research and the development of the hemp (Cannabis sativa L.) cultivation
technology on the CBD types and superfood type of hemp varieties was divided into two experiments
i.e. 1) the cultivation technology and harvesting of CBD type hemp varieties were studied on the
characteristics of varieties and the effect of fertilizer formulates on growth and yield of three hemp
varieties; CD1, 1:20 and CD2 purple. Three methods of canopy training: no-training (Christmas tree
shape), the screen of green (ScrOG), and low-stress training (LST) and three different fertilizer formulates
applied on 60-day post-planting: no fertilizer, 15-15-15 fertilizer at the rate of 25 kg/rai, and 4-12-15 at
the rate of 25 kg/rai were also examined. The results showed the CD2 purple variety with no training
(Christmas tree shape) and applying fertilizer formula 15-15-15 on 60 days after planting had the highest
growth and yields. The highest plant height of 382.0 cm, the highest plant weight of 12,500 grams, the
highest number of inflorescences of 35.3 inflorescences/plants, the largest inflorescence length of 57.7
cm, and the total inflorescence weight of 8,066.7 grams were exhibited. In addition, the study on the
effect of varieties and harvesting stages of the mature inflorescence stage on the main substance
contents of three CBD types of hemp varieties found that CD1 cultivars harvested at 50% of the mature
inflorescence stage had the highest CBD content (11.46% w/w of dry weight) and 62.00% w/w of crude
extract. Then 2) the effect of cultivation technology and harvesting on the growth and yield of eight
hemp varieties, namely RPF1, RPF2, RPF3, RPF4, RPF5, RPF6, RPF7, and RPF8, were studied. The results
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revealed that the RPF6 variety gave the highest seed yields per plant at 107.4 grams and the highest

extracted oil percentages at 15.0 %w/w. Besides, the effect of varieties (eight hemp varieties) and

harvesting stages on the percentage of seed germination (50, 75, and 100% stages) were studied. It was

found that the RPF6 variety harvested at 75% had the highest germination percentage at 94.0%.

Therefore, the harvesting stage of hemp seeds at 75% that was suitable for producing seeds for sale

and extracting oils, would be advised to the farmers.

Keywords: Cannabis sativa L., hemp CBD, hemp superfood, cultivation technology
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Table 1 Effects of varieties, canopy training, and fertilizing method on growth and yield

of three CBD hemp varieties 120 days after planting

Varieties Canopy Fertilizer Plant Plant Plant Leaf No. of Inflorescence  Inflorescence
training formula height canopy weight weight inflorescences length weigh/plants
method (ecm) (cm) (g) /Plant (cm) (g)

CD1 No-training 0 120.7h 111.0i 2,400.0i 280.0hi 24.3c 42.0a-f 1,326.7e

15-15-15 123.7h 110.3i 3,663.3¢ghi 326.7hi 24.0c 48.7ab 1,505.0e

4-12-15 119.7h 116.0i 3,133.3hi 328.7hi 24.0c 51.3ab 1,686.7e

ScrOG 0 122.7h 111.3i 2,600.0i 253.3hi 7.7def 50.7ab 1,413.3e

15-15-15 122.3h 121.7hi 3,040.0i 207.7hi 7.3def 53.7ab 1,480.0e

4-12-15 111.7h 115.7i 2,733.3i 240.0hi 9.0d 50.0ab 1,460.0e

LST 0 118.3h 100.3i 2,333.3i 276.7hi 8.7d 41.3a-g 1,323.3e

15-15-15 129.3h 110.3i 3,000.0i 330.0hi 7.7def 47.0a-d 1,686.7e

4-12-15 115.7h 107.3i 2,633.3i 240.0hi 7.7def 47.7a-c 1,436.7e

1:20 No-training 0 328.0b 208.0bc 4,833.3e-i 515.0ghi 32.3b 49.7ab 2,476.7e

15-15-15 333.3b 208.7bc 5,700.0e-h 353.3hi 32.3b 37.3b-g 2,716.7e

4-12-15 317.3bc  201.3cd 4,533 .3f- 190.0i 32.3b 24.7fg 1,550.0e

ScrOG 0 240.0efg  225.0ab 4,500.0f-i 733.3d-h 7.0def 25.0fg 1,467.3e

15-15-15  263.0de  239.3a 5,900.0e-g 350.0hi 6.0ef 23.3g 2,600.0e

4-12-15 233.0fg 200.0cd 4,500.0fi 336.7hi 6.7d-g 27.0e-g 1,900.0e

Low stress 0 244.3def  192.0cd 4,766.7e-i 640.3e-i 7.3def 29.0d-g 2,533.3e

15-15-15 232.7fg 190.0cd 4,933.3e-i 550.0f-i 8.0de 30.0c-g 2,451.7e

4-12-15 217.7¢ 189.3cd 3,900.0¢hi 273.3hi 8.0de 44.0a-e 2,023.3e
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Table 1 (Continued)

Varieties Canopy Fertilizer Plant Plant Plant Leaf No. of Inflorescence  Inflorescence
training formula height canopy weight weight inflorescences length weigh/plants
method (ecm)” (cm) (9) () /Plant (cm) (g)
CD2 purple  No-training 0 361.0a 179.0def 7,333.3de 1,833.3a 37.0a 59.3a 5,793.3bcd
15-15-15 382.0a 185.0cde 12,500.0a 1,333.3bc 35.3a 57.7a 8,066.7a
4-12-15 362.7a 200.7cd 9,833.3bc 1,633.3ab 35.3a 50.0ab 5,383.3cd
ScrOG 0 261.3de 161.0f 8,600.0cd 1,033.3c-f 4.3g 59.0a 5,403.3cd
15-15-15 266.0d 124.3hi 6,833.3def 1,160.0bcd 5.3fg 50.7ab 2,540.0e
4-12-15 229.0fg 138.7gh 8,566.7cd 1,420.0abc 4.3g 55.0ab 4,883.3d
Low stress 0 266.3d 165.3ef 7,033.3def 466.7ghi 7.7def 49.0ab 4,783.3d
15-15-15  298.0c 157.0fg 11,166.7ab 950.0c-g 8.7d 54.3ab 6,900.0abc
4-12-15 257.3de 162.3f 11,333.3ab 1,066.7cde 7.0def 59.7a 7,400.0ab
F-test Cultivars > > x> o ** ** x>
Training *x *x ns ** ** ns **
Cultivars x Training *x *x ** ** ** ** **
Fertilizer Formula ** ns ** ns ns ns ns
Cultivars x Fertilizer * e ** ** * * *
Training x Fertilizer * * * * * ns x>
Cultivars x Training x Fertilizer * * x> * * * x>
CV (%) 5.76 7.87 24.02 21.61 8.63 21.48 25.05

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

YMeans within the same column followed by different letters are significantly difference by DMRT.
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Table 2 Effect of varieties and harvesting stage on CBD and THC contents of 3 CBD hemp varieties.

Varieties Inflorescence Crude Extract Dry Plant
harvesting stage CBD (%w/w)”  THC (%w/w)  CBD (%w/w)  THC (%w/w)

CD1 58.29 a 252b 9.09 a 0.40 b
CD2-Purple 2743 c 10.97 a 1.17 ¢ 0.47 a
1:20 40.52 b 1.16 ¢ 392b 0.11c
50 4358 a 522 a 5.58 a 0.41 a
75 42.84 b 452 c 4.49 b 0.26 b
100 39.81 c 492 b 411 b 031b
CD1 50 62.00 a 292d 11.46 a 0.54 a
75 61.37 b 282d 8.48 b 0.39 b
100 51.48 c 184 e 731c 0.26 ¢
CD2-Purple 50 28.16 ¢ 11.55b 142 e 0.58 a
75 25.62 h 9.61 c 0.70 e 0.26 c
100 2851 ¢ 11.75a 139 e 0.57 a
1:20 50 40.59 e 1.20 f 385d 0.11d
75 41.51d 114 f 430d 0.12d
100 39.45 f 1.16 f 3.62d 0.11d

F-test Varieties ** ** ** **

Inflorescence harvesting stage ** ** *x *x

Varieties x Harvesting ** ** *x *x
CV (%) 0.61 1.46 10.06 13.11

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

YMeans within the same column followed by different letters are significantly difference by DMRT.
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Table 3 Effects of eight superfoodtype hemp varieties on growth after planting for 150 days

Variety Average Average No. of Percentage Percentage Days to Days to
height plant Inflorescences of male of female male maturity
canopy /Plant plants plants flowering
(cm) (cm) (%)Y (%) (days) (days)
RPF1 197.6 b 146.5 ab 14.7 a 41.7 58.3 36.1 cd 117.9
RPF2 188.7 bc 135.9 abc 14.9 a 50.0 50.0 51.0a 117.8
RPF3 184.0 bc 123.0 bc 14.1a 37.5 62.5 437 b 119.3
RPF4 168.9 bc 121.0 c 118 b 62.5 375 44.7 ab 116.1
RPF5 167.2 ¢ 131.6 abc 140 a 50.0 50.0 47.3 ab 115.2
RPF6 181.2 bc 135.2 abc 138 a 375 62.5 42.4 bc 120.2
RPF7 2283 a 150.0 a 154 a 58.3 417 48.9 ab 119.7
RPF8 189.2 bc 126.1 bc 152 a 50.0 50.0 31.3d 116.2
F-test ** * * ns ns * ns
CV (%) 7.92 9.05 7.23 22.6 20.6 8.52 2.24

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

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

10
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Table 4 Effects of eight superfood-type hemp varieties on yield after planting for 150 days.

Variety seed Seed oil content Average seed 100 Kernel Weight of Incomplete
weight/plant after separation size (wide) weight inflorescences seed weight
with seeds per plant
(grams) (%) (mm)Y (grams) removed (grams) (grams)
RPF1 97.0a 151b 332 ab 6.80 abc 29.6 ab 277 c
RPF2 98.5 a 140e 337 ab 6.80 abc 34.1 ab 4.07 abc
RPF3 95.8 a 14.4 bc 3.35ab 7.20 a 32.1 ab 4.10 abc
RPF4 759 b 150 b 351a 7.13 ab 235b 3.30 bc
RPF5 92.2 ab 158 a 3.45a 6.47 ¢ 278 b 3.60 abc
RPF6 107.4 a 153 a 353 a 6.40 ¢ 35.5 ab 4.33 abc
RPF7 95.6 a 13.0f 317b 6.57 bc 44.3 a 557 ab
RPF8 98.9 a 14.6 bc 2.86 ¢ 6.60 abc 37.1 ab 6.17 a
F-test * *x *x * * *
CV (%) 10.99 0.94 4.05 4.66 24.05 21.81

ns, *, *%

are non-significantly difference, significantly difference at P<0.05 and P<0.01, respectively.

YMeans within the same column followed by different letters are significantly difference by DMRT.
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Table 5 Effects of variety and harvesting stage on germination rate of eight superfood-type hemp

Variety Harvesting stage (%) Germination (%)Y
RPF1 50 62.0 cde
& 65.5 bede
100 91.5 ab
RPF2 50 70.0 abcde
75 82.5 abcd
100 83.5 abcd
RPF3 50 62.5 cde
5 82.5 abcd
100 77.5 abcd
RPF4 50 58.0 de
75 72.5 abcde
100 86.5 abc
RPF5 50 46.5 ef
& 80.0 abcd
100 91.0 ab
RPF6 50 88.0 abc
5 94.0 a
100 86.5 abc
RPF7 50 69.0 abcde
75 85.0 abcd
100 88.5 abc
RPF8 50 32.0f
75 80.5 abcd
100 76.0 abcd
F-test Varieties *x
Harvesting stage *%
Varieties x Harvesting *x
CV (%) 21.16

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

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



Journal of Agri. Research & Extension 41(3): 1-20

ATUNANITIVY

Jagdusguainisaduayuuasudnaula

[ < A a ' 6V o 1%
wyaduiivasugialug Insvandennguaneyinli
Aygalidnduenanda Uszneufiuanyadidming

' 1 =2

sanulgs Jeaiusegslaliinuasnsiinnuaula

v 1 [

Ugninssegrenirernsannduiassme faug
CBD uway Superfood UJagyuiinarsusenlegi
wdniug fyananidmsming egadlsfanm
iielinumsnsanunsaugnuazdnnsnananld egng
gndes Jadududesdnisdnvinalulaglunisugn
wagiAuA I muzaui ouuzliinwnsnsugn
sel Tneftfyvats 2 Uszian Sanuusnsneiuly
sunsliusylend Ae Wus CBD livenenifieadin
asdrAydmsuldnianisunnduazgnainnssy
Tuvaugfiiug Superfood Twdmierunatatitu
vidouusguduoms lusuvesiugfayweiild@nu

Tunsailiduiugivgnuan CBD vesdnntuidonay

v '
=

WAUIVUN Ui g9 (aeAn1sun1vu) A 8elailadu
=

2

neifouiug Fsldfismitemszogludunouns
Usvillunuggnuas 4 3 Wug laun CD1, 1:20 uag
CD2 purple kagdaunug Superfood TEW gAY
RPF1-8 At ummdutunaivmmnes Terus RPF1-4
i uneifoulud we. 2554 dauus RPF5-8 Téay
neidouiuglul w.e. 2564 lagUSuusanugunain
RPF1-0 Trifiefidusiidulouasinguiigatu
nsfnwunaluladnisugnuazifiuii o)

[

fyvaiug CBD type lnsfnwanuauzUszd1iug
LazNavesgnstefidnenisiaiyivlauaznandn
Aayws Wug CBD naus1ngdn Wug CD2 purple il
InTaNy (nsesunsanung) waslidegns 15-15-15
vdagn 60 Ju fimsasyAvlauazlinandngeiian
40AAAB4AU Pinmanee and Yanaphan (2018a) i
wusililade 3 adiludasennon Weifiuaunin

Tunswdndniug lnglideans 15-15-15 §ms 25

nn /13 walunsdd 4 lddanldduniswdatenen
wuganzduanouviln wudilduadiguiy
Atoloye et al. (2022) laseanuiinslidelulasiau
fuasenandnan NaNaAULTS Lavaisana CBD
Tuvauzil Wei et al. (2023) 1891311 glulasiay
weanlosanarlusunadoniinanzaud snsdu
8:1:5 fiadlua/ans duasou minuisen Yenen
wazUsunauans CBD lumsdgnigyadlussuulalasiy
1nd dwsuluaunisdansaunudn Knight et al.
(2010) 19518971 3IN1FIANTINULUY ScrOG @310
Wiunandnvenenuas THC Tilunisugninyislelas
Tidnd nmsdansen nuazdaused sfnansninm
aiauevesasanaileUgnluuTmamin waznns
Ugnidnailvanauainianevesansadausiiiy
mawﬁmmﬁumﬁmm?j’u (Danziger and Bernstein,
2021; 2022)

dmfumsugnigead oldusgloviinig
nsunnduazgmamnssuluseUssmeaiiu asdanss
W ULUY Screen of Green (ScrOG) (Knight et. al.,
2010) wag Low stress training (LST) (Riley, 2016)
Woifiumandnuazaun1n 2nnsAnyIE8an15dn
NN uvesiyananyyinyve lulseinalnedad
Aoudnedidn ilesandivdifsldsunisnenede
genvndydenanfnliinuussand 5 audsene
NINTNENS IO aeTuRl 8 nuS wel 2565 Tl
fywdlsiduenania dudusui o dgweu we. 2565
Huduly edningimsugninudlulszmelnedy
nsUgniit endndulouaznanudnwugidundn
dmfunisugniil elduszlovnianisunnd ie
9Ma1N33u (Kanchanaprachot, 2007) #ngUszasa
nsUgniftearinans CBD fidyarngs deiudedinag
wAauazquasnuuvulsednneldlsuiou i
lsaSeuuninazAruANgNAT vselsusauwuuln
(Sunthompravet, 2021; Tiaamrung et al,, 2021) 6?'7 INUIN

faflasdnnugluaunmsdamsssiioliunandnlay

13



5ANTIVYLATANASUITINITINYAT 41(3): 1-20

AanmAsut1edde WeIsuifisuiussdaug
Tudrunisdansanuveslsinasidnne q 7 Ugn
Tuuszwmalne Wy aile (Khaosumeru et al,, 2016)
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delonalumsifuifendlelilduinaasgsgald
ot9lsfnnluii didun1sAnudmsuuugdnli
inwnsnsUgnwantenandiviineiieldussloving
nsunnduazgnamnsl Ssmsiansany3una CBD
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1.686 n3u/gu) Tuvnigdiiug CD2 purple fU3unu
CBD 1oy (1.17-1.42% w/w vaumdnusa) wali
g onensauan (5,683.7-8,066.7 NSU/Hu)
ﬁ”lqﬁymaiswuaﬂ”maﬁaﬁﬂ”ggﬁf\nimm%mm
arsdrngduinasilunisiivunsiaieeiguiy
fafuTsmadoniudfifiusinaans CBD gefigavide
flans CBD 9-11% 4wl Feuenainsvenifiuiiendn
Massuela et al. (2022) l¢seamuinssesnafuiien

LAZLNANALUNISANLAIYDABNINAN DALY UTY

uarkanaAnaNs CBD Bnde Madmsfinisugnuaaoy
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eilaATwgmaniiddy un Wefiduddumade
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wonNAeIisaANlumUNaNARLLAARAY USua
dhsfuudh msiasaniudenuaadawasdeidus
Fumedlosie Wesnvunawdeilnevildause
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Thnunsnsiiuisnadaiyweiisses 75% July
Pinmanee and Yanaphan (2018a) la wuzwli
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gefian 7 11.46% w/w wazdiuura CBD 62.00%

wW/W RRUNALNEISANANEIU

ms@nwimealuladmsUgnuaziiuifentys
g Superfood type Ing @ nwinavewiug A ns193ay
Wulsuaelikandnueaiass 319U 8 Wug nausIngdn
Wug RPF6 Tiinananiudnsiodugedian 7 107.4 nfu
Woedduiisufladngs 15.3% wazauiamdaniig
3.53 fadiuns JumngdmsusuzdlinynInswan
dielfifumdauilandwiuatatgiu dawnising
navesiusuazsroziiufsdeediduinisienyes
wién lnefnuiludyediuig 8 Wud wasszesiiv
R 3 Szey WuIug RPF6 LAUAYIISze 75% i
Wodduinissengefian 7 94.0% fafuTsmaiy
Aenudadyueiiszes 75% Juld dmsuwusili
\nwasnIHAREnTUSI oS e

q

AnRNIsUUsZAA

ALK VBVBUNTEAMYATISIATINITNA
advayusulssiiutualunisideas el
YBYOUAMANITUITTELAT WAL UT Y (99ANIT

s

wmy) 7 ianueuasIzhudanug uaziwiug
Aywanldluanuide wazveveunsEAMiIvUT Uag
Wt vesandinunsvalsdunuuniilalvaiiy
DULATIBANUNIUNITNARDY YINTOLALBIUIEAIY

13 ¥ I ' a
azaantunisuszanunulunmsiiudeyailusead
vavauAnldtkaz U URuluiesldfinns

[ 13 v ¢
arsannayulng eraswdaiuduazayulnsulsgy

L3

ALGITLUaTRININYASIATIN SR YU BIUATANS
LAzl MU Y0AUg INYIAIAATNITUNNE N 1

(Y]

a | Ay v a ¢ °
Wealul lvendeynsesilunsinseviasdify

]

16



Journal of Agri. Research & Extension 41(3): 1-20

LONE15D19D9

Abdollahi, M., F. Sefidkon, M. Calagari,

A. Mousavic and M.F. Mahomoodally.
2020. A comparative study of seed yield
and oil composition of four cultivars of
Hemp (Cannabis sativa L.) grown from
three regions in northern Iran. Industrial
Crop & Product 152(112397): 1-8.
[Online]. Available http://doi.org/10.1016/
j.indcrop.2020.112397 (February 20, 2024).

Adesina, I., A. Bhowmik, H. Sharma and

A. Shahbazi. 2020. A review on the

current state of knowledge of growing

conditions, agronomic soil health practices

and utilities of hemp in the United States.
Agriculture 10(4): 129. [Online]. Available
http://doi.org/10.3390/agriculture10040129
(December 17, 2023).

Amaducci, S., M. Colauzzi, A. Zatta and

G. Venturi. 2008. Flowering dynamics in
monoecious and dioecious hemp
genotypes. Journal of Industrial Hemp
13(1): 5-19. [Online]. Available
http://doi.org/ 10.1080/15377880801898691
(December 17, 2023)

Amaducdi, S., D. Scordia, F.H. Liu, Q. Zhang,

H. Guo, G. Testa and S.L. Cosentinob.
2015. Key cultivation techniques for
hemp in Europe and China. Industrial
Crops and Products. 68: 2-16.

[Online]. Available http://doi.org/10.1016/
j.indcrop.2014.06.041 (December 17, 2023).

Atoloye, I.A,, I. Adesina, A. Shahbazi and

A. Bhowmik. 2022. Response of
cannabidiol hemp (Cannabis sativa L.)
varieties grown in the southeastern
United States to nitrogen fertilization.
De Gruyter. 7: 373-381. [Online].
Available http://doi.org/10.1515/0pasg-
2022-0094 (February 2, 2024).

Barsby, J.P., JM. Cowley, S.Y. Leemaqz,

J.A. Grieger, D.R. McKeating, A.V. Perkins,
S.E.P. Bastian, R A. Burton and T. Bianco-
Miotto. 2021. Nutritional properties of
selected superfood extracts and their
potential health benefits. Peer J-Life
and Environment 2021:1-20. [Onlinel].
Available http://doi.org/10.7717/
peer}.12525 (December 23, 2023).

Cannabis Laboratory Testing Coordination

Center. 2019. Report on Medical
Cannabis Operations. Bangkok:
Department of Medical Sciences,

Ministry of Public Health. 62 p. [in Thai]

Chicago Cannabis Company. 2019. Hemp CBD

Planting Guide. V.1 2019, Apr. 28.
Chicago: Chicago Cannabis Company.
15 p.

Chimthong, S. 2012. Effects of Five Shapes of

Pruning on Leaf Budding, Flowering,
and Yield of Golden Nam Dok Mai
Mango. Annual Research Report 2011.
Chiang Mai: Maejo University. 45 p. [in Thail

17



5ANTIVYLATANASUITINITINYAT 41(3): 1-20

Danzinger, N. and N. Berbstein. 2021. Shape

matters: plant architecture affects
chemical uniformity in large-size
medical cannabis plants. Plant
10:(1834): 1-18. [Online]. Available
http://doi.org/10.3390/ plants10091834
(February 3, 2024).

. 2022. Too dense or not too dense:
higher planting density reduces
cannabinoid uniformity but increases
yield/area in drug-type medical
cannabis. Frontiers in Plant Science
13(713481): 1-18. [Online]. Available
http://doi.org/10.3389/fpls.2022.713481
(February 3, 2024).

Darby, H. 2017. Industrial Grain Hemp Variety

Trial. Burlington: Northwest Crop & Soil
Program, University of Vermont
Extension. 9 p.

. 2019a. Industrial Grain Hemp Variety
Trial. Burlington: Northwest Crop & Soil
Program, University of Vermont
Extension. 6 p.

. 2019b. Hemp Flower Variety Trial.
University of Vermont Extension.
Burlington: Northwest Crop & Soil
Program. 19 p.

. 2021. Industrial Grain Hemp Variety
Trial. Burlington: Northwest Crop & Soil
Program, University of Vermont
Extension 10 p.

. 2022. Industrial Grain Hemp Variety
Trial. Burlington: Northwest Crop & Soil
Program, University of Vermont

Extension. 9 p.

Department of Academic Affairs. 2021. Farmer's

Guide: Production of the Genus
Cannabis for Medical and Industrial
Use. Bangkok: Office of Experts,
Department of Academic Affairs. 151 p.
[in Thai]

Drotleff, L. 2021. Hemp Variety Yearbook.

2nd Edition. Colorado: Hemp Industry
Daily. 57 p.

Food Institute, Textile Institute and Small and

Medium Enterprise Development
Institute. 2022. Hemp as a New Cash
Crop: Industrial Utilization. Bangkok:
Food Institute, Textile Institute and
Small and Medium Enterprise

Development Institute. 69 p. [in Thai]

ISTA. 2018. International Rules for Seed

Testing. Bassersdorf: International Seed

Testing Association (ISTA). 46 p.

Kanchanaprachot, A. 2007. Hemp. Chiang Mai:

Tone Color. 90 p. [in Thail

Kaveeta L., Y. Paopun, K. Promratrak,

M. Nanakorn, S. Suwanwong,

R. Sengloung, W. Nanakorn and

S. Thantiviwat. 2006. Morphological
and anatomical characteristics of hemp
(Cannabis sativa L) in Thailand.

The Agricultural Science Journal

37(4): 293-302. [Online]. Available
https://www.thevespiary.org/library/Files
_Uploaded by Users/llamabox/Morphol
ogical%20and%20anatomical%20charact
eristics%200f%20hemp.pdf

(December 26, 2023). [in Thail

18



Journal of Agri. Research & Extension 41(3): 1-20

Khaosumeru, Y., C. Sritanathip, S. Changjaraja,

P. Phetchabun and R. Hochairat. 2016.
Longan Orchard Management Manual.
Chiang Mai: Rajamangala University of
Technology Lanna Printing House. 44 p.
[in Thai]

Knight, G., S. Hansen, M. Connor, H. Poulsen,

C. McGovern and J. Stacey. 2010. The
results of an experimental indoor hydroponic
cannabis growing study, using the
“Screen of Green” (ScrOG) method,
Tetrahydrocannabinol (THC) and DNA
analysis. Forensic Sci Intl. 202: 36-44.
[Online]. Available http://doi.ore/10.1016/
jforsciint.2010.04.022 (December 27, 2023).

Liu, X, J. Jin, S.J. Herbert, Q. Zhang and G. Wans.

2005. Yield components, dry matter, LA
and LAD of soybeans in Northeast China.
Field Crops Res. 93: 85-93. [Online].
Available http://doi.org/10.1016/
j.fcr.2004.09.005 (January 5, 2024).

Massuela, D.C., J. Hartung, S. Munz, F. Erpenbach

and S. Graeff-Honninger. 2022. Impact
of harvest time and pruning technique
on total CBD concentration and yield of
medicinal cannabis. Plant 11(140): 1-16.
[Online]. Available http://doi.org/10.3390/
plants11010140 (January 15, 2024).

Nanakhon. V. 2021. Hemp (marijuana).

Nonthaburi: Thammasarn. 198 p. [in Thai]

Phakdi, N., P. Chaiprasat and P. Soipetkasem.

2020. Knowledge Management and
Technology Transfer for Producing
Good Quality Durian Fruits cv. Long
Lab-Lae and Monthong for
Commercial at Lower Northern Part of
Thailand. Research and Innovation
Utilization for Community. Report of
Activities to Extend and Support Research
by the National Research Council of
Thailand (NRCT) for the Fiscal Year 2020.
Bangkok: National Research Council of
Thailand (NRCT). 109 p. [in Thai]

Pinmanee, S. and R. Yanaphan 2018a.

Handbook for Hemp Seed Production
under a Controlled System. Highland
Research and Development Institute
(Public Organization). Chiang Mai:
Wanida Printing. 62 p. [in Thai]

. 2018b. A Practical Guide to Growing

Hemp under a Controlled System.
Highland Research and Development
Institute (Public Organization).
Chiang Mai: Wanida Printing. 78 p.

[in Thail

Plant Control Group, Bureau of Plant and

Agricultural Materials Control, Department
of Academic Affairs. 2022. Obtaining
Permission under the Plant Variety
Act 1975 for Cannabis Seeds (Hemp)
as a Guideline After June 9, 2022. 11 p.
[Online]. Available https://cannabis.fda.
moph.go.th/manual-cannabis-2022/
(June 1, 2023). [in Thail

19



5ANTIVYLATANASUITINITINYAT 41(3): 1-20

Riley, R. 2016. Growing Elite Marijuana.

Uttar Pradesh: Infinity Publishing. 516 p.

Sunthornpravet, P. 2021. Development of
medical Marijuana in community
enterprises. Thai Research and
Management Journal 2(1): 86-102.

[in Thai]

Suriyong, S., N. Krittigamas, S. Pinmanee,

A. Punyalue, and S. Vearasilp. 2015.
Influence of storage conditions on
change of hemp seed quality.
Agriculture and Agricultural Science
Procedia 5: 170-176. [Online]. Available
http://doi.org/10.1016/j.aaspro.2015.08.026
(January 22, 2024).

Tiaamrung, N., N. Boonkerd and P. Tidtabutr.
2021. Report on Research on the
Production and Utilization of
Cannabis (Marijuana). Research Report
on Research Grants from the Research
and Development Fund at Suranaree
University of Technology, Fiscal Year
2019-2020. Suranaree: Suranaree
University of Technology. 71 p. [in Thail

Vogl C.R.,, H. Molleken, G. Lissek-Wolf,

A. Surbock, J. Kobert. 2004. Hemp
(Cannabis sativa L.) as a resource for
green cosmetics: yield of seed and fatty
acid compositions of 20 varieties Under
the growing conditions of organic farming
in Austria. Journal of Industrial Hemp
9(1): 51-68. [Online]. Available
http://doi.org/10.1300/J237v09n01 06
(January 29, 2024).

Wei, X., W. Zhou, S. Long, Y. Guo, C. Qiu,

X. Zhao and Y. Wang. 2023. Effects of
different N, P, and K rates on the Growth
and cannabinoid content of industrial
hemp. Journal of Natural Fibers

20(1, 2159605): 1-9. [Online]. Available
http://doi.org/10.1080/15440478.2022.21
59605 (January 27, 2024).

Yamyim, N., T. Phromwong and P. Kham-on,

1997. Study on Proper Arabica
Pruning Methods for Old Coffee
Plants. Chiang Mai: Highland Coffee
Research and Development Center,
Faculty of Agriculture, Chiangmai University.
49 p.

Yanaphan, R. 2019. A Guide to Growing Hemp

for Fiber Production under Control.
2nd Edition. Highland Research and
Development Institute (Public
Organization), Chiang Mai:

Wanida Printing. 24 p. [in Thai]

20



Journal of Agri. Research & Extension 41(3): 21-31

HavasTagUansen1sasgyiulnvasiulunigdadan (Cryptocoryne albida)
Tuszuulalaslusiing
Effect of Different Substrates on Growth Performance

of White Water Trumpet (Cryptocoryne albida) in Hydroponic System
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Cryptocoryne albida (R. Parker) is an economically significant aquatic plant in Thailand. However,
its natural population has been experiencing a considerable decline due to invasion and slow growth.
Using a hydroponics system with deep flow techniques (DFT) is an alternative tool for propagation used
for aquatic plants. This experiment aimed to examine the effect of different substrates (sponge,
rockwool and pumice) on the growth performance of C. albida. The experimental set had four
replicates, 10 plants per replicate. After 8 weeks, the result showed that sponge was the optimum
substrate that could significantly (P<0.05) increase average root length (16.98+1.73 cm). Other growth
performances in shoot height (12.01+1.79 cm), leaf length (9.72+1.42 cm), leaf width (0.65+0.10 cm) and
leaf number (4.25+0.61 leaves) were not significantly different (P>0.05) from other substrates. This study
has shown that sponge has good qualities for being substrate in hydroponics system due to the fact
that the pores are not tightly packed, resulting in the roots being able to penetrate easily and also

promoting air exchange, which could promote the growth of C. albida.

Keywords: Cryptocoryne albida, substrates, hydroponics
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@i (P<0.05) diumsiasaAulamasiiunIugs
A (12.01+1.79 93.) ANty (9.72+1.42 931.)
Arund19lu (0.65+0.10 93.) uazaululy
(4.25+0.61 T) faadoifistulduandratuogied
foddnymeada (P>0.05) Autanugndy q 91nwa
n1snmasskandliifuitetin s uandAia
Tumadutanugnnssaddhi-lussuuugnldtu idesann
Snwazfifigngulisaudu vivlisinasnsaveuly
1§ine fiveainsdmsunisuaniuasueimiaiusin
wssalls 3 Wawduasumss i uleveslunesatan

Iiauysnl ulauss uazinandnifinann

Adney: Tunedatnn danugn lelaslusing

Tumedadn Cryptpcoryne albida (R. Parker)
Hunssallsiiwiosduvedlneeylund Araceae wumin
nenanzFuandodld wazaiald Jumuiuiu
Yunneviietouiiuduss wiesssluanmwindeuiiil
vhnsedadndes dnvarvedundndndes Tuuan
soudduTuUsznudune swnvedlugniUszana
20-30 @31, 1119 1-2 @1, Aulue1 10-15 9. wiulu
fdnwnrsU3 fAdevdedtinasuuas luawns
WA sugUTuazdduniuaninuindon (Rodloy
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et al, 2004) (Figure 1) Jedauthanlglunsinlszau

a

guan vinliid unssaldunf drdgminasegie

s

(Rodloy, 2020) lun1edadadn1snszanewug
A doudredrdanazlusssuvifvgreiuglddn
(Pechkong et al.,, 2010) FaiinstuNvENERUT LAY
F3naeid sudode 1l ol nuSumduiug
Tuszaznaniiduas wdrdnhdugeunndedlussuy
lelaslusidng fianunsaniunuaninungd ouuay
Jadesine 9 18 i ldmandnidaunm dusiug
fanysaluazudouse

lalaslusing (Hydroponics) n3en15Ugn
firlaglaildfu WunsugnitnlagldTansng 9 Alafly
fu 1y nanusitn Tofiu wosh Augula (Husu
FafivarldsuinuarasararesineInaoniaT
winzauden1asyiulavesilaiug iy dewaly
wawdndinanniiaiiaue Unandagiy wazlse
waaiinanmsldfuugn devanildugnitedug
unusennaTiulaie Ae Premquludinyes

fwfiogwnietaniauisadnssegld iWuiegves

al

30 @wnsanninuiuazd15e9s Ry Il
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Y0379 asananiud sueniavessIni vl
AaandAvosiagugnililuszuulalaslusind as
annsndnwdanduresiuazornialiangay
naeaszavaInsUgn liflansidufivdefiviueg
LivufAzenfuaisazaissinemis utania
mnuaansalumsuanasulszgsnvise lsifiiae Lie
9gla lifinasioasdUsenouveIaTagaIesIn 01113
i snfivanmnsaunsnszaneldazainiaiagugn
\duvaniliduuvasarauvedlsauaziuas a1mnse
WTandgnna vuildlvdle wazdsiaign
(Pongchawee et al., 2015)
wanimilaandesAdafsnuaudiivesian
Ugnitinanld Ssfitiadsing o $ausne aun Uszuam
veeianUgn Anuamanzvesiy uavsvuulalasiusiind
Adenltinugniivarsianumnzaufufivung
iafeamsTanugniifinistnfiutings Tuvaedie
vrswdadeanistandgniidnsszuieunldd 3
N135AN®1Y89 Chhetri et al. (2022) ¥N13ANYIHE
vosTanuan ldun geuewdn venin uazweslad
FON1SLTYLAULALASNANGNTDINNNIANOULAY
Anna1e6 sluszuulalasiuind wudnudunus
seninetanugni I ugnuazdave i vvinle
fweinsasaiulawias Tanuansaiu msvan
Wnnaviesludanugnieugninlinandaiuuagsn
aeitan Tuvaiivgninnanadslutaguanesindwma
Tiimnugevesdunazanunitsluvesiivgeiigaiile
Wisuidsuiutaquaniu q defudesududiazsios
nsUismnudesnsianzvesiiviidendgn ey
wuInalunisiienianUgnog 1umunzaun s

Wigiulavesiiy Jagtuisdinisirianiilailyfiumn

Ugndunssadldn 1dud nvaudv lediu Wosh
gauna yeugns1y 1Judu (Pongchawee et al,,
2015) finsfnwriangniunssalduiveg
Pradissan et al. (2008) fnw1TanUanilinunza
soatgauuasluszuulalasiusing laun lofiu
wosin ofiglar meslud uasdiafuwn nuilefiu
finadon1saTeyiRulnvesolvauunl lagdai1uas
wagdIuIuTInTudu uenainiinisfnwves
Laohavisuti and Ruangdej (2014) wMn15@ N1
WisuiisuTanugnilmunzausenisiasayivla
nssadlsih 2 e 1dud Fusyboauismeiusond
(Anubias barteri var Broad Leaf) wazsuoyideaiiilin
(Anubias minima) gl asanilunnseiu 4 win
Iéiun Tofiu ddidonun Tedaunsngy was Bioaction
Ugnluszuulalaslustind wuin Bioaction 1Judan
Ugniifinasionisiosadulavesduey foaunsines
usonanl uazdueydoaiiinunniian uazinisfnw
989 Boonmee et al. (2024) WSguiieuianugn
fuansratu 3 wia 1dud wiunses Wedidunau
warleiu dudulivieyidea (Anubias sp. 'White)
wuidedidunavdmalifulvioydoaniguivla
I eisudiuianUgnuiind u 9 uandiifiud il
wiazvinazsimaaaudulaiaunnsatluluianugn
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Fatunsfnwiianugnilimuizaus ans
Wigiulavadumedatnlussuuignlelaslusing
W elildTanUand unzaunon1aid oa uagd
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Figure 1 Cryptocoryne albida (R. Parker) in natural habitat

A5AIUN5IY

N13INLAUNITNABD

INURNUNITNAGDILUU CRD (Completely
Randomized Design) WU3guiigurilavesianugn
3 9l (Treatment) Ae Mawids (Sponge) Todiu
(Rockwool) uagiiuginln (Pumice) ¥AN15MAGDS
as 4 9 (Replication) Fray 10 du

nswssuszuulgnlalasiusiing
Javirszuulalaslusiinduuu Deep Flow

Technique (OFT) Tusgaudnuuusisuan Iy

fsunszduiTlussUszanm 3 su. deldisnues
wssaulsiiutegluasazarssmemsnuuiou
Aasaduthoun 9 adfrassgn nioufndaszuy
Ase i SuTR Tnsasdinnn 4 10 widt e
20-30 Junil Juogfuanimeinia uazdanTem
4190281857199 IM15875 KMITL 2 (Table 1) Tu
szuuUgninismuauaanudunsadusng Taeld
130 pH meter lunsialidareysewing 6.5-7
WAZATUANAULTLTUYDIANTAZAIE5INDIMNT Lag
fnnarnshilatita (E0) nn 9 dUansh daust 0.5
U9 1.5 uS/cm
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Table 1 Chemical components of hydroponics solution (KMITL 2)

Chemical components

Quantity used/20 L

Solution A

1. Calcium nitrate (Ca(NOs),.4H,0) Zx
2. Iron chelate (Fe-EDDHA)

Solution B

1. Potassium nitrate (KNO,)

. Potassium dihydrogenphosphate (KH,PO,)
. Magnesium sulphate (MgSO,.7H,0)
. Zinc sulphate (ZnS0O,.7H,0)

. Copper sulphate (CuSQO4.5H,0)

. Manganese sulphate (MnSO4.H,0)
. Boric acid (H;BO5)

co N o O B~ W N

. Ammonium molybdate ((NH4), MoO,)

3.767 kg
0.303 kg

1.796 kg
0.653 kg
1.037 kg
4.756 g
1.016 g
14.194 ¢
8.894 g
0343 g

nanFeuwssaildi

Aaldand uwuglunigg adai1ain
vesufRnamzidsadeibonssulithvonguide
uazALAnuLAnITLEER T30 nesiTuuas i
Usgaatihdn nsudseas Tasvluwiedadniuuen
soniufuien vhnmsdasnuaglueenursdnlsd
LAz UYNAY uavieseTanguan 3
wiin Idun vlesthas lofiu uazfiuguilyl (Figure 2)
wdinldludasugnlusuuialunsyuzilals

a13a¥a1951991M15 AquaeINaIaAny w1
TunrwdataUsvaninuazaiursaaigivlale
Tuanmzanutuunfidunm 2 &Uawi (Lachavisuti
and Ruangdej, 2014) WesniSusenuazfafafu
fanUgn sinsdaidenlumesadnndifiuunnny
asfunazdiuanlulndidsstu Jumsgnlussuy

Lail46iu wuu DFT MwSeuld Ingldansazanesmems
403 KMITL 2 Ssfinisauauaianudunsaidusing

(pH) waganisiladin (EC) e dam

Figure 2 Different substrates (A) Sponge (B) Rockwool (C) Pumice
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nsUuiinug
Tuinuadoyani1siasyidulnvosdu

Tumedadan liun Aue1Is1n ALERY AL

g13lu Aundslu wagdwaulu nn 2 dUani 10y

SyeEIan 8 dUn

nsAATIEtaYa
ﬁﬁmﬂaﬁwmlﬂ’?meﬁmmwsﬂsau
(Analysis of Variance, ANOVA) LaziUSauliguniny
wAne9vedAadelae3s Duncan’s New Multiple
Range Test fiszaua oy 95% faelusunsy

a & o <
poufialmesdnsagy
NaN1538

I1NN1SANYINAYEITanUgna onis
Wi ulnvesauluniedatanlussuuldlddu 3
viia Idun Wonhdsn lofiu wasiugul 1By
seoviian 8 dUani TasdinanisAnundadl (Table 2)

HaverianUgnedenugTInvessulunie
Faten wuihmsldvesihdduiutaguan viliily
medadadenuensnedsfiutumniianedied
WedAynata (P<0.05) setasunme lediu waviiu
gl Tasfiauennsinedeitiu 16.98+1.73,
14.61+1.03 uay 14.12+1.51 9. AMUAWY

YurfinavresianUgnienug I ues

Tunnegdadan wuinmslituguilnduianugn vl

Tuwiedadardanugeduied siiud uuinige
0380 e waglefiu Tnsdinugadu
ALY 12124175, 12014179 uay 11914102 2.
AUARY
diunavesiandgnaeninue1iluveddu
Tuwedadan nuinisldledudutanugn vinli
fulumiesatanfinruenluedsfuduiniian
sosaunfe Fuguiln uagonindd Taedarmem
Tudewinfu 9.91+140, 9.78+143 uag 9.72+142 .
AUARY
dmiunavetianugnsieainuninsluvessiu
Tunedatan wudnisldvesirddndutanugn
ylsulumedadaniarunisluadodiudunn
fign sosaaunde funguila wazlediu lnofiaay
n¥19luiad e U 0.65+0.10, 0.63+0.11 wag
0.6120.04 %31 AUAIAY
warnavesianUgnaediuiuluvesduy
Tunnedadnn nuinsldlefuwasiuguliduan
Uan vilisulumesadaisualuiadefistunn
fian sosaunde eande Tneddruuluieds
WU 4.38+0.88, 4.38+0.32 Waz4.25+0.61 1y
muddu TnedloiSeuifivuriodenugaiu Ay
g131u aunislu warduauluidiudu wudndu
TunedadaniildTagugniia 3 viia Sarugedu
Ay arundislu wagundluedeiiadull

o o

upnaNiueglidedAgn1eana (P>0.05)
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Table 2 Growth performance of Cryptocoryne albida (R. Parker) cultured the different substrates
in hydroponics system with Deep Flow Technique (DFT) for 8 weeks

Substrates Sponge Rockwool Pumice P-value
Root length (cm) 16.98+1.73° 14.61+1.03° 14.12+1.51° 0.046
Shoot height (cm) 12.01+£1.79 11.91+1.02 12.12+1.75 0.982
Leaf length (cm) 9.72+1.42 9.91+1.40 9.78+1.43 0.981
Leaf width (cm) 0.65+0.10 0.61+0.04 0.63+0.11 0.794
Leaves number (no./plant) 4.25+0.61 4.38+0.88 4.38+0.32 0.951

Different letters in row are different significantly (P<0.05).

Pumice Rockwool Sponge

Figure 3 Growth performance comparison of Cryptocoryne albida (R. Parker) cultured the different

substrates in hydroponics system with deep flow technique (DFT) for 8 weeks.
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39150iNaN15I8

Han1SANEIN1SIs A ulavesiuluniey
8atUa1 Cryptocoryne albida (R. Parker) 187 a mq‘ﬁ
waneneiuluszuulgnliau wuu DFT wudnnsly
woahddudutagugninlsidulumesataifini
#1n91NAgeTign sesawnAe lofiu wazhungnlyl
WU 1698+1.73, 14.61+1.03 Uaw 14.12+1.51 9. 9IUAIRU
%QW@Q‘&WLﬂuijﬁ@UQﬂﬁﬁ‘s{faﬁNLLﬁ%gWEumﬂﬂlﬂﬁﬂ
wruawAuly vilisnansaseulylaiie dve93nq
dndusanidsueiniafusniiv winaungesing
vosfanUgniidiudesuazruindn Yanugnaydl
auannsnlunisdudivionadaannuduliun
wiluvauzifieafuazyilvivesinaweserniagnunud
faoun damaldldsuusuimenniad Yesas
(Thagaeng, 2005; Isfendiyaroglu et al.,, 2009) YU
Suaﬂﬁyuﬁszfam'w’?aﬂﬂ@Jﬂﬁﬁwﬁwaaﬂwmmami
fnufiuth (Brown and Pokorny, 1975) A1@1130
Tunsinifuinvestandgndunmautfegimis
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YoseMALaTINTITvay 1dT (Criley and Watanabe,
1974) Tnefigdosniseandiaulunsmela Weada
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vinauazsindala (Jones, 2004) luniedadnan
Fadunssaliihed wigdvlavuRuduuiom
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(Muhlberg, 1982) @0AARDIAUTIBITUNITVIAADIVD
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(%
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Abstract

The objective of this study is to investigate the planting soils and pot sizes on height and number
of shoots of water bamboo (Zizania latifolia). The experiment was laidout in a completely randomized
design (CRD). The first experiment studied different planting soils and the second experiment studied
the size of pots. The results of the first experiment found that water bamboo grown in the commercial
soil-2 showed the height and the number of shoots at 75 days after planting of 100.76 centimeters and
14.00 plants per pot, respectively. For the study on pot size for cultivation, it was found that when
water bamboo reached 45, 60, and 75 days after planting, the number of shoots and their height in
a 14-inch pot were higher compared to pots sized 9, 11, and 17 inches. This research indicated that
planting soil-2 and a 14-inch pot size were suitable for cultivating water bamboo in urban agricultural

systems.

Keywords: water bamboo, planting soil, pot size, growth, urban agriculture

UVIFBI’G'IEJE] ANSNAADITN 2 ﬁﬂﬂ’]%ﬂ’]@ﬂi%ﬂ’]dﬂ@lﬂ 91U 4

A55U3% Nan1sAnwINISNAaRIR 1 wulindeliin

v

sl ingUsvasd ieRmanelionesiugn
WATUUIANTEIUGNABAIINFILALTIUIUAUVDS
wi ol 1AYITUNUNITNARDIUUE HauyY Sl
(Completely Randomized Design: CRD) N15V0&993
i1 miﬁﬂmﬁuﬂqﬂﬁl,t,mshaﬁu U 5 NTIUID

=

Mgnludiunisi-2 Wanuaavesulagiuumie
gafign 701y 75 Fundsugn wiadu 100.76 .
WA 14.00 AUFBNTEON AUEIAU dMTUNITANY
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Table 1 Height of water bamboo at 30, 45, 60, and 75 days after planting

Soil types Height (cm)

30 day 45 day 60 day 75 day
Loamy soil 73.30ab 70.45ab 71.71ab 73.33ab
Sandy soil 37.75b 39.14b 38.36b 38.56b
Clay soil 43.98b 41.15b 40.96b 40.70b
Commercial soil-1 58.63ab 67.45ab 68.2dab 68.24ab
Commercial soil-2 91.21a 101.93a 99.89%a 100.76a
F-test * * * *
C.V. (%) 16.50 18.29 17.34 17.85

*Significant at 0.05 probability levels

Means within the same column followed by the same letter are not significantly different at the 0.05 level.

Table 2 Number of shoots per pot of water bamboo at 75 days after planting

Soil types Number of shoots (shoots per pot)
Loamy soil 10.41ab

Sandy soil 4.75c

Clay soil 5.25bc

Commercial soil-1 8.25b

Commercial soil-2 14.00a

F-test *

C.V. (%) 14.27

*Significant at 0.05 probability levels

Means within the same column followed by the same letter are not significantly different at the 0.05 level

nsAnwvuIansEaslgneensasyLiule
vosmialih nuinanugeveandeliiiniiony 30
wag 45 Tu viaadgn danuuansnsiueedidudfry
n19adf wiaualidauuana19iu eyl
vedrdgnieaddii ooty 60 uaz 75 Tundaugn

(Table 3) lngnusldurivanlunszarsidauinlng

U
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N5LANULINDY G]Imaﬁmmqaﬁmq 30, 45, 60 LAy
75 Jundelgn laedadiugavindu 20.31, 40.03,

43.82 ua 50.61 @y, muddu wagyialdinnvgnlu
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Table 3 Height of water bamboo at 30, 45, 60, and 75 days after planting

Pot sizes Height (cm)
30 days 45 days 60 days 75 days

9-inch pot 3.53c 24.75¢ 32.65 49.03
11-inch pot 9.10b 28.63b 34.51 41.62
14-inch pot 20.31a 40.03a 43.82 50.61
17-inch pot 11.34b 39.72a 41.71 50.31
F-test * ns ns

C.V. (%) 22.61 24.42 21.81 11.22

ns=not significant; *significant at 0.05 probability levels

Means within the same column followed by the same letter are not significantly different at the 0.05 level.

Table 4 Number of shoots per pot of water bamboo at 75 days after planting

Pot sizes Number of shoots (shoots per pot)
9-inch 13.92b

11-inch 16.02ab

14-inch 17.31a

17-inch 15.42ab

F-test *

CV. (%) 19.12

*Significant at 0.05 probability levels

Means within the same column followed by the same letter are not significantly different at the 0.05 level.
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Chitosan can be applied to trigger the immune system in plant under drought stress. The
objectives of this study were to study the effect of chitosan application on rice yield under drought
conditions at different growth stages of rice. The experiment was arranged in a 2x5 factorial in
completely randomized design (CRD) with four replications. Factor A was chitosan applications (with
and without chitosan application), while Factor B were watering conditions, which included regular
watering, and water withdrawal at seedling, tillering, panicle initiation and heading stages. The
experiment was conducted at the greenhouse of the Agronomy Division, Faculty of Agricultural
Production, Maejo University, during September 2021 to January 2022. The results showed that chitosan
application had significant effects on plant height, no. of tiller, no. of panicle, harvest index and yield.
Chitosan application increased the yield by 58.1% compared to rice without chitosan. Moreover,
chitosan application had significant effects on plant height and leaf greenness. Furthermore, severe yield
loss caused by water deficit at heading stage could be diminished by chitosan application, which could

help reducing yield loss by 56.06% compared to application without chitosan.

Keywords: chitosan, drought, growth stages of rice, yield
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Ausunatunanluaninainurdnainliusuiu
paslsfaa LW ud U 6.7% (Li Qiang et al., 2010)
raalsfiadilussningiiddglunszuiunsduasiz

AIULAIYDINY T 9@8AAA 89N U Salachna and
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Potted freesia Lﬁ'uqﬁu

Table 1 Effect of various chitosan application methods on leaf greenness at different growth stage

of rice

Treatments Growth stage of rice Mean  F-test
Control Seedling Tillering Panicle initiation Heading

Without Chitosan~~ 31.74° 37.35¢ 37.40% 36.81¢ 48.98°  38.46° *x
Chitosan 30.57" 37.52%  39.05° 38.73 50.89°  39.35%
Mean 31.15  37.438 38.22° 37.77° 49.94* 38,90
F-test ** *
C.V. (%) 2.49

ns, * and ** is non-significant difference, significant difference at p<0.05 and p<0.01 as determined by LSD, respectively.

ALES
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lalnwuiianugaedowiniu 121.32 wu. wazd1ad
Lilgdaiulalneuiinnugaadewindy 117.82 v,
wonanimailidnuaifisseznssyivia
Funndnaiy fraviliaugeuasdIlanuuanaeiy
neadfegedlduddadc Inednitldiniseni
Taugevesdudnuniiagn iy 12558 .
seauAD MIVIATiszezuAnnoLazsTEEFUNgT

WU 121.49 way 119.50 9. auasiu oe19lshnnu

£ [ 1

Lainuyfduiusseninans@anulalagiuseanisuin
teesdai srern1sas i ulad wananety g
A0AAADINUIIUNABDIVOY Prasertsongskun (2012)
fivenuin lalaeuausoduadunisasaivln
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wigAvladuanseiy Suavinliianugvesdn
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Y84 Sarvestani et al. (2008) 5184131 NMTHATeYLAULA
A1UAI1INE V09T 199832 dN F1919910u Ty
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Table 2 Effect of various chitosan application methods on rice height at different growth stage

of rice

Treatments Growth stage of rice Mean F-test
Control  Seedling Tillering Panicle initiation Heading

Without Chitosan 124.92 117.75 119.00 112.67 11492  117.85° **
Chitosan 126.42 121.25 123.75 117.33 117.83  121.32%
Mean 125.67"  119.50%¢ 121.37° 115.00¢ 116.38° 119.58
F-test ** ns
C.V. (%) 2.68

ns and ** is non-significant difference, significant difference at p<0.01 as determined by LSD, respectively.

JUIUNUDFABND
Srunumiesenavesdniifinisdanuuaznns
lai@aniulalpgurnlisruiunienenavastniinig
wanAnafunsadfegadieddyds (Table 3) Tng
WU 199 ns3anulalaeuanunsafiusuau
wiasane 37.23 wiesene waglduinniinislide
Wy 29.27 wesene n1saanulalagiuvinlisiuiu

PUDRDNDVDIVIBNUTUY 27.2% L awlSeuLfigunu

nsludanu @enma 09U Boonlertnirun et al.
(2005) N157897U31 nslglalegrusila Polymer W
@ U Y a 1 a 3 v YV LY
winneulgnudi@anudn 4 a3y waateny 25 u
JulY duavilidruiunionanovesd1INNT UL
Ted1A s s wen1991 19179109 S38En T
wigavlaiuanasuluinanediuiundenens
waglunuufduiusseninanisdanulalagiunenis

PINUIVDIVIINTEHENITRIYAUT LA NFNSAY

Table 3 Effect of various chitosan application methods on number of tillers (plant™) at different

growth stage of rice

Treatments Growth stage of rice F-test
Control  Seedling Tillering Panicle initiation Heading  Mean

Without Chitosan 30.67 27.59 28.58 31.25 28.25 29.27° *%

Chitosan 36.67 33.92 38.00 38.00 39.58 37.23%

Mean 33.67 30.75 33.29 34.63 33.92 33.25

F-test ns ns

C.V. (%) 11.42

ns and ** is non-significant difference, significant difference at p <0.01 as determined by LSD, respectively.
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syinsns@anulalaeunesyegnisiasadulanves
F1riivaun Tnednafidanulalaguluniseinii
Asvozeonsndawaliddiuiusiedonauindige
WiINAU 36.50 929090 S9ad1Ae Aanulalagu
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FUNMSV1AUI5EEE00N5299 8T §1UIUTIIA BNE
wnnfian Sulsiumusoumerons weisuune
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Table 4 Effect of various chitosan application methods on number of panicles (plant™) at different

growth stage of rice

Treatments Growth stage of rice F-test
Control  Seedling Tillering Panicle initiation Heading  Mean

Without Chtosan~~ 27.67¢ 25.25¢ 24,75 27.83% 19.75°  25.05° *x

Chitosan 32.00% 31.25% 33.83° 33.92° 36.50° 33.50%

Mean 29.83 28.25 29.29 30.87 28.13 29.27

F-test ns *

C.V. (%) 12.75

ns, * and ** is non-significant difference, significant difference at p<0.05 and p< 0.01 as determined by LSD, respectively.

faufinsiiiuien
msaemulalagmuanunsaiiuafaiifui oo
Waduedadod Ay uazdufdunus sendng
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'
a

WNLNTgA Windu 0.55 wilinuAuwnnneiunig

1 (g =

anfasansdLAuLA 8l ol nasviadnluszeennsg
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wo ldfn1s@anulalagruduwdlduliaauilnng
Auiiens Tnaanizluszezeansindsdenndasiu
Rahman et al. (2002) wag Boonlertnirun et al. (2013)
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msmmimﬁmamﬁmhiawiﬁﬁfiawaiﬁl,ﬁmmiLﬁm

wandu (Unfilled grain) (Wopereis et al., 1996)
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Table 5 Effect of various chitosan application methods on harvest index (HI) at different growth stage

of rice

Treatments Growth stage of rice Mean F-test
Control Seedling Tillering Panicle initiation Heading

Chitosan 0.33 0.35° 0.31 0.31 0.25¢ 0.31° *x
Chitosan 0.47% 0.50% 0.50% 0.46" 0.55° 0.50%
Mean 0.40 0.42 0.40 0.39 0.40 0.40
F-test ns **
C.V. (%) 9.89

ns and ** is non-significant difference, significant difference at p<0.01 as determined by LSD, respectively.

NANAALT?
a 1 a 1 o ¥ a
msdemiunazmsludanulalngnuvilinanan
0371 N Ul oy 19idod Ay n19ad @ (Table 6)
ualdwuaunana1seg19disdAyneatAves

nandaid ovinlid1uIau N szezn1sIas AUl

uansineiu waglunuufduiusseninanisdany

a

lalag1uson159719U1999919 7 szuEN1SIR LA ULe

AWANAIIAY IINNANITNABDIT WAL N1TAANY

a

Ialngnuanuisayinlinandn 64.87 nsunens 1aa
WuTud 58.19% wiesannisaanulalaeuiudu
drlusgwinmalgnasaiunmunnne dniinude
Fruruudanasvi i nand ng 121w uu1ndy

(Senaphan et al., 2016; Boonlertnirun et al., 2018)

Table 6 Effect of various chitosan application methods on grain yield (¢/pot) at different growth

stage of rice

Treatments Growth stage of rice F-test
Control  Seedling Tillering Panicle initiation Heading  Mean

Without Chitosan 47.06 44.11 43.66 41.92 28.36 41.02° **

Chitosan 65.33 64.48 68.05 61.96 64.53 64.87*

Mean 56.20 54.29 55.85 51.94 46.45 5291

F-test ns ns

C.V. (%) 13.93

ns and ** is non-significant difference, significant difference at p<0.01 as determined by LSD, respectively.
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Microbe-assisted Modified Biochar from Rice Straw for Plant Growth Promotion

and Soil Amendment
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From the environmental problems caused by the disposal of agricultural residues through
burning and soil quality deterioration. Biochar has become increasingly popular in recent years
for its ability to store and release nutrients as well as enhance crop productivity. in practical
application, limitations and varied outcomes have been encountered in the field, prompting an
interest in further developing more efficient biochar models. The aim of this research was to
develop microbe-assisted modified biochar from rice straw for soil amendment and plant srowth
promotion. In this study, the effect of microbe-assisted modified biochar application on
enhancing soil properties and on the growth of Kor-Khor 105 was investigated. Five treatments
with the variation of modified biochar dosages (1, 2 and 3% (w/w)) in pot experiments were
carried out with triplicates. The obtained optimum ratio of modified biochar application was
used in three cement pot experiments. Plant growth promotion after treatments was evaluated,
and soil samples were collected before and after 3 months for the analysis of physical and
chemical properties. Moreover, the expression of genes involved in the induced systemic

response (ISR) was investigated. Results obtained from the rice plantation showed that the
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application of microbe-assisted modified biochar at a dosage of 1% (w/w) gave the highest growth

promotion. Soil properties such as organic matters, total nitrogen, available phosphorus,

extractable potassium and soil fertilities were also increased. The result of the expression of

genes involved in the induced systemic response (ISR) indicates the immune and health status

of the plants. It was found that modified biochar could moderately increase the ISR and exhibit

synergistic effects.

Keywords:
plant growth promotion
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Table 1 Experimental design for modified biochar applications on rice plantation

Treatment

Condition

Control
Treatment 1
Treatment 2
Treatment 3

Treatment 4

Soil without biochar
Soil with 1% w/w biochar
Soil with 1% w/w modified biochar
Soil with 2% w/w modified biochar
Soil with 3% w/w modified biochar
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Table 2 Effect of different rates of modified biochar application (1, 2 and 3% (w/w))

on soil properties at the end of the experiment

Sample™ pH" oM TN P K CEC
(%) (%) (mg/kg) (mg/ke) (cmol(+)/kg)
Initial soil 8.33 0.96 0.15 6.75 101.10 24.86
Control 7.02 1.05 0.19 259.81 80.70 23.04
Treatment 1 7.06 1.53 0.21 269.08 394.25 23.65
Treatment 2 7.51 1.53 0.24 272.27 474.25 20.02
Treatment 3 8.06 2.04 0.24 236.92 984.13 21.58
Treatment 4 8.32 2.16 0.23 284.51 1465.0 21.58

*1:1 soil/water solution is used for pH measurement.

** Soil without biochar (control), soil with 1% biochar (w/w) (treatment 1), soil with 1% (w/w) modified biochar (treatment 2),

soil with 2% (w/w) modified biochar (treatment 3) and soil with 3% (w/w) modified biochar (treatment 4)

[
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Figure 1 Effect of different modified biochar applications on rice growth: soil without biochar

(control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified biochar (Tr 2),

soil with 2% (w/w) modified biochar (Tr 3), soil with 3% (w/w) modified biochar (Tr 4);.

Different letters and * indicate significant difference at p<0.05, Duncan’s Multiple Range Test

and one-way ANOVA, respectively.
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Figure 2 Effect of different modified biochar applications on rice tillers, panicles, and seed: soil
without biochar (control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified
biochar (Tr 2), soil with 2% (w/w) modified biochar (Tr 3), soil with 3% (w/w) modified
biochar (Tr 4); Different letters and * indicate significant difference at p<0.05, Duncan’s

Multiple Range Test and one-way ANOVA, respectively.

Dry weight (g)
w

initial soil control Tr1 Tr2 Tr3 Trd

Treatrment

H stem [ root

Figure 3 Effect of different modified biochar applications on rice dry weight: soil without biochar
(control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified biochar (Tr 2), soil
with 2% (w/w) modified biochar (Tr 3), soil with 3% (w/w) modified biochar (Tr 4); Differen
letters and * indicate significant difference at p<0.05 Duncan’s Multiple Range Test and

one-way ANOVA, respectively.

t
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control Trl

Figure 4

Tr2 T3 Trd

Treatment

Effect of different modified biochar applications on chlorophyll contents: soil without

biochar (control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified biochar

(Tr 2), soil with 2% (w/w) modified biochar (Tr 3), soil with 3% (w/w) modified biochar

(Tr 4); Different letters and * indicate significant difference at p<0.05, 05 Duncan’s Multiple

Range Test and one-way ANOVA, respectively.
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Table 3 Effect of soil amendments after the application of modified biochar at the end of experiment

Samples pH oM TN P K CEC

(%) (%) (mgrkg) (mgrkg)  (cmol (+)/kg)
Initial soil 7.95 0.78 0.14 7.33 57.05 25.46
control 7.64 1.11 0.16 108.03 116.90 25.26
Treatment 1% 7.06 1.96 0.18 262.13 434.25 20.42
Treatment 2** 7.40 1.81 0.19 261.55 481.75 20.82

*Treatment 1 is soil with 1% (w/w) biochar application

**Treatment 2 is soil with 1% (w/w) modified biochar application
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Figure 5 Effect of rice growth promotion after the application of modified biochar: soil without biochar
(control), soil with 1% biochar (w/w) (Tr 1), soil with 1% (w/w) modified biochar (Tr 2);
Different letters and * indicate significant difference at p<0.05, Duncan’s Multiple Range Test

and one-way ANOVA, respectively.
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sl
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Figure 6 Comparison of tiller and panicles after the application of modified biochar; soil without
biochar (control), soil with 1% biochar (w/w) (Tr 1), Soil with 1% (w/w) modified
biochar (Tr 2). Different letters and * indicate significant difference at p<0.05, Duncan’s

Multiple Range Test and one-way ANOVA, respectively.
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Figure 7 Heatmap for level of gene expression of Systemic Acquired Resistance (SAR); fold change

calculated by 24 AACt = ACt (treated sample) — ACt (untreated sample); ACt = Ct (gene

of interest) — Ct (housekeeping gene) and yellow color showed high level of gene expression

and blue color indicated low level of gene expression.
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The aims of this research were to study the species diversity and increment rate of bamboos in
community forest areas in Phrae province. Three community forests, namely Ban Pong, Bang Na San
and Ban Hua Fai, were chosen as the representative community forest areas of Long district in Phrae
province. A systematic sampling method was used to establish 75 sample plots of 20x20 m?2 There
were 25 sample plots in each community forest. The number data of clumps and culms were collected
for each plot. Then three culms per clump were randomly selected for culms diameter and height
measurements. The species diversity index was analyzed by using the Shannon-Wiener (H') index. In
addition, numbers of fresh bamboo stumps and shoots were also recorded. All parameter data were
measured and recorded on selected 30 clumps in each bamboo specie to calculate the increment rate.

The results enumerated 4 genera and 5 species of bamboos from this study as follow,
Dendrocalamus membranaceus, Cephalostachyum pergracile, Gigantochloa albociliata, Gigantochloa
nigrociliata and Bambusa tulda. There were 5 bamboo species found in Ban Pong and Ban Na San and
4 species in Hua Fai community forests. However, Bambusa tulda was not found. The bamboo species
diversity indices (H') were 1.00, 1.32 and 1.27, respectively from Ban Pong, Ban Na San and Hua Fai
community forests. The basal areas of bamboo stems in each area were 0.54, 0.49 and 0.63 m?/ hectare,
respectively. The total frequencies of bamboo occurrence were 152, 196 and 213%, respectively. The

increment rate of Dendrocalamus membranaceus in Ban Pong community forest was 758 stems/year,
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following by Ban Hua Fai and Ban Na San community forest with 608 stems/year and 368 stems/year,

respectively.
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1. Urguudiuds SR ud 3,330 15 fn1s
USnsdansuualeunslauselovdanlaln

2. Yneguaudiiuunans Saud 1,770 19 1ad
nsusmsInnsuUslaunisituselesulaln

3. Uheguthusiadne Siuil 916 13 liding
USnsannsuualeunslouselovdldle

N13219uUasA29819

N192194UaIA 198 199UA 20%20 LUAT
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nilmans USnananawUamnuuasiiegne (Figure 1)

69



5ANTIVYLALAWFTUIVINTNEAS 41(3): 67-79

593000 © 594000 595000

596000° 597000 598000

560000 © 570000 saoooo 590000 600000 610000 © 620000 = < 5 5 i . s
N—L A I I . T Ban Pong community forest [~ g
45‘17 Long District 5"~ g | &
2 5 $L ~7 --l8 2
2 44 A o g & | 8
& & 3
o &
g ¥ Wiang Ta g % - Frs -
8 g 9 2 o |- 8
] ./ g - -8
0 425 85 7 | &
‘\"V\_/’-C\( T T T T T T T 8
592000 593000 © 594000 < 595000 596000  ~ 597000 ~ 598000
g - X TaPha Mok 'g
% 8 591000 ~ 592000~ 593000 594000 595000
4 ‘ an Pin \ i Il 1 1 1 Il
§ - . § 7 Ban Na San community fores-
§ s A’\w \. § § = § %
o ' o
§- < 3 - .
g e g §
S ‘,.,\)/ i T 1:50,000 B
4 pors e § - — — g
T B s -§ g 0 0425 085 w | 8
2 i T T T T T &
T T T T T T T o) 8
560000 570000 © 580000 © 590000 600000 610000 620000 ° 521000 592000 593000 #4000, 595000
600200 ~ 600800 601400 602000 < 602600° 603200 603800 604400
& 3 1 1 1 1 ) 1 1
Signs No. Name of community forest | Area (Rai) g Ban Hua Fai community forest | 8
& &
¥ Community Forest § - - %
tocation 1 Ban.fong 3330 | 5 B
€ 1 &
®; Sample:plats 9 Ban Na San 1,770 g rs
Long District g - - &
ong Distri S o i o
:] 3. Ban Hua Fai 916 S 1:43,604 LS
- - Kmje
° °
§ T T T T T T T T g

600200 600800 601400 602000 < 602600 603200 603800 604400

Figure 1 The position of sample plots in community forest areas
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S

H=- Z(Pi In Pi)

i=1

We  H' = Advllanunainasiinves Shannon-
Wiener

S = UIUITANINTTU

Pi = dndruvossruiudaiiad | senasiu
vosswudiavmnvetliflivnvialy

Ay
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vilavasldilailutyuvy
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Farfound wushuausiavan 5 viia 4 ana léun Ll
¥19U738 (Dendrocalamus membranaceus Munro)
Lenavau (Cephalostachyum pergracile Munro)
1w'ls (Gigantochloa albociliata Munro) lu'laas
(Gigantochloa Nigrociliata Kurz) waglu uaan
(Bambusa tulda Roxb.)

anwauzigeUsunavaslibiluudazdnguyu
fuiivguautiuds wud A dauge
unitgn liud Tienana Smnugaadsdens Wiy
20.61 w5 Wuvdafinunniign ludiuvesaiiy
wuudugsiian 3 sdausn leun linauladeny
WUWUY WINAU 106 NERBLENLAS J09a91NAB THUIAN
Anunuildy Wndu 14 neseanuas wazlilaae
TAMUMUILUY WINAU 12 NORBLENLAS ATUAIAU
ilnliflinunnudgsian 3 vdausn leun lrang
wiadaud winfudesar 88 sesatunde Wldae
flaud wihiuSewas 26 wazliusiiianud wiidu

Savay 12 amua1eu saglunuasdsiasiednud e

w1 1 ¥ile Fevilvinasamvesdraudluliguu
WerdwAu 100 1y 152 (Table 1)

fufivqguruiiuuans wui HA e
ganniign Taun Tiensuna duldflsifinuinniian
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509a91Ae IWlaas dArunuluy Wiy 58 nese
@ALAS wazlHuI JANUNUILLY WINAU 49 noRe
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wsn lewn WWensuaa fadnudwidudesas 92
sosawnde llaae fanudvindudesas 56 was
IWussdaudwindudesas 32 audidu saely
wlasdrsiaieaiuilluannnin 1 ¥de evinlikasiu
yosAranudlutusudeadiuiu 100 Wy 196
(Table 1)

fufiasutuiahe wui il
ganniian léun biwnawia fimnugaedesions winfy
20.01 was dwlsflsifinuaniian eun lignawaa
WA TaumuIuugeian 3 vdausn ldua
THg19wIa TANURUILLLYNAY 133 nerRelantas
sosaanAe Wl Danummniuuminnu 72 neneenuns
warlnlaaafiAunuILLUYINAU 33 NafBlanLas
pwasy wialiflifnuanuigeiian 3 viausn
Toun lenswia fanudvesnmsnuwindudesas 96
sosasuie Wl danudveanmsnuwhiuiesas 52
wazlnlaas danudvesnisnuvindudesas 36
puasu meluwvasdrsiadeinuidliuinin 1 ¥da
FovilWwasiuvesainud lud uvuideadu
\iu 100 T 212 (Table 1)
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fuilunsougelilivselonidu 3 1w waeiims
nyulsunsanldlann q 2 9 drudiguudiu
wraswazUuideg ludin1suimsdnnisdnvae
Fanan msdudnuagivsemea Tuilufivgey
Trude wazduwans derafuiivuialng di
fufivguyutiuiae ldierafui deeuty
prafiansnanenisiasyiiulnvesldle Useneudu
AnugaNaLysalvesAuuaneiy Tuvzfedty

n133nn1seunslduselelldinludgusuduls

Lioygelivatudalsl ievelilsaunsifoy
usiayawlsTinsdtalsilavildd dnsuida uadldlel
Feslifle fein Wushy WeaneldliuiaiaiEeu
druthguruinunaisuarduiirieg dn1seyn
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Table 1 Species and structure compositions of bamboos in each community forests

Community Species Basal area  Average height Density Frequency
forest clump of
bamboo
(m?/ha) (m) (Clump/ha) (%)
Ban Pong Dendrocalamus 0.45 20.61 106 88
membrannaceus
Gigantochloa 0.03 16.37 12 24
nigrociliata
Bambusa tulda 0.04 15.31 14 12
Gigantochloa albociliata 0.01 13.16 11 16
Cephalostachyum 0.01 21.03 7 12
pergracile
Total 0.54 86.48 150 152
Bang Na San  Dendrocalamus 0.27 20.26 103 92
membrannaceus
Gigantochloa 0.13 16.6 58 56
nigrociliata
Bambusa tulda 0.07 9.3 49 32
Gigantochloa albociliata 0.02 75 14 8
Cephalostachyum 0.01 14.10 8 8
pergracile
Total 0.49 67.76 232 196

72



Journal of Agri. Research & Extension 41(3): 67-79

Table 1 (Continued)

Community Species Basal area  Average height Density Frequency
forest clump of
bamboo
(m?ha) (m) (Clump/ha) (%)
Ban Hua Fai Dendrocalamus 0.42 20.01 133 96
membrannaceus
Gigantochloa albociliata 0.06 7.64 72 52
Gigantochloa 0.08 11.62 33 36
nigrociliata
Cephalostachyum 0.08 9.85 57 28
pergracile
Total 0.63 49.12 295 212
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¥

Tugnfnundnluseniiund dawaliinnisnainu

= a oqud A ~ £ I
Yoanssunatsydavinlin un Ursn v uunlul
narludeslaiiatludeunindudlunissenelilng
Iadady warldnamanedullunsigeennen FWuey

Furialdll wazilollanusadndnnsasiiu laudn

Yuagludilissiinnununiuiag dunilsenaia

MnEanTENUTeINIstasuls Meldsuauniiu

voenoli Mresduginisiasyvlnuesnaildiay

1 fe3u FuihliuuiliuvesseusenUnluguwuui

laisiatag visaSausean@aunnIu (Marod et al, 2005)

Table 2 Characteristics of bamboo community structure in community forests

Community Species D F Do RD RDo RF VI
forest (m¥ha) (%)  (m*ha) (%) (%) (0 (%)
Ban Pong  Dendrocalamus 106 88 112.15 70.67 7258 57.89 201.14

membrannaceus
Gigantochloa 12 24 28.56 8 18.48 15.79 4227
nigrociliata
Bambusa tulda 14 12 7.18 9.33 464 789  21.87
Gigantochloa 11 16 4.67 7.33 302 1053 20.88
albociliata
Cephalostachyum 7 12 1.96 a.67 1.27 789 1383
pergracile

Total 150 152 154.52 100 100 100 300

Ban Na San Dendrocalamus 103 92 127.59 4440 55.16 46.94 146.50

membrannaceus
Gigantochloa 58 56 55.82 25.00 24.13 2857 T77.71
nigrociliata
Bambusa tulda 49 32 40.35 2112 1744 1633 54.89
Gigantochloa 14 8 6.28 6.03 272 408 1283
albociliata
Cephalostachyum 8 8 1.26 3.45 054  4.08 8.07
pergracile

Total 232 196 231.30 100 100 100 300
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Table 2 (Continued)

Community Species D Do RD RDo RF 1Y
forest (m%ha) (%) (m%ha) (%) (%) (%) (%)
Ban Hua Fai Dendrocalamus 133 155.93 45.08 67.60 4528 157.96
membrannaceus
Gigantochloa 72 29.87 2441 1295 2453 61.88
albociliata
Gigantochloa 33 30.19 11.19  13.09 1698 41.25
nigrociliata
Cephalostachyum 57 14.69 1932 6.37 1321 38.90
pergracile
Total 295 212 230.67 100 100 100 300

D=Density, F=Frequency, Do=Dominance, RD=Relative Density, RDo= Relative Dominance

RF=Relative Frequency, IVI=Importance Value Index
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1ildae Tuiuiivhgueutuunans Sua
voadliflianniian windu 1,172 &1 seasun U
YUY 91U 508 61 warUnrnvuiuls
$1uru 174 &1 audrdu daudndidnisgnde wui
Tudayuyutuuians uinfian $1uu 930 &1

seeaeUIguvuIUHY 91U 434 61 wazin

yuyut s §119u 132 81 dausnsnsifinguves
1fllldae Tutyamutuunans sndian 242 @/
5998911 Ungusud1usianie 91u9u 74 81/ uas
Unguauiiude 31w 42 §1/0 auadiu (Table 3)

1615 Tufiufivneautiuiane S9waud
1iflsannfian wirfu 1,177 1 sesaatrguwutiy
WA 97U 325 a1 wazUrguuUiuls 31wy
244 &1 puddu drudridnisgnda wudnlutl
yurut i enTian S1uau 673 81 5998911
7 241 @1 wazUryuvudiuls 91U 145 @
puady drusnsmaiunuvedlilils Tutgu v
tuianie 1nfige $1u2u 504 81/ se9a9UA
guauUuls 91w 99 81/ wazdhyuvuiiuuas
913U 84 &1/U audau (Table 3)

Tedavann Tufiufidgususuiaeenn
fign 1191 609 &1 sosasunUvuvLTILUS 10U

123 a1 wazUrgurud1uuIals 97u3U 100 a1

75



5ANTIVYLALAWFTUIVINTNEAS 41(3): 67-79

pmdfu drudiifinisgndn wudtludgueuiiy
#l1e unfige $1udu 420 @ sesaauUnYNTY
Uuds 91uu 113 81 wasdrguauiiuuas 31U
78 &1 auaey daudnaimsiinyuvedlsilidnn

Table 3 Increment rate of bamboo
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Pong Na San Fai Pong San Hua Fai Pong NaSan HuaFa
Dendrocalamus 2,519 1,813 2,180 1,761 1,445 1,572 758 368 608
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Gigantochloa 174 1,172 508 132 930 434 a2 242 74
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The study aimed to classify Thai rice varieties together with drought tolerant rice varieties
previously reported in the 3,000 Rice Genomes Project by using variation within nucleotide sequences
of drought tolerance-related genes. The comparison results of four drought tolerant genes which were
soil surface rooting 1 (OsSor1), deeper rooting 1 (OsDro1), NAC domain-containing protein 5 (OsNAC5)
and NAC domain-containing protein 6 (OsNAC6) genes from twenty-three rice varieties revealed 147
nucleotide sequence variations. Then, these rice varieties were classified into 2 major groups. Group |
consists of 12 varieties which were Indica and Japonica rice. This group revealed the association with
rice ecosystem, root characteristics and drought tolerance. Group Il comprises 11 rice varieties, including
landrace, upland, and lowland rice. However, there is no clear association with rice ecosystems for this
group. Moreover, Jow Haw and Khao Pong Krai varieties were in the same group with deep roots and
drought tolerant upland rice which will be used for the development of the drought tolerant DNA

markers in rice breeding program.

Keywords: Thai rice varieties, classification, nucleotide sequence variation, drought tolerance-related

genes, root
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NuATelldTngUsvasiiadnnguiug i1
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vy F2uAuNug 1197 T918918AUNURE 191N
1As9NIS 3,000 Rice Genomes Project A 8NIT
Wisuisuaduiiadlolnd i unns1svesdu
Fafgrtestuanumudsda 4 Bu ldun Bu Soil
surface rooting 1 (OsSor1) & 4 Deeper rooting 1
(OsDro1) &' 14 NAC domain-containing protein 5
(OsNAC5) waz8u NAC domain-containing protein
6 (OsNAC6) wan1siUssuiisuaauilinalalndves
fuvts 4 Bu 910472 23 stug nudduianalelnd
Aunnanadiuay 147 duns Wethandangudn
w2 nqulvg) Ao nqu | Faudw 12 Wug u
nauduinuaraluiing Ansdanguduiusiussuy
113AN15UYN FNBULIINUAZATIUNULAS Na Y |
F1uan 11 sug Wudnduandidutugdudes
#1915 wazdunay Felinuduiusiuszuuinem
nsUgnegnedaiau uonaniudlnewusidige
wazvlliled egnauifisriuinlsiidnvazsndn
nuuds 7eanunsadaidenluldluniswamn

v 6

LASDIVINEABUNEUTUS FuAUNULEIsDlY
AdAty: 9nlng NsIANgY ANMULANA1NYDS
Aevthealelng Suinelvesiuainu

NULAS 50
AU

foudaduilymidday madudnand
Tusversaionehlivuauassnumdnanas dwa
Tinandnanas 4 ednuuenaduguingd 1wy
anuarvessn lu Suiudusdens ANNEIRY v3e
ANWUENNETIINGT WU N13FUATIZILE SulUR

ANSALAUYDIANTTINIG FLANAIUANIIEWAY (Arun

et al., 2023) Im&Jé’ﬂwmxmqé’mgm%mﬁﬁmiﬁﬂm
DUTUNINABAUAIUNULAY AD ANWULITTUUIIN
esanduszuuiiddalunsmiiuazemsves
W (Kim et al., 2020)

n15F U B Ui duiusfuanunuud say
SPUUTINUDIT1? WUl Deeper rooting 1 (OsDro1)
WJuduaruauszuusindn luan1izudsdu OsDrol

I £

agfinsnsgdulianenity annsadrisihandu
Aufianiy Jeogsontuaniizuasla (Kumar et al,,
2021; Yusaku et al., 2013) 84 Soil surface rooting 1
(OsSor1) Jusiaveslusiulungu LAZY2 maunu
sruUTINAuviessuuTINiiaAufesnuaunase
wsaluunag Gﬁq%@mmimmsmﬂﬁu%guumﬂwé’ﬂ
(Eiko et al., 2013) uonand Seds1earulusiu
ﬂaUﬂqumiaaﬂiﬁja (Transcription factors; TFs)
fAgtostuaunuuds nudulungs NAC (NAM,
ATAF and CUC) iwidiAgdestunsiasaivln
NIRRT LAZNITADUAUDINDAINULATEAYDINY
Xietal, 2019) Tuan1izwa 18 ¥ NAC domain-
containing protein 5 (OsNAC5) 2gnsgfuNI591191U
289 81U Cinnamoyl-CoA reductase 10 (OsCCR10)
vl Fazavaniuiiudy Samuseaniizuds (Woon
et al.,, 2022) wazdu NAC domain-containing protein
6 (OsNAC6) Tioglunguiieniu nuinmeuaussio
ALY 1Nde ALY waznsaueuledn Ineduy
OsNAC6 axflanulafenisnszduuinnindudu 9
lunguideniiu (Takayuki et al., 2005)
fugdafifiszuusnuuusniu (Shallow
rooting) azilrullieanmzud wnnidlewSe e

AuugIvdszuusInLUUIINGn (Deep rooting)

]
a

L 8991 UUIINA N AIUITOLT D 9U1NAT UAY

o

7ann31 (Arun et al., 2023) UaNINUTINUINT WU

>No

v '

117luiigawmietls (Upland) @aasaiulaluiiug
fUsuahiinzinuaudinuude Weelinszuy

dusinandlassumisuiutunaiu (Lowland)
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ARAMUADINITUININ (Myint et al., 2022) F98nT
Td919lsns oWug v dszuusind mdudauwnuly
ATSANYIANUNUBAS LU NITESIIHUATU OsDrol

s

AUTEINT BC,F; ﬁlﬁmﬂmimamsijﬁnﬁuq
R64 § i udrunarufiddnwarsind u (Farhan
et al, 2022; Yusaku et al,, 2011) fiudmiug Kinandang
Patong 1ud17duing Midud1lsfdnwazsindn
wu118u OsDrol fvag vulasluleud 9 (Yusaku
etal, 2011)
wenNINan1sANBINTSLEARTEDN VDB
luan1izud 91581719919 LsWu§ Handao297,
Haogelao waz IRAT109 fidAnunuuds fudiaun
muﬁuﬁ Zhongzuo93, Yuefu wae Nipponbare it
ANIIRBAIULAY ABIATA cCDNA-AFLP Wuin
90% vasfufinanslutinie 2 nguliunnaiaiy
i 8% fluansooniilonszdusoaniozuds wazd 1%
Fwanseenuaneeiuszninedmlstudnuau du
Tngjidudulungulusfiunudeou (Heat-shock protein)
(FengHua et al., 2009) dmsutlneiisisanunisin
ﬂzjmﬁwmﬁmiwﬁ Principal Component Analysis
(PCA) VB8N waUENFUFININGT UaNITIANGUAIEY
anefud Adueanniasesviane Simple Sequence
Repeat (SSR) 994113313 6 11§ WUINguiugyn?
16" 4 nau nguil 1 Ae Mugunusndl 1 1Wudiunay

oA a v & oA = v ey A
nauvn 2 A NUTABANSVIN NHUN 3 A9 WUQQLM'@Q

a

yans Tneisansnguidudnfiudos waenduil 4 fe
fugidrge Uy uazunltlad Wudnnls Janphen
et al., 2023)
Jagumsdanqudniilvenuudadunisda
nauderansznuraINITIIntEe sl yiule

= v a UV i v PP 1%
‘Wﬁaﬂ']iiﬁmamam LLazﬂﬁiuuiﬁﬂmu%agaSUMLﬂEJ’,J“UEN
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Auanunuas uITeidadlingussasdiiadnngy
FlnemensilSeuiisuaiauiiealalna iusnag
38U OsDro1, OsSorl, OsNACS wae OsNACE N894

FUAEIVBITUANUNULAT TIAURUTTIINT T899

AINULEINgIudeya Faman1sinnaudniauidu
drunilavasnisAndoniugvrimundslunisimun
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LﬂiEN‘WlI']EJ@L@uL@WﬁNWUSﬂUWUWNVIULLan@‘lU

guUnsaluazisng

wgtnauaznisanadludinfidwe

fuginflilunesesidduuavesiluy
F1uau 13 g (Table 1) Wudniunaiu 7 wug laun
Unus1il 1 (Pathum Thani 1) nv-usdld 2 (RD-Maejo
2) nu43 (RDA3) gda1 (Mali Dam) 1W1maas (Jow
Leuang) Tnuuas (Khe Tom Daeng) uazlsdiuass
(Riceberry) 4129 Uil 09 (landrace) 3 Wug Lawn
AaNYz (Dok Ma Kham) fntfas (Kum Noi) uag
Al (Kum Yai) wazdls 3 4ug 16ud fillesvans
(Goo Meuang Luang) 19180 (Jow Haw) wagu1alUs
10 (Khao Pong Krai) tinziadaunu 2 dUanv 91nit
inlugeuunannilulinAoulesie35 mCTAB (Li et
al, 2013) aza8n=NaUA L ULERI8A1TaLANY 10
mM Tris-HCL, pH 8.0 1uflueiigumail -20 o
WALy

NM5IATIZIRANTSUNAIUTIRA o InAva eI lun
Frogeilufinfidutediataldazeudidiu
Tndlolnamenaila Whole Genome Sequencing
(WGS) (NovogeneAIT, China) kUU Resequencing
lngnan1se1uLariAsIzian uidindlolnanay
senudumundeinisidsuwlasdisuiinile
Inawfia Single Nucleotide Polymorphisms (SNPs)
%38 Insertion—deletion variations (InDels) 184917
13 vuf uulaslaleants 12 wis Fadenduianglelnd
ﬁ]'mst’h’;ﬁuﬁ: Nipponbare (O. sativa L. ssp japonica)
3u3Tunsn984 (Reference genome) Wloszy A

warKansENUTRIaRutnatalnanUdsuslasiy
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nsdumdudiaulavazdrduiiandlolndaindaa
lugudaya

E’Tu‘ﬁ'aﬂﬁ] Ao OsSorl, OsDrol, OsNAC5
WAz OSNACE 13U NAUNI AU T B sue a8 uu
Imimi%mmgm%a;&a The Rice Annotation Project
(RAP) (Hiroaki et al., 2013) U@ umu it Laundum
uSuduanuanisieszvatsuidindlolnanae
wiatla WGS w8113 13 iug

yonanifidumaduiinalelndvesiu

1Y

7aulaand1iiugdu 9 91ng1udeya Rice SNP-

)

Seek Database (Locedie et al., 2017) id uwa
nmsAnwmaisuiedlelnavestnnainlasenig 3,000
Rice Genomes Project tagidud11duding 4 wug
1giun Wug Kinandang Patong Wug IR64 518911y
IR64L iU IR64A uawiiug Chenghui727 waed 19 luting
4 Wug lawn Wug Yuefu, Nipponbare, Haogelao
uaz IRAT109 uazidondnlnefiissanlugudeya
17U 2 g Ao Wugu1nenued 105 (Khao Dawk
Mali 105) LLﬁSlf’lg (Nam Roo) 521994 u 10 Wug
(Table 1)

Table 1 Characteristics of rice accession used in this study include their ecologies, root character

and response to drought stress

No. Rice accessions

Ecologies / Root character / Response

Reference

to drought stress

Whole genome sequencing

Indica

1 PATHUM THANI 1 Lowland Sriprapai et al. (2012)
2 RD-MAEJO 2 Lowland
3 RD43 Lowland
4 MALI DAM Lowland
5 JOW LEUANG Lowland
6 RICEBERRY Lowland
7 KHE TOM DAENG Lowland
8 DOK MA KHAM Landrace
9 KUM NOI Landrace
10 KUM YAI Landrace

11 GOO MEUANG LUANG
Japonica

12 JOW HAW

13 KHAO PONG KRAI

Upland, Drought tolerant

Upland

Sriprapai et al. (2012)

Sriprapai et al. (2012)

Upland
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Table 1

(Continued)

No.

Rice accessions

Ecologies / Root character / Response

to drought stress

Reference

Rice SNP-Seek Database

Indica

14 KINANDANG PATONG
15 IR64-IL

16 IR64A

17 CHENGHUI 727

18 KHAO DAWK MALI 105
Japonica

19 YUEFU

20 NIPPONBARE

21 HAOGELAO

22 IRAT109

23 NAM ROO

Upland, Deep root

Lowland, Shallow root, Drought sensitive

Lowland, Shallow root, Drought sensitive
Shallow root

Lowland, Shallow root, Drought tolerant

Lowland, Drought sensitive
Lowland, Drought sensitive
Upland, Drought tolerant
Upland, Drought tolerant
Upland

Yusaku et al. (2011)
Yusaku et al. (2011);
Farhan et al. (2022)
Farhan et al. (2022)
Farhan et al. (2022)
Sriprapai et al. (2012)

FengHua et al. (2009)
FengHua et al. (2009)
FengHua et al. (2009)
FengHua et al. (2009)
Sriprapai et al. (2012)

v v

N153ANgUWUS 411a28daya SNPs uaz InDels
vasduiiaule
ihauiealelndiasuulaseusiaz
fuandn 23 Wug AlFanmsinsied Wes o
13 ug uarangudeya Rice SNP-Seek 31131 10
Wug W19nsednssuisuaiduiindlolna
(Alignment) AaeTUswnsy ClustalW haudinanas
Wigumeuu1dana ulauni1sas 19hEuAIN
ANUFURUSIMTUgNITY (Phylogeny) melusunsy
MEGA11 (Molecular Evolutionary Genetics Analysis)

75 Neighbor-Joining/UPGMA (Koichiro et al., 2021)

NaN158

nsiSsuisuainuilandlolnauaznansznu
vasuTinaneag

nansAULagUs suisuanuiindlelne
uanssvesusazduludnidiuiu 23 g Iduaded
(Table 2)

u OsSorl (0s07g0614400) & 498 U
TasTulawdl 7 funus 25,309,034 9 25,311,637
AfMMIBULUUIEUUIN (+ strand) TvA 2,604 glua

USLNBUNIY 6 LBNYBU USLIUA d1u15awlasia
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sanudulusiu (Coding region) 817 888 A Lud
wamapontdulusiuauin 295 nsnagdly nunis
WasuuUaswesdiuiaralelndsiuau 21 funus
wUaLdu SNPs 20 fusna waz InDels 1 fuvius ie
MSIVFBUNANTZNUNUIT SNPs 1 un1siUdsundas
Tuusiudunseu (Intron variant) 13 fWKUS N9
WasuwUaswiinvesnsneziily (Missense variant) 4
fuds MsUasunlasiinsnesilusiadia (Silent
variant) 1 funis waznisidsunlasfivans 3' &
liuUasia (3" UTR variant) 2 #unile @21 InDels
Hunswasuudasiivane 3' Falaiuwlasia 1 fus

& OsDro1 (0s0950439800) # 08 U
Tasluloud 9 sunis 16,307,169 9 16,311,448
fimeBunuuduau (- strand) dvun 4,280 Alua
Usznousae 6 Lengeu usiafauisoulasia
sonundulushiu 817 756 Awa wanseondulusiiu
119 251 nsnezdily nunsasunlasuesdisu
dandlelnas1uiu 19 sunue wuadu SNPs 17
FILNYS WA InDels 2 Mwnu e vl amsaadeu
nansENuNUd SNPs 1un1swasunlasiivane 5
Falaludasiva (5" UTR variant) 2 fumta msiddeuias
TuusnaBunseu 12 s msia suulassiiaues
nsmozily 2 fuvus wasmsidsundasiinsnezdily
giomdu 1 s @2 InDels iunsasunas
Tuus B uNnsou 1 Munys wazn1sWasunlas
fivane 3' Faldulasia 1 dums

YNNG Sanu318u OsDrol 751891
Tugrutdenatuaseuaqudiuduniivesdy
(Upstream) haga 1ua 99838 U (Downstream)
Pladlausnadiausaudasiaoanundulusiu 3dly
AHanNIENUAUNTAR T LUTeIlUSA Y NUNIS
WasuwUaswesdiuiirdlelndsiuau 17 funus

v uuS e SNPs 9717 u 13 ey e Tuus e

AIUNUEIVDITU 6 AILNUS LagA1UNa V898U 7
ALY US1I InDels 911U 4 siunuds Tuusiau
AIUNU VDT U 3 AUNUS LavA TUNS VB8 Y 1
Za[IRVIN

§u OSNACS (Os11g0184900) # 18 UU
Tastulowdl 11 funis 4,299,277 &3 4,301,783
A9AN19BULUULEUAU (- strand) Jvu19 1,870 Alua
Usenousieg 3 engeu usufiaiuisawlasia
sonundulushiu 817 990 Aiua wanseendulusiu
U9 329 nserdlu NuN1SUE suLUasueadIdiu
dandlelnadiuiu 75 dunis wuaidu SNPs 51
FLNYS Ay InDels 24 FMUNY Li 9nsI9d0U
nansznu nudn SNPs 1unisdsuudasiivans 5
Faluutasifa 2 fumds n15.U8 sunlasiiusiim
Sunsou 19 fumis Mmsasunlawiavesnsnezily
7 funie n5UE suwlasi nsnesilurilnfy 7
Fuvs wazmsiUasundasiivans 3 dslyiulasiva
16 suns dau InDels 1HunisiUdsunasiivans 5
Felauvasia 1 funus n151Ua susdasiiugnm
Bunsou 10 Sunis Msanfinsudasiannsauiu
(Inframe deletion) 2 sumls nMsifiufinnsudasia
AINTOURY (Inframe insertion) 2 Fuids MasUAeuwla
ﬁﬁ;ﬂﬁﬂaﬁlﬁum (Splice region variant) 1 #LAUS
wazmsUasuulasivans 3 sliuvasia 8 dumia

§u OSNAC6 (0s01g0884300) # 18 UL
TasTaleudl 1 fuvis 38,398,996 G 38,401,481 §l
AAN19BURUULEUAU (- strand) Avunn 3,480 ALud
Usenousae 3 engeu usafaiuisaulasia
sonundulusiu 817 912 fuua wansesnidulusiiu
U9 303 N3orAlu WuUNISIUA BuLUasuedIdiu
dandlelnadiuiu 15 drunis wuadu SNPs 10
FILAYY WA InDels 5 fwnu e 1l ensavdeu
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BuNIoU 5 Mvile Msidsullasrinvednsneyi by AUSIUDUNTOU 3 AIYUI wazASUAsULUAIN
2 @MU haznsasundasnvane 3' dalduda Uany 3' falduwdasia 2 duna

WA 3 FuUe @21 InDels tDun15uUA sunUag

Table 2 Summary of consequence effects from SNP and InDel variations that be found in 4 genes

Gene names OsSorl OsDro1 OsNAC5 OsNAC6
Location chr07:25,309,034-  chr09:16,307,169-  chr11:4,299,277-  chr01: 38,398,996-

25,311,637 16,311,448 4,301,783 38,401,481

Classes Effects (+ strand) (- strand) (- strand) (-strand)
SNPs - 5" UTR variant - 2 2 -
- Intron variant 13 12 19 5
- Missense variant a4 2 7 2
- Silent variant 1 1 7 -
- 3" UTR variant 2 - 16 3
- Upstream of gene - 6 - -
- Downstream of gene - 7 - -
InDels - 5" UTR variant - - 1 B}
- Intron variant - 1 10 3
- Inframe deletion - - 2 -
- Inframe insertion - - 2 -
- Splice region variant - - 1 -
- 3" UTR variant 1 1 8 2
- Upstream of gene - 3 - -
- Downstream of gene - 1 - -

TnowalFoudisuaiduiandlolndd  msdanguiugdndredoya SNPs uas InDels
uandsvesBy 4 Bu 9andavianun 23 Wug uans  vesBuiisule
ANLANA19YRIaIR U Ad lalnaTiui 147 nsdanausasaiuianalelndfiuaneing
Fuvis wuadu SNPs 111 fumis uag InDels 36 vedusazdu wumsiwasundaswesdwuinadlelnd

QIR 9n8u OsSor1 awnsautsnguinalaidu 2 nqulvg
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o ngu unaudufng 13 fug Ae lsdluess
Jileanans Unusnil 1 nu-wild 2 Wwndes Afos
g fﬁ"f[mzy' LA VTINENUEA 105, IRGA-IL, IR64A
waz Chenghui727 nqu Il Wunguanlufing 7 wug
Ap ‘L?Wg g v1alUelas Haogelao, Nipponbare,
Yuefu, IRAT109 ffuNgudusnT 3 fiug Ao Kinandang
Patong, NU43 wazmanue U (Figure 1A)

gu OsDro1 wusngudnalailu 2 nqulvg

A 1

Ao nau | Junquduini 14 fug e lsdiuess nud3

v oA
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Figure 1 Cluster diagram based on the Neighbor-Joining/UPGMA method by MEGA11 program from

SNP and InDel variations in 23 rice varieties; (A) OsSorl, (B) OsDro1, (C) OsNAC5 and (D)

OSNAC6; Red box showed upland rice and deep root, orange box showed upland rice

and drought tolerant, blue box showed lowland and drought sensitive and green box

showed lowland and shallow root.
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Figure 2 Cluster diagram based on the Neighbor-Joining/UPGMA method by MEGA11 program from
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and drought sensitive and the green box showed lowland and shallow root.
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Ophiocordyceps sinensis is a medicinal mushroom that has been used in traditional Chinese
medicine for a long time. Its main bioactive constituents are polysaccharides, cordycepin, and
adenosine, which contribute to body nourishment and outstanding pharmacological effects. That is, it
can fight cancer and stimulate the immune system by reducing antioxidants and hypoglycemia. The
aforementioned mushrooms are in demand and have a high market value, causing a crisis of insufficient
natural raw materials. The cultivation of mycelium to replace mushrooms was used to supply market
demand.

This study was conducted to obtain the correct pure strain of the O. sinensis fungus.
Fungal morpholosgical, nucleotide sequencing, and phylogenetic analyses were used. Naturally
dried O. sinensis mushrooms were collected from various sources in China by using both the part
of the fungus growing from the worm's head (Stroma) and the part of the worm's body
(Sclerotium). The results of this research showed that one isolate had colony characteristics and
morphology similar to the O. sinensis fungus. Using molecular biology techniques by comparing
the nucleotide sequence of nuclear ribosomal RNA gene amplified with primers ITS4 (5-

TCCTCCGCTTATTTGATATGC-3") and ITS5 (5-GGAAGTAAAAGTCGTAACAAGG-3'), it was confirmed that
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the fungus was O. sinensis. When comparing the phylogeny of the phylogenetic tree, it was found
that O. sinensis was in the family Ophiocordycipitaceae.

Cultivation of pure strains of fungus could be cultured in an agar formula of 10 ¢ of peptone,
40 g of dextrose, 20 ¢ of yeast extract, 15 ¢ of agar powder, and 1 L of distilled water at a temperature
of 16°C in the dark for 14 days. Morphological characteristics of the pure fungus that was found could
be explained as a round colony with white to light cream at the center with white hyphae and densely
stacked feathers, branches, fluffy aerial mycelium, and rod-shaped spores of 5-10 um in size. As a result,

the pure fungal strain that is produced can be utilized as an inoculum for the identification of biological

components and as material for additional research on their pharmacological effects.

Keywords: Strain selection, Identification, Morphology, Ophiocordyceps sinensis
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Juanewug Ophiocordyceps sinensis PRt W33y
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UupMNTiU SDA gl 16 ssmwaided Wuiian

14 Yu Tnesuiqnsididulefidunusandenmnih
Tvdanwauzmiiousuun (Plumose and downy) uag
wuwl (Dense) uonand §ailidulefiadad uly
91MAd sasnsnaisaUeiuazveiusle (Aerial
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Figure 1 Colony morphology and microstructure of fungal mycelium and ascospores of O. sinensis

strains; (A) colonies grown on agar media for 14 days; (B) mycelium grown on SDA agar media

observed under a microscope at 400x magnification; and (C) fungal mycelium and ascospores

grown on agar media for 14 days stained with Lactophenol cotton blue observed under a

microscope at 400x magnification. Yellow arrows indicate branched hyphae and red arrows

indicate rod-shaped ascospores with a length of 5-10 um

arnuauldITmuing

nnsieszviauldaneiTauinis 5.85-
ITS rDNA 9 93d18 W U ﬁ: Ophiocordyceps spp.
AUFUNUSLTIT TUIN15U98 W Ophiocordyceps
5.8S-ITS rDNA gninunalaglyis
(Kandeel et al., 2022) Us¥7

Neighbor-joining

QQ
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UszifiulagliiSanuinandugegn (MCL) dulidane
FYmunisfidenndosiuves Bootstrap @uandd
AR LSIF I Tamnnsvesuing i s s iy
aumumﬂmiﬁwgw 1,000 ﬂ%ﬂ (Sharma and Kumar,
2021) QNUaAIS Figure 2 Wu3N 1anewus O. sinensis
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FagAfuaNgnuUs O. sinensis MUBL@YAIALIYTA  LGITILUASTINYIA
KX237742.1 3 nWaga ws a1 aiursaasula i
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32 _22-: Ophiocordyceps cuboidea AB378669
_: Ophiocordyceps sphecocephala JN943351
39 Ophiocordyceps tricentri AB968410
10 — Ophiocordyceps clavata JN943328
34 L—— Ophiocordyceps sobolifera AB968409.1
2 Ophiocordyceps melolonthae KF937353

_41_: Ophiocordyceps brunneipunctata GU723777
Ophiocordyceps unilateralis GU723756

0 18 _: Ophiocordyceps sinensis KC184161
47 Ophiocordyceps sinensis JN049854

_”_: Ophiocordyceps heteropoda JN049852

0 Ophiocordyceps longissima AB968406

13 Ophiocordyceps lloydii KP200893
—59: Ophiocordyceps nigrella JNO49853

— Ophiocordyceps irangiensis GU723767

20 L—— Ophiocordyceps irangiensis strain JN049823

Ophiocordyceps neovolkiana HQ215593
_IL‘E Ophiocordyceps pulvinata AB721302
6 Ophiocordyceps stylophora JN049828
Ophiocordyceps communis GU723768
{ Ophiocordyceps rhizoidea GU723769
20 : Ophiocordyceps acicularis JNO49820
Ophiocordyceps forquignonii HQ662164
4 —— Ophiocordyceps gracilis HM142942
56 Ophiocordyceps nutans AB968408
'E Ophiocordyceps sinensis This study
99 Ophiocordyceps sinensis KX237742.1
Ophiocordyceps agriotidis JN0O49819
{ Ophiocordyceps entomorrhiza JN049850

_: Ophiocordyceps dipterigena EU573346
39 Ophiocordyceps myrmecophila EU573349

14

Figure 2 Phylogenetic tree in the family Ophiocordycipitaceae. The evolutionary relationships
of the Ophiocordyceps 5.85-ITS rDNA gene were determined using the neighbor-joining
method
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Study on Chemical Compositions of Essential Oil

from Dendrobium chrysotoxum Lindl. Fresh Flowers by GC-MS/MS TQ
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The aim of this research was to analyze the chemical compositions of the essential oil derived
from the fresh flowers of Dendrobium chrysotoxum Lindl. using Gas Chromatography-Mass
Spectrometry/Mass Spectrometry triple quadrupole (GC-MS/MS TQ). The essential oil from D.
chrysotoxum was extracted via hydro distillation. The fresh flowers yielded an essential oil content of
0.09%w/w. Several compounds were identified and categorized into five groups: saturated
hydrocarbons, alcohols, oxygenated terpenes, terpenes, and alkanes. The predominant components of
the D. chrysotoxum essential oil were n-eicosane (40.71%), n-heneicosane (25.71%), n-pentacosane

(7.11%), Q-phellandren-8-ol (5.42%), and n-docosane (4.23%).

Keywords: Dendrobium chrysotoxum Lindl., chemical components, essential oil, hydro-distillation,

GC-MS/MS
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POUTLLVY NITNAUAILUN WAELAT
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fusuAvdestuluhmaide 9 veutnusniduage
sanmondute Feneniinainmnenuiadiulany
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Ag 9 Ao gndAun1TaTyvetiinsenuiousiia

v

(Antitumor) gnEAIUNISHITYVOINADALEDA (Anti-

< o
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Wongchaowchan, 2018) ( Pingyot, 2017) &7 u
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30 AT x 0.25 faduns x 0.25 lulasiuns Tduis
Sidoufuniadimifidnsinisiua 1.0 iaddns
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dsfuvouszime
n15UsTvlnvetesdUsEnauvetiy
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ANUtuty 100 laulasnsuseliadans 10U Intemal
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sumedodosariiudildfadioufuusaiuildda

HauaRnsgilaanmada GC-MS/MS TQ

(A) (B)

Figure 1
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a9 38T UN19A1UT19 Yanane1UTEUN 20-30
WURLLAT ABNUUNINAUTEU 3-4 WURLUAT 31U
AoNUTzUIad 20 AONADYD ADNINAUNDUBOU 9
(Figure 1A-D) firog19fuiuglaiiuliiiiodnds

o lsaSouayuiandleldl lasinseySnuiugnasuiia

UNINGD LU

(@) (D)

Characteristics of the beginning of blooming of the orchid flower

(A) no blooming flower yet, will start to bloom the next day

(B) started blooming on the first day, there are still some buds.

(O) the second day of blooming

(D) 5" day of blooming
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Figure 2 Dendrobium chrysotoxum Lindl. fresh flowers (A) and essential oil (B)
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GC-MS/MS TQ ¢ total-ion chromatogram (TIC) wu
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(0.42%), trans-Verbenol (2.61%), p-Mentha-1,5-dien-
8-ol (2.16%), 2-Methylene cyclopentanol (0.47%),
Q-Phellandren-8-ol (5.42%), Terpinen-d-ol (1.68%),
Cyclopropane, Trimethyl (2-methyl-1-propenylidene)-
(043%), 24-Ditert-butylphenol (291%), n-Heneicosane
(25.71%), n-Docosane (4.23%), Unidentified (1.55%),

n-Eicosane (40.71%), n-Tetracosane (2.04%),
n-Pentacosane (7.11%) Wa g n-Heptacosane (1.33%)
Ty n-Ficosane (40.71%) Tuu3uuiiuiniign
1ae Internal Standard (IS) Octyl octanoate fiA1
RT Wiy 29.614 wazdla Rl Windu 1779 dauanslu
Figure 3 way Table 1 dlowFeuifisufusenuves
Robustelli della Cuna (Cuna et al., 2021) Ale
s1891u31 eeAUsEneUMaAilvesiTuneNsTIAY
970 Dendrobium chrysotoxum Yu fesAusznau

PUALNIEY 63 BN

107



PFANTIVYLALAWFTUIVINTNEAT 41(3): 103-112

Abundance

x10 2 |+ TIC Sean 2023050803.0
1.1+

1.05
14
0.95
0.9
0.85

6.044

O-Phellandren-8-ol

r—% 2,4-Di-tert-butylphenol

29.614

o)
o~
[
36.831
—
[aN]
U
34.723
[¥e)
o~
o~ [}
N 38.641
I~
35811 o~
37.715 [
40989

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 25 29 30 31 32 33 34 35 35 37 36 39 40 41 42 43 44 45 45 47

Time (min)

Figure 3 GC Chromatogram of essential oil form Dendrobium chrysotoxum Lindl. fresh flowers

Table 1 The main chemical components of essential oil from Dendrobium chrysotoxum Lindl.

fresh flowers

No. RT RI? RIP Components Group %
1 12.454 1100 1100  n-Eicosane; C11 Saturated hydrocarbons 1.23
2 12.828 1113 - Benzenemethanol, O-Methyl- Alcohol 0.42
3 13.787 1145 1145  trans-Verbenol Oxygenated terpenes 2.61
4 13.914 1149 1150 p-Mentha-1,5-dien-8-ol // Alcohol 2.16

Camphor
5 14.231 1160 1162 2-Methylene cyclopentanol Alcohol 0.47
6 14.446 1167 1170  O-Phellandren-8-ol Alcohol 5.42
7 14.750 1178 1177 Terpinen-4-ol Oxygenated terpenes 1.68
8 15.148 1191 - Cyclopropane, trimethyl Alkane 0.43
(2-Methyl-1-propenylidene)-
9 23.637 1513 1502  2,4-Di-tert-butylphenol Alcohol 291
10 34.723 2100 2100 n-Heneicosane; C21 Saturated hydrocarbons 25.71
11 35.811 2199 2200 n-Docosane; C22 Saturated hydrocarbons 4.23
12 36.557 2274 2279  9-Triacosene Terpenes 1.55
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Table 1 (Continued)

No. RT RI? RIP Components Group %
13 36.831 2302 2300 n-Eicosane; C23 Saturated hydrocarbons 40.71
14 37.715 2398 2400 n-Tetracosane; C24 Saturated hydrocarbons 2.04
15 38.641 2499 2500 n-Pentacosane; C25 Saturated hydrocarbons 7.11
16 40.989 2698 2700  n-Heptacosane; C27 Saturated hydrocarbons 1.33

a) Retention Indices according to experiment b) Retention Indices according to Adams (2007)

% = Percent composition

23AUSENOUNILALYRIUITURDUTE LY
wuasiduesAussnaundniiuau 5 nau (Table 2)
Taun lalasasuaundusi woanasad wasuunviy

@ a

fisefiveendiau meslu uasnguveddaiay e

[l

v
= [

WeunuuIduneanssiiean D. Chrysotoxum

=

N91897UNUTENABANENUTIT NENVBIATATTINY

a

1 12 ngy Fadimnuuanaiuuin lagluns3denss
& = ] s Aa o @ a

nvansiaiilungulalasaisueunduindudsunm
82.36% Wsivayaan Robustelli della Cuna (Cuna
et al., 2021) Uy wuastunguieamesivuu

UINNFATT 46.59% 1NAIUBANAINUNE1ULB198

annglavatausziu leun e1adsanainmaie

LALLATNLBNTTIATIZUTNLANAIIY Y iF0ADNLDDIAN

o

Aa . | X ° a & ° Aa
NUNANe Variety LYY LDBIAT 1138LDDIATATATNY

€

Fnualzaonuana1aiuliissanties Tun1sidedle

e

syudaiaundnin 0. Chrysotoxum fildlusuideil
Husenide fldigefne wieesdussnaums
ity funeusyineidauuandiaiueis
ieswnann ﬂé’wlﬁﬁ?uﬂqﬂiuﬁﬁﬁmmLmﬂsmﬁ’u
fansfugiivszimauas giioniafiduld (Agostini
et al., 2022)

Table 2 The percentage chemical groups found in D. Chrysotoxum essential oil from this study

and Robustelli della Cuna (Cuna et al., 2021)

Group D. Chrysotoxum D. Chrysotoxum
(This study) (Cuna et al., 2021)
Aldehydes - 3.15
Alcohols 11.38 797
Alkane 0.43 -
Acids - 0.45
Coumarin - 0.71
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Table 2 (Continued)

Group D. Chrysotoxum D. Chrysotoxum

(This study)

(Cuna et al., 2021)

Esters -
Ketones -
Saturated hydrocarbon 82.36
Unsaturated hydrocarbon -
Terpenes 1.55
Oxygenated terpenes 4.29
Miscellanea -

Unidentified -

46.59
0.62
22.84
0.69
2.04
8.31
0.48
6.13

914398999 Huang et al. (2018) la@nwen
asrUsznavasvenlunenidasilngld Solid-phase
microextraction (SPME) wag GC-MS Wua1s%ou 33
¥ip Usenouniy westu 15 via oaves 7 ¥lia
weaneged 6 wia a@1seglsuAn 2 via Alau 2 ¥ie

wazdanian 1 ¥iin lageamasiazwaussmiu

a9AUsznoundniiliarsveuiluands 80% voq
DIAUSENOUT NN S28ENSUILYDIRBNTILANANIAY
flUsunmweteiAUsEnouiuty wazanas lnoil
ﬂ‘%mmqaﬁqmﬁaizasmmﬁmﬁ (Full opening

stage) (Figure 4)

Budding stage  Half opening stage Full opening stage Withering stage

Figure 4 The morphological characteristics of D. Chrysotoxum flower at different blooming stages
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Development of gentle hair spa treatment products from Thai herbal extracts
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Nowadays, consumers are increasingly interested in herbal products for treating disease and
maintaining beauty, especially hair care products. Hence, the idea of developing herbal products for
hair care was developed. The aim of this study was to develop hair spa treatment products containing
Tiliacora triandra, Litsea glutinosa, Ecliptae prostratae, Carthamus tinctorius, and Rhinacanthus
nasutus extracts as active ingredients. The results showed that total phenolic and flavonoid contents
of T. triandra \eaf extract was significantly higher than those of the others (p<0.05). The anti-hair loss
shampoo and conditioner were developed with 1.0, 1.0, 2.5, 2.5 and 5.0 percent of T. triandra,
L. glutinosa, E. prostratae, C. tinctorius, and R. nasutus \eaf extracts, respectively. The developed anti-hair loss
herbal shampoo and conditioner products for sensitive skin were formulated to be Sodium Lauryl Ether
Sulfate (SLES), paraben, silicone and colorant free. Herbal shampoo and conditioner products had
satisfied appearance, green color, pH scale ranges from 4 to 6 and also natural aroma scent. From
sensory evaluation result (9-point hedonic scale) of herbal shampoo and conditioner products, the
overall acceptance scores were 7.0+0.6 and 7.0x0.3, respectively. In addition, the stability of products
was investigated by heat-cool cycles method. The results showed that phase separation was not

observed in all products.

Keywords: herbal extracts, herbal shampoo, herbal conditioner, total phenolic, total flavonoid
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a3y lufiu glufiu wnudu dlefu wazauisuiy
druvszneudsiinanadeunuinanunsaiiusiuiu
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Kumar et al., 2012)
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AR Grade) FefauUata1nisnisves Borras-Linares
et al. (2015) wauasana 0.4 1a. Avasazaly 0.25
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Fovaz 7.5 lauulanoUiu1ns (RC Labscan, AR
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a
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waUssiluauaudAnIsUszamdula Ao Anu
anwarUsIng d ndu aunta Anuansalunis

819990 WaTAINUYBULNETIU

ASANWIANUAIAIVDINAAN LN
NARDUAIIUAIFIVBINE AT a7 an122459
(Heat-cool cycles) 91u7U 6 50U lagyinn1siiu
wanAnmlunvusaativuasiuuasiigamndl 45+2%.
W 48 . wazifiuT 4+2%. w48 vy, Yuidu 1
50U Y1N19ATIVUATIERAIUAIAIVDINAN N U2IN
ANANIN Ao Ussilludnuaeusngeiuaien fnd
L* a* b* faeia3 093AAnd (NH310, 3nh, China) fin
Aanunilngaeia3eeialadined (ROTAVISC hi-vi i
IKA, Germany) wazA1uLdunIARIsAI8LA3 0eTLaY
fmos (ORION STAR A111, Thermo Scientific, USA)

nsAATIEtaya

S1U9TUNANISNARDILT UA LA 8 +d U

\Joauuans§1u (Mean=SD) nveya 3 2 1
Toyailiannimaassniiasziauuussu
(Analysis of Variance) LaglU3guliguaMULANAIS
v03A 1128 81ne35 Duncan's New Multiple Range
Test (OMRT) Tagldlusunsudiiagu Minitab 16
(Minitab Inc., USA) 7 sesiuaanand esiuiesay 95
(p<0.05)

NAN1599Y

nsanaasaInadsyasulng

ayulnslugruns (Titiacora triandra) Tuwdl
(Litsea glutinosa) n¥iiis (Eclipta Prostrata) aen
oy (Carthamus tinctorius L) wagnaaiuds
(Rhinacanthus nasutus) Ml UN1TEUWIILE AR
fheenueadosar 70 TaeUsunng arsataveuiild
fdnvaziduvounartukazdaiqunineig 9

LARIAd Table 1

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

Properties Herbal extracts
Tiliacora Litsea Eclipta Carthamus  Rhinacanthus
triandra glutinosa Prostrata tinctorius L. nasutus
Appearance Dark green Green Green Dark yellow Dark green
liquid liquid liquid liquid liquid
%Extraction yield  20.15+3.14 25.04+2.48 15.14+1.20 18.09+1.20 16.02+2.40
pH 5.03+0.23 6.58+0.02 5.29+0.02 6.00+£0.05 5.33+0.03
L* 17.12+0.02 17.17+0.02 16.54+0.04 18.97+0.02 16.06+0.08
a* 2.31+0.35 2.26+0.07 3.70+0.08 2.39+0.02 2.98+0.06
b* 0.35+0.01 0.33+0.01 0.51+0.01 -0.06+0.01 0.82+0.04
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voafunIsnIEduTadruninvessyuvwyiliing
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2022) TunsAnwUiunaarsuseneuilusadnuagy
Warliuesdluansannayulng 5 via (Table 2)
wuaasanalugrundivsunuarsusenauiluean
LLasmi‘UizﬂaUWmIauaaﬁﬁgwmqqﬁ'qmmﬁﬁu
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afalunsiueuyadase (%Free radical scavenging)
Aanudutusng 9 wudtarsadalugune lund
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aueyyadasylauinninfesay 80 Feldlianaiy
Wudurasasanadananunldlunisimungn sy
uaraATuLaANy Tnegasfiugiu 100 n¥y agifinans
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ansannansssudazdinisiddanisidenaans
g3 vesansanndennsldvinaasadainand
mMualaUszanal 5-10 win (Manosroi and Manosroi,
2013) fetulunisimungnandndasiuaumuazaiy
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Table 2 Total phenolic and flavonoid contents of herbal extracts

Herbal extracts

(mg GAE/ g extract)

Total phenolic content

Total flavonoid content

(mg CE/ g extract)

Tiliacora triandra 12.22+0.19° 2.94+0.01°
Litsea elutinosa 2.89+0.09° 1.45+0.02°
Eclipta Prostrata 1.22+0.02¢ 0.72+0.02°
Carthamus tinctorius L. 2.74+0.10° 0.67+0.01°
Rhinacanthus nasutus 1.21+0.02¢ 0.72+0.02°

Values are means of three replications + standard deviation.

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

nsimuNAndususuyayulnsgassauley
miﬁmmqmﬁﬁuﬁugmLLEU;J‘IQIJIG]ﬂﬁmsu:ds
nuyiavesarsiianumia 3 via Ao wouunuiy
lensendiefiawaglaa wazeslasiaalalndies
Tnefisunugnsiiugiu 5 gng (51-55) uanads Table
3 rnnsUszidunun nndinisudn 24 Falug
NUINGAT SA LARANNYULALERT S5 Annsuendu
Judugasilimunzay dmiugasi S1, S2 uay S3
laginsAinwAanunilanudngns S2 fd1annuvila
Amuyan a1u150luaeenannussySusilda
wavansnsansegludsilels Wothluneassldaszny
WuIENsanszaeuwduRNlade datarudu
N3A-Adl0A Y 4.88+002 §amunzausemiadsuz

AIUUIRTFINOAAMNTTUUBUNHANAYUINT (A7

VANNE AN A B 4.5-8.0) (Thai Industrial Standards

Institute, 2019) AsiuTahuvuyansfiugiugns s2
uwanayulnsAfinuautAvzasnusUsEnaUie
afnlugiunadesay 1.0 luniifesay 1.0 nuifisfoas
2.5 panAlososay 2.5 uazneswuts¥onay 5
(395 S6) WAnA vy aulnsfalATa e,
W daAuAINes Table 5 waz9InA157 8indy
anulnsAoutausdafuivenniuslsundifonas
0.5 ieliiAnudnsounatsvazassnu LAz LYY
ayulnsfiaunlidugesilifidmusznoulufou
aeTadinesdaine (SLES) wisiiuu 95lau uax
dduarent uenlugnss ouleu annsaltladumisdswe

YoIUIInANGUA gL Ty

119



5ANTIVYLATANASUIVINTINYAT 41(3): 113-126

Table 3 Formula of shampoo bases (S1-S5) and herbal shampoo (S6)

Parts Ingredients Formular no. (total 100 g)
S1 S2 S3 sS4 S5 S6
A DI Water up to 100.0  100.0  100.0  100.0  100.0  100.0
Disodium laureth sulfosuccinate 10.0 5.0 10.0 10.0 10.0 5.0
Magnesium laureth sulfate (and) 30.0 30.0 30.0 30.0 30.0 30.0
Disodium laureth sulfosuccinate
Xanthan gum - 0.25 0.5 - - 0.25
Hydroxyethyl cellulose - - - 0.5 - -
Acrylates copolymer - - - - 0.5 -
Cocamide DEA 1.0 1.0 1.0 1.0 1.0 1.0
Lauryl betain 5.0 5.0 5.0 5.0 5.0 5.0
B Polyquaternium-7 2.0 2.0 2.0 2.0 2.0 2.0
Polyquaternium-10 0.2 0.2 0.2 0.2 0.2 0.2
C Tiliacora triandra extract - - - - - 1.0
Litsea glutinosa extract - - - - - 1.0
Eclipta Prostrata extract - - - - - 25
Carthamus tinctorius L. extract - - - - - 25
Rhinacanthus nasutus extract - - - - - 5.0
D Depanthenol 0.5 0.5 0.5 0.5 0.5 0.5
Fragrance 0.5 0.5 0.5 0.5 0.5 0.5
Microcare PHC 0.8 0.8 0.8 0.8 0.8 0.8
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Table 4 Formula of conditioner bases (C1-C6) and herbal conditioner (C7)

Parts Ingredients Formular no. (total 100 g)

c1 c2 c3 Ca C5 Cé cr

A DI Water up to 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Cetrimonium bromide 4.0 4.0 4.0 4.0 4.0 4.0 4.0
PPG-3 caprylyl ether 1.0 1.0 1.0 1.0 1.0 1.0 1.0

B Dehyquart C4046 4.0 6.0 8.0 - - - 8.0
Dehyquart F75 - - - 4.0 6.0 8.0 -

C Tiliacora triandra extract - - - - - - 1.0
Litsea glutinosa extract - - - - - - 1.0
Eclipta prostrata extract - - - - - - 25
Carthamus tinctorius L. extract - - - - - - 25
Rhinacanthus nasutus extract - - - - - - 5.0

D Depanthenol 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Fragrance 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Microcare PHC 0.8 0.8 0.8 0.8 0.8 0.8 0.8

Table 5 Appearance and properties of suitable herbal shampoo and herbal conditioner

Products Appearance pH Viscosity (cP) Color

Herbal 4.94+0.02 1,025.3+89.7 L* = 15.39+0.01
shampoo a* = 6.44+0.02
b* = 0.74+0.01

Herbal 4.41+0.02 1,432.7+96.4 L* = 38.46+0.02
conditioner a* = 0.59+0.02

b* = 11.16+0.01

nsusziliunuianelavaswdnnae AUUIA ANAINNTALUAITANN9DN LAYAIINTOU

nualszifiuauianelevewmdndud  lneswegludnasuun 7 69 8 azuuu Judusziu
wrunwazaTuuInnualulng (Table 6) wuiiA1  ;zuuuiegluinasiveutiunansdisyouin
AziuuAuyeuluf U usnwzUsIng & ndu
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Table 6 Sensory evaluation of suitable herbal shampoo and herbal conditioner (n=30)

Attributes Herbal shampoo Herbal conditioner
Appearance 7.0+0.6 7.2+0.4
Color 7.0£0.8 7.0£0.4
Odor 6.9+0.6 7.1+0.3
Viscosity 7.1£0.5 7.0+0.2
Washable 7.1£0.6 7.2+0.3
Overall liking 7.0+0.6 7.0+0.3

Values are means of replications + standard deviation.

NNSANYIAIUAIAIVDINAAA N
91ANIIANEIAIIUAIAIVOING A et Ty
AN1IZLITIUIU 6 TOU U 24 FU WUIMARS N
wrmuazLasaiwInRLanlnsdanuasiad 1ie
wsauanoniudinaiddedlndideadn lddans

& | = ' a a 2 v
wenYu ArPNLduUNIan N AUaguLUaLaNU DY

1%
g o 1

Lwimﬁaaaq‘luﬁtmﬁmmsamcsiwﬁﬁwz dUA1AY
il pvosusundaniudwd othumaaounuas
nszpuduNLn U ddinisinafinafuuazaiunse
NSTMUUVUEUNLLAR d1SUASHUIANNTATANUNTR
anauAgaanunsad anunazliaduy ud uvay

ARyl (Table 7)

Table 7 Stability evaluation of herbal shampoo and herbal conditioner

Properties Herbal shampoo Herbal conditioner
Before After Before After
stability test stability test stability test stability test
Appearance —\

n«,} :

Pantone code! #C48786 #CCCO96~
pH 4.94+0.02° 5.12+0.05° 4.41+0.02° 5.12+0.04°
Viscosity (cP) 1,025.3+89.7° 1,205.3+122.5° 1,432.7+96.4° 1,215.9+102.1°
L* 15.39+0.01° 16.42+0.01° 38.46+0.02° 40.56+0.01°
a* 6.44+0.02° 5.89+0.05° 0.59+0.02" 0.62+0.05"™
b* 0.74+0.01" 0.69+0.07" 11.16+0.01° 10.52+0.02°

Values are means of three replications + standard deviation. Values of each product in the same row with the different letters

are significantly different at P<0.05. !Pantone code was identified from Color Gear Lite™ program.
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Drying Kinetics of Zingiber cassumunar Roxb. by Far-Infrared Radiation

under Vacuum Condition
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This research aimed to investigate the drying kinetics of Zingiber Cassumunar Roxb. (ZQ), the
optimal drying models, and quality assessment of 5 mm thick ZC samples by using far-infrared (FIR)
radiation at different intensities of 4,929, 6,550, 8,541 and 10,955 W/m? under a vacuum condition of 5
kPa (an absolute pressure). The initial moisture content of ZC was 3.58+0.04 ¢ water/g dry matter, and
was expected to reach a final moisture content of 0.10+0.02 g water/g dry matter after drying process.
The drying times obtained were 145, 85, 55, and 35 min for the respective radiation intensities. The
drying process exhibited a decreasing drying rate under all conditions. The model accuracy was assessed
using experimental data from five drying models, employing the coefficient of determination (R?) and
the root mean squared error (RMSE). The drying model proposed by Midilli et al. (2002) yielded the
most accurate drying predictions, with the highest R? value and the lowest RMSE value. The effective
moisture diffusion coefficient ranged from 0.59x1 0 '=2.75x1 0" m?/s, and the activation energy of ZC
was 17.97 kJ/mol. Regarding the quality of the dried ZC, it was observed that the yellowness (b*)
decreased with increasing drying intensity. The bulk density values ranged from 0.19 to 0.31 g/cm?, and
shrinkage values ranged from 77.57-93.47 percentages. An increase in radiation intensity led to an
increase in both bulk density and %shrinkage values. However, no significant difference was observed

between the drying conditions using radiation intensities of 4,929 and 6,550 W/m?.

Keywords: Zingiber cassumunar Roxb., far-infrared radiation, drying kinetics
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Table 1 Thin layer drying models for drying of ZC

ANSVIUNEVDILUUINADINITOULTITUUNE A1 N AD

TUIUFDE NI UNTIATIZH

No. Model Name Model Reference
1 Lewis MR = exp(-kt) (Bruce, 1985)
2 Page MR = exp(-kt") (Page, 1949)
3 Henderson and Pabis MR = a.exp(-kt) (Henderson and Pabis, 1961)
q Wang and Singh MR = 1+at+bt? (Wang and Singh, 1978)
5 Midilli et al. MR = a.exp(-kt")+bt (Midilli et al., 2002)
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Figure 1 Relationship between moisture ratio and the drying time of ZC drying

at different Infrared intensities

133



SANTIVYLATANASUIVINTINYAT 41(3): 127-139

c 016
£
. 1 ¢ ]
2 F
0.12 A
g x
- E .
N [} E
g o008 i
< .
[

z' T = @ | ] B E
= & | L]
3 004 a " - [
£ g @ B
-t (1 8 O 4,929 W/m® O 6,550 W/m?
R A z z
o A 8,541 W/m 0 10,955 W/m
e 0.00 T T T T T T T T T N

0 0.2 0.4 0.6 0.8 1

Moisture ratio (MR)

Figure 2 Relationship between drying rate and moisture ratio of ZC drying

at different Infrared intensities

< 4,929 W/m?
o 6,550 W/m?
0.8 -
& A 8,541 W/m?
8
© o 10,955 W/m?
LF]
2 0.6
=
o
£
P
[1]
k] 0.4
2
&
o
0.2
0 ] 1 1

o] 0.2 0.4 0.6 0.8 1

Experimental moisture ratio
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Table 2 Mathematical models applied to ZC drying curves and their statistical results

No. Intensity Constants and coefficients R? RMSE
(W/m?)

1 4,929 k = 0.0049 0.9992 0.0085

6,550 k =0.0131 0.9857 0.0328

8,541 k =0.0220 0.9916 0.0419

10,955  k =0.0339 09712 0.0074

2 4,929 k=0.0063 n=0.9543 0.9996 0.0056

6,550 k=0.0039 n=1.2650 0.9982 0.0127

8,541 k=0.0077 n=12710 0.9992 0.0137

10,955  k=0.0105 n=1.3290 0.9989 0.0105

3 4,929 k=0.0048 a=00978 0.9996 0.0057

6,550 k=0.0139 a=1.063 0.9903 0.0286

8,541 k=0.0234¢ a=1.059 0.9940 0.0360

10,955  k=0.0363 a=1076 0.9828 0.0396

4 4,929 a =-0.0020 b =0.0000008 0.8075 0.1719

6,550 a =-0.0101 b =0.0000261 0.9968 0.0173

8,541 a =-0.0166 b =0.0000705 0.9998 0.0067

10,955 a =-0.0247 b =0.0001555 0.9993 0.0083

5 4,929 k =0.0056 n=0.9709 a=0.9878 b =-0.00039 0.9997 0.0051

6,550 k =-0.0014 n=1.2070 a=0.9539 b=-00112 0.9939 0.0233

8,541 k=0.0080 n=1.2440 a=09836 b =-0.0002 0.9998 0.0075

10,955  k=0.0121 n=1.2740 a=09949 b =-0.0003 0.9997 0.0052

AndudszanansuniauduUsTanina
(Effective diffusivity coefficient, Dgg)

970 Table 3 nan53AsIzRAGUUSEENS
AsunsALT uUszansnavedlna lusewinanis
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9E5EMI19 0.59X 107 — 2.75X107 m1919un /AU
Tnefi Anduusyans nsunsanudulssansnadian

duduiionnudugiddunsusalnaildluniseuud
flanuniu uenandanduussavanisunsauty
UsyAnSnavesniseunislnaniesed@sunsisalna
elaanzayiniala1aaniIniseulieian
Frnmsiedsnnnudeu dearnnanuieiiniun
WUIANEUUSEANS NsunsALTuUsYANSNaves

TanFinmidAegluyie 10" - 107 ms1auns/Aud

(Sripinyowanich and Noomhorm, 2011)
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Table 3 Effective diffusivity coefficient of ZC drying at different infrared intensities

Infrared intensity Effective diffusivity coefficient R?
(W/m?) (m%/s)

4,929 0.59%10” 0.98

6,550 1.14X107 0.97

8,541 1.86X107 0.98

10,955 2.75%107 0.91
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Figure 4 Plot of natural logarithm of effective moisture diffusivity vs. reciprocal of absolute

temperature of drying of ZC
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Ready-to-Consume Gamat Sea Cucumber Soup
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This research aimed to formulate the most appropriate recipe for ready-to-consume Gamat sea
cucumber soup, assess customer satisfaction through sensory testing, and analyze nutritional facts
including shelf-life testing. In the experiments, four Gamat sea cucumber soup recipes were tested, each
formulated with varying quantities of Gamat-zero grams (control), 50, 100 and 150 grams of Gamat,
respectively. The findings revealed that the recipe containing 100 grams of Gamat in the soup received
the highest sensory test score. The result of the proximate analysis of Gamat soup revealed that the
percentages of moisture, carbohydrates, protein, ash, and fat were 91.55, 5.18, 2.05, 1.02 and 0.20%,
respectively. The proximate analysis of one serving (50 grams) of Gamat sea cucumber soup was 15
calories, 2 grams of sugar, and 0.2 grams of sodium. The advantages to consuming this soup include low
calorie content, minimal sugar, low fat and sodium. It was suitable for consumers who control their
weight and dietary considerations. No microorganisms were detected during the 56 day storage period.
Levels of Escherichia coli, Staphylococcus aureus, Salmonella spp., and Vibrio parahaemolyticus
in the soup were remained within safety limits as stipulated by the Thai Community Product Standards

(Reference Number 1505/2562).

Keywords: Gamat sea cucumber soup, herbal, proximate analysis
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Table 1 The formulas of ready to consume Gamat sea cucumber soup

Ingredients Quantity of ingredient in the soup (grams)
Control 1 2 3
Water 1000 1000 1000 1000
Onion 50 50 50 50
Carrot 100 100 100 100
Sweet corn 150 150 150 150
White radish 75 75 75 75
Coriander root 5 5 5 5
Garlic 25 25 25 25
Ginger 5 5 5 5
Black pepper 1 1 1 1
Chinese cabbage 200 200 200 200
Shitake mushroom 300 300 300 300
Salt 12 12 12 12
Refined sugar 8 8 8 8
Nile Tilapia 500 500 500 500
Chinese herbs 50 50 50 50
Dried Gamat 0 50 100 150

Anwanenisinuineguuainuang
Nngasiignnidentute 3 nAnAnsigUUds
nmaediussgluraautaldsunisandelaenisly
nffefssinteofelotfiguvnd 121 esmiwaldea
wazAudy 15 Youdsensnsia Tasdisvosaaly
nsside fo 15 il wdniundesusiazgniiiv
Wigamgiivosazlugifuiionmad 4 ssaieaidoa
dienaaouoigmaLiuinuddissezinandisiu 56 fu

N13ATIRaUNARTMYIazAnTUNTdUAI8E19mN 9

7 Tu ioTianeiuTiudunIdvianuaviegy lu

HandusigUUinmnanseuuilan

nsAATITtaYa
Uauedayanisnageunislszainduda
TugUuuuvesA11ad +A 11T B9 UUNIATFIY
(Mean+SD) 1513 suifisugmsunguuianivaa
FENINNAUAIVANLALNAUNAABY TLATIEYIAIY
kUIUSIU (Analysis of Variance: ANOVA) \ienadau
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AITULANG 19UD9A 1R BUBIATILUNTUSEIY
AMANNIUTEAMFUH LASNAZUAIIULANG 1S
1aeld' 76 Duncan’s New Multiple Range Test
(DMRT) Tneiiein p<0.05 Faustdannuumnsinedia
HedAneans

NAN1539¢

HAN1TIATIZHAMAIMILATUINITURINIMUIA
HAYINNTTIATIZIAUAINILAYUINTVD
Udanuunanis Tuusuu 100 nsu wundlusau
Tty 1 Teenms mnudiu wihitu 7.79, 2.15, 30.06
1.65 uaz 11.04 Ny ALY UenaInd Fanuin
Uaenmunauiaduwna i Tunaid suuazindn
TutSinasas neluraien 1,873.72 fadnsu uazman
9.983 faansu Tuaunsaezilu wulnudsnivung
wialiusunansnesiluiisndurenisasaiivln
asuynvia Taslawnzegnadilnadu Jeiusungean

[

7 8.63 fadnsuma 100 Jadansu Inelnaduddl

Anudrnglun1sshenziaeulfguewinmutes
msinwlsandruiledodu uazn1ssnwnzuInIg
ludensn 8nviansangandniiusunn 7.85 fadnsu
Ao 100 Hadnsu wan1TiATIzRnlasuInISvanil
9 v & = o a v &

Fliuisdneninvesudsnivuiauislunisiu

wraelAguINISRAMA NG

NaN1IMAFRUAMAINTINIAIUUsEEMAUEYaIURS
NMA
deruasmumnauanyigUuasnimae
Tnefnismaaesdiuiu 4 gns AHsndmveaUas
MNATILANANSTY WA9INNNTUSEETUAMATNNG
Jszamduiavesfuilaanuin viguie 4 gas
Usgnausiegnsmuny gasiiliuaanivene 50 niu
gas7 1TUGInImIIA 100 n§u uazgnsi 19Uaq
N1mM1A 150 n§u MNN1INAFBUAILTINElIYes
fuslan gasilduasnimunn 100 nfuldfuazuuu
msaam%’uqaqmt,aﬁlaagjﬁ 8.73+0.88" Azliuu (Table 2)

Table 2 The formulas of sensory test varied to the weights of dried Gamat sea cucumber

Formula Average score
Color Odor Flavor Texture Overall
acceptance
Control 6.36+0.16° 6.36+0.22° 6.63+0.15° 6.93+0.01¢ 6.86+0.03 ¢
Formula | 6.43+0.16° 6.36+0.16° 6.40+0.16° 6.33+0.16° 6.43+0.16°
Formula Il 8.60+0.22° 8.63+0.03° 8.10+0.01° 8.16+0.18° 8.73+0.88°
Formula Il 8.01+0.04° 8.12+0.03" 7.25+0.11° 8.00+0.02° 7.11+0.22°

Same alphabet in row marks no statistical difference (p>0.05)
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HANITLA VSN UUS 4N 1MaIA: NAN15AS39

N ¢

Ansziwegdunidnelsaluaims

M IageugUUanmnaiiuinwlin

13

gaungiiiesuavaungiiludifu (4 ssmneadoa)

Y 9

a |

nuImandaeifiviunaniedunsdnelsatesnin

UINTFIUA A19UA Laedn15nsIAINULaUNsd

Escherichia coli way Staphylococcus aureus
Tundndme wauSuiad st udauniiuinsgiu
N ATMUA @9ULy @ Salmonella spp. wag Vibrio

parahaemolyticus linulun1smaeaeu (Table 3)

Table 3 The results of pathogen microorganism in Gamat sea cucumber soup

Microbial Amount of the Amount of food Method of standardization
Type products in the study standard
MPN E.coli/gram Below 3.0 Below 3 FDA-BMA, online, 2013
S. aureus CFU/gram Below 10 Below 10 APHA-COMPENDIUM, 2015
Salmonella spp. None None ISO 6579-1, 2017 (E)
CFU/ 25 grams
V. parahaemolyticus None None ISO/TS 21872-1, 2017

CFU/ 25 grams

n53dedldvhnisfusnuguuaninea
wenuslaeusvezian 56 Tu lnedinsziviunm
A8uni e anualundaduel i idusnen oo
gamgdeuarludidu (4 esrnwadea) nanis

Fas1zvinudn Turae 7 Tuwsnlydnisasianu

o
@

AuvsEvmualundndaeiiiuinyvisaesgamgl

dmdunanSasififiuinuiigumgiives dowsfud
28 Jusuld wugduniduinnda 300 CFU/g T
ludiBusaudfuil 35 wugdunidilsedu 1.6x102
CFU/g warlutudl 56 Usmnmadunididudwiu

3.87x102 CFU/g (Table 4)
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Table 4 Microbiological changes during 56 days storage of Gamat sea cucumber soup at room

Temperature

Storage time

Microbiological parameters (CFU/g)

(day) Room temperature Fridge temperature (4°C)

0 Nd Nd

7 Nd Nd

14 <30%10? Nd

21 <30%x10? <30x10?
28 >300 <30x10?
35 >300 1.61x10?
42 >300 3.57x10?
49 >300 3.63x10?
56 >300 3.87x10?

Nd means not detected or less than 10 colonies, and >300 means colonies too numerous to count

32150iNaN15398

N153LAT1ENAUAININTUINITVRIUES
AuruIAWAIsaUIuIad 100 nSu Usznaualsluseiu
7.79 n5u lvdu 2.15 AsU 181 30.06 n5U leems
1.65 N3y wazAILTL 11.04 3y yonanddmuin
dmslulewnsn 54.96 n3u Asladmesea 0.003 N5
uAaLBey 1,873.720 dadnsu 1wdn 0.009 Ny uay
1Nde 0.004 n5u lun1siasigrdsunansaeziily
Adududmiumaaigidula nuirdinsunnuialeed
Inadudunsnozdlui fuiungean Ao 8.63
fiadnfusio 100 Aadny Fafiunuimlunisvage
ATN1sYIuTesreuldauesfi anas $hwlsa
néwlerloau wazsnwanvinmaludensn (Ham
et al., 2014; Koopman et al., 2017) uaﬂmﬂ‘ﬁ
nsanganiiniiuIunn 7.85 fadnSusie 100 dadiniy
Faduasadyluszuvanesiiisadestunisieans
wiaiduansdoansszuuyszam Buck et al., 2022)

1NI1UTT8UD Thonedee (2024) wui1UdINeLa

¥ila Stichopus horrens 13 ua 11197 9/ AN
Tnwunnsge mnedmsugidosnsiasuaiisguam
Uamziaviadiilusfugs (60-70%) lusfush (1-29%)
asTulawnsne (2-3%) wss1n 9 wuunn leun
weawd oy wundi@ou nuvadeon danzd wazinin
Aonfufnuann edua Indue Iandud1 Ianiud2
Anniud3 Indud wagdenfiud nealusfuiinuuin
e n3mlagiulaidud 1wy nseletadn nsnlalutadn
LAENIA EPA 91NN151A80980sYUURINMIAG 38
dnsdndameiaiuansnaiy (50, 100 uay 150
nfu) wuduslaeinsueusulsvamdudagean
Tugmsfifiuanimana 100 n¥u amfignsd a3
Anufouganoradunsginfiauaugaltusavii
waznaufimunzay liduduniesowduly iy
fvouvesifuslna mnduduvesudsnmnelugns
p1afiasiomusAnlunisutsenu sl arwauga
YossavIAuaznauInduNaNdy 1 luguitldiutie
Tfansilldsuanuduroy msfivasnvaneluyiun
flsisnniAuluraglisnwaueinisdasuinisiaglsl
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Y
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Study on Quality Changes of Ready-to-Drink Dragon Blood
(Peristrophe bivalvis (L.) Merr.) Tea During Storage
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This research aimed to study the shelf life of ready-to-drink dragon blood tea during storage at
room temperature (30+2°C) and refrigerator temperature (4+2°C) over a period of 24 days. The
experimental results showed that dragon blood tea stored at room temperature could only be
preserved for one day, on the day of production. In contrast, when stored in a refrigerator, it could be
preserved for 15 days. The dragon blood tea stored at room temperature exhibited significant color
changes, with the hue angle shifting from red purple to yellow red. There was an increase in light
transmittance (Transmittance, %T4), decrease in alkalinity, and a significant increase of citric acid
content (p<0.05). Storing at refrigerator temperature could help decrease the color changes, with the
hue angle of the dragon blood tea remaining red purple throughout the storage time. There were
slight changes in acidity and citric acid content. Regarding microbial quality, it was found that dragon
blood tea stored at room temperature had significantly higher total microbial, yeast, and mold count
when compared with that stored in the refrigerator, resulting in shorter shelf life. In terms of sensory
quality assessment, consumers consistently rated the taste of dragon blood tea stored in the

refrigerator as moderately likable throughout the 15 days of storage time.

Keywords: dragon blood tea, ready-to-drink, storage, quality change
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Figure 1 Appearance of ready-to-drink dragon blood tea during storage at different temperatures
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Table 1 Changes in L* a* and b* value of ready-to-drink dragon blood tea during storage

at different Temperatures

Storage 30x2°C 4+2°C

time (day) L* a* b* L* a* b*
0 6.29+0.02°  29.18+0.72°  4.62+0.03" 6.35+0.18°  29.01+0.72°  4.27+0.26°
3 57.07+1.35° -16.37+0.34° 49.45+0.19° 6.73+0.47°  30.57+0.76%° 5.11+0.13%°
6 7.09+0.16°  31.87+0.34*° 551+0.16°
9 7.20+0.63°  30.57+0.12%° 5.28+0.37%
12 7.14+0.56>  31.16+0.79% 5.46+0.15%°
15 8.44+0.21%  39.59+1.17%  5.71+0.74°
18 7.61+0.28%°  36.67+591% 4.82+0.03%°
21 7.54+0.11%°  30.11+0.38% 5.04+0.22°°
24 8.97+0.66°  31.64+0.72%° 5.82+0.15°

@< Different letters in the same column mean significantly different (p<0.05).

Table 2 Changes in Transmittance (%Tg;4), Hue angle and Chroma value of ready-to-drink dragon blood

tea during storage at different temperatures

Storage 30+2°C 41+2°C

time Transmittance Hue angle  Chroma Transmittance Hue angle Chroma

(day) (%Tg70) (%Te70)
0 35.63+0.06" 467+0.03° 1.88+0.02° 35.06+0.19°  4.53+0.33%°  1.82+0.04°
3 98.63+0.28° 75.00+0.32%  5.70+0.34° 36.15+0.509  4.51+0.15°°  2.02+0.14"
6 37.41+0.62°  4.81+0.05%°  2.07+0.09>
9 37.30+0.17°  4.83+0.03%°  2.13+0.17°
12 36.63+0.71°Y  4.96+0.15° 2.08+0.10
15 39.43+0.26°  4.93+0.05  2.21+0.30°
18 38.55+0.90°  4.42+0.40° 2.12+0.15
21 39.19+0.42°  4.48+0.32° 2.30+0.07°
24 40.53+0.01*°  4.65+0.23%°  337+0.23°

¢ Different letters in the same column mean significantly different (p<0.05).
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Figure 2 Changes in pH content and titratable acidity of ready-to-drink dragon blood tea during storage

at different temperatures
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Table 3 Changes in total plate count, yeast and mold value of ready-to-drink dragon blood tea

during storage at different temperatures

Storage time Total plate count (CFU/mU) Yeast and mold (CFU/ml)
(day) 30+2°C 4+2°C 30+2°C 4+2°C
0 n.d. n.d. n.d. n.d.
3 4.85x10" <25 4.9x10* n.d.
6 <25 n.d.
9 <25 <10
12 <25 <10
15 <25 <10
18 1.6x10* 3.6x10*
21 3.48x10" 3.96x10*
24 4.96x10" 5.16x10°

n.d. = not detected

a v e

n1sUssliugAINNI U ST eUszamduiavemdndaminnuinwigamoidiiu

U
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=
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9 Y
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Tuszni1anisiAusney nan1suseiiun1sgausu ANUE NAU AR warAUYaUlnYsIU (Table 4)
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Table 4 Sensory evaluation of ready-to-drink dragon blood tea during storage at refrigerator temperatures

Storage time  Appearance ™ Colour Flavor Taste Overall

(Days) acceptance
0 7.03+0.32 7.23+0.63° 7.30+0.75° 7.70+0.88° 7.50+0.73°
3 7.00+0.46 7.10+0.31° 7.17+0.70° 7.57+0.97% 7.40+0.23°
6 6.97+0.42 7.07+0.45° 6.93+0.70%°  7.50+0.94%° 7.37+0.77°
9 6.77+0.43 7.00+0.46%  7.07+0.75% 7.17+0.79" 7.07+0.74%
12 6.93+0.45 6.97+0.42° 6.90+0.85%¢  7.07+0.83> 7.20+0.55%
15 6.83+0.65 6.90+0.48° 6.70+0.80 7.23+1.04%¢ 6.90+0.76
18 6.80+0.81 6.93+0.45° 6.60+0.77¢ 6.83+1.09° 6.67+1.09°

" not significant different (p>0.05)

@< Different letters in the same column mean significantly different (p<0.05).
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The objective of this research was to develop software for sorting mangoes based on color
intensity levels. The system operated by analyzing the intensity levels of the red, green, and blue
components to classify mangoes by color. The system’s performance was evaluated using a newly
developed algorithm tested on six sample image groups, with 10 images per group, totaling 60 images
at a resolution of 640x480 pixels. The accuracy of the system was as follows: Group 1 achieved an
average accuracy of 80%, Group 2 achieved 80%, Group 3 achieved 90%, Group 4 achieved 90%, Group
5 achieved 90%, and Group 6 achieved 100%. The overall average accuracy was 88.33%. The system
required a camera device connected to a computer to capture images directly or to process general
images through the software.
The developed system demonstrated high effectiveness, with results indicating its reliability in
comparing color intensity levels. The developed algorithm exhibited high precision, consistency, and
suitability for applications in mango sorting, with potential for further development in detailed color

analysis.

Keywords: mango, image processing, algorithm, color intensity
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Figure 8 Compare the color and ripeness of Nam Dok Mai mangoes

N1FAATIEINFULUUAITEAUANGNVDINLII wifanunsaidioneseeldlunni Awsduauiagnien
luussaugaanenugnainvaty deaie 39835918 o dmsullielunisidiendeusainehiues
Unenldl Ao uzavpendn ssluiugiasugia uasaumANg IRz A 09N Fadl 6 S

wivglaarulugusuziigniugdudmiedyy  verugn (Figure 8)

Table 1 Table of color intensity levels of mango ripeness at 6 levels (color intensity)

Level of ripeness of mango RGB value of red  RGB value of green  RGB value of blue
(%) (R) (@Q) (B)
60 184 192 139
70 186 192 144
80 191 192 135
90 192 185 94
100 185 173 68
Ripe 165 98 12

910 Table 1 ArAnuduvosseduanugn  Awald Ao uns e uazundu asddrdistunia
vosuzaaeie 6 sedu Aldnnsldeenduadan  mnuanuasdvesuzshadufafvue (Barbin et al,
Anngimszdunranduvesd aunsadmueddld  2015)

AuR11e Baranlalunsagsdunanvosuzaing
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Figure 10 Overview of the context diagram of the system
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Figure 12 System processing
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for (int i = 0; i < bmap.Width; i++)
{
for (int j = 0; j < bmap.Height; j++)
{ color c =bmap.GetPixel(i, j);

Sum_G=5um_G+c.G;

Sum_B=Sum B+c.B;
}
}
Sum_G_Area=(bmap.Width*bmap.Height);
Xbar G=(Sum_G*100)/Sum_G_Area;
Sum_B_Area=(bmap.Width*bmap.Height);
Xbar B=(Sum_B*100)/Sum B Area;
if (Xbar G>=192) && ( Xbar B >=139))
{
textl = "Mangoes is 60 persent”;
}
}
SpeechSynthesizer synthesizer = new
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synthesizer.Volume = 100;
synthesizer.Rate = 0;
synthesizer.Speak(text1)
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Table 2 Group of test images

Level of 1 2 3 4

ripeness

60%

70%

80%

90%

100%

Ripe

wndilgiihgensiuag lunaaeunuisnis
WUU(Black Box) 158uspaudanaliagidunisin
gonFuriiluUszdiu iiemUsEans mwedsyuy
goldud3 wazfunsmaaeu ieseniuszuulnegly
(Acceptance test by user ) (Thaweepol, 2012)
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d2unauAu Ae 1) Function requirement test, 2)
Function test, 3) Usability test 4) Security test
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Table 2 Table comparing the efficiency of finding accuracy from 60 photos of the ripeness level

of mangoes in all 6 groups

Sample group of images of color levels Number of Experimental Average
of ripeness of mangoes test images precision Accuracy
60% 10 8 80%
70% 10 8 80%
80% 10 9 90%
90% 10 9 90%
100% 10 9 90%
Ripe 10 10 100%
Sum 60 53 88.33%
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Lingzhi (Ganoderma lucidum) mushrooms have antioxidant property. They can be used as feed
additives to improve the gut health of poultry. However, antioxidants have relatively low stability and
limitations in intestinal targeted delivery. Microencapsulation is a technique to improve stability,
bioavailability, and release of active ingredients at a target site. This experiment aimed to develop
Lingzhi extract (LE) microcapsules, evaluate controlled release and their stability under simulated
poultry digestive conditions. Sodium alginate (SA) was used as a wall material to fabricate SA
microcapsule containing LE as a model animal feed additive. The encapsulation efficiency (%EE),
swelling performance, the release efficiency as well as the antioxidant stability under simulated Gl were
examined. LE encapsulated in SA microcapsules had a good %EE (73.50+0.05%). Thermogravimetric
analysis demonstrated that SA microcapsule improved its thermal stability. The swelling result indicated
great performance of microcapsules (64.96+2.04% and 86.00+1.77% in gastric and intestinal stages,
respectively), whereas SA displayed the cumulative release of LE in gastric stage (41.00+1.98%) and in

intestinal stage (85.02+2.33%), respectively. Additionally, SA microcapsules retained antioxidant activity
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under acids, bile, trypsin, including thermal conditions. In conclusion, the SA microcapsule could be

considered as a promising driver of LE, drugs, and active compounds, etc. Consequently, LE/SA

microcapsule can be used as a feed additive, and it has to be further investigated in In Vivo.
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Figure 1 Schematic for step of preparation of LE/SA microcapsule
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Figure 2 TGA thermograms of (A) LE, (B) SA and (C) LE/SA
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Figure 3 Swelling percent (A) and cumulative release (B) of LE/SA in SGF and SIF
at 39.5+0.5°C. Simulated gastric fluid; SGF; Simulated intestinal fluid; SIF
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thermal treatment as evaluated by DPPH radical scavenging. #° superscript for significant

differences (P<0.05)
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Coronaviruses (CoVs) are a global threat to public health, animal health, and wildlife health.
They cause emerging infectious diseases and infect multiple hosts. While there have been numerous
studies on mammalian coronaviruses, research on CoVs in birds is limited. To bridge this gap, the
Department of National Parks, Wildlife, and Plant Conservation conducted a survey in Thailand to
investigate CoVs in various bird species. Between October 2020 and September 2022, oral and cloacal
swabs were collected from these birds and analyzed in the laboratory using RT-PCR and sequencing to
detect and identify CoVs. A total of 530 samples were collected from 24 bird species, including
shorebirds, waterfowl, wading birds, passerines and doves. Among these, 265 birds were identified, with
41.51% (110/265) being shorebirds, 21.13% (56/265) waterfowl, 20.38% (54/265) passerines, 10.19%
(27/265) doves, and 6.79% (18/265) wading birds. The positive rate of CoVs was found to be 6.03%
(16/265). These positive samples were classified as gammacoronaviruses, with 6.52% (3/46) detected in
Lesser Whistling-Duck (Dendrocygna javanica) and 2.63% (1/38) in Whiskered Tern (Chlidonias hybrida).
Deltacoronaviruses were identified in 100% (6/6) of Eastern Cattle Egret (Bubulcus coromandus), 33.33%
(2/6) of Indian Cormorant (Phalacrocorax fuscicollis), 28.57% (2/7) of Little Egret (Egretta garzetta), 9.09 %
(1/11) Rock Pigeon (Columba livia), and 6.66% (2/30) of Barn Swallow (Hirundo rustica). It is worth
noting that all positive birds appeared to be healthy. The genetic characteristics of these CoVs were
similar to those found in similar bird species in other regions. Although there were no reports of
abnormal sickness or mortality events among birds in the study areas, the results suggest the circulation

of these viruses in local birds and their potential role in maintaining the viral transmission cycle in the
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region. To gain a better understanding of the epidemiology of CoVs in birds and to monitor the viral

transmission cycle in the region, continuous surveillance of CoVs in migratory birds should be

conducted.
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Table 1 Study areas, capture methods and target bird populations

Habitat type Target group Province Method Number
of birds of birds
Wetland: Shorebird Samut Sakhon, Satun, Trang, Cannon 110
Saltpan, Mudflat Phetchaburi net
Wetland: Waterfowls Chachoengsao, Narathiwat, Mist net 56
Swamp Buri Ram, Chiang Rai, Nakhon Sawan
Wading Birds  Chachoengsao, Surat Thani, 18
Udon Thani
Community area:  Passerines Sa Kaeo, Chachoengsao, Loei, Mist net 54
Roosting site Narathiwat, Nan
Doves Sa Kaeo, Chachoengsao, Loei, 27
Narathiwat
Total 265

wamsmaaﬁmswﬁmmsﬁuqmsmaqL%@
Th5alalsun (Table 2) wusaegnslikauinanun 7
¥iin 1w 17 freghs 9nun 16 i Andusesay
6.03 (16/265) lngunensaey (Bubulcus coromandus)
\durdauninunavanunigadimau 6 d1 aadu

Savay 100 (6/6) s93asuduunniIvIUIne?

(Phalacrocorax fuscicollis) une11td & (Egretta
garzetta) UnWs1U (Columba livia) UNUIULEUTIU
(Hirundo rustica) \0auwas (Dendrocyena javanica)
WAZUNUNUIAKNAULATIVN (Chlidonias hybrid) A
Judewaz 33.33 (2/6), 28.57 (2/7), 9.09 (1/11),
6.67 (2/36), 4.3 (2/46) waz 2.63 (1/38) muasu
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Figure 1 Geographic distribution of samples area from birds and coronavirus detection Coronavirus Thailand

A = shorebirds, O = waterfowls, O = Passerine, O = Dove, $ = Wading Birds

(filled symbol = coronavirus detected and open symbol = coronavirus non-detected)
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Table 2 Coronavirus detection in cloacal swab (CS) and oral swab (OS) from wild birds in Thailand

Taxonomic classification

Number of birds

Number of samples

Total Positive Oral swab Cloacal swabs Overall
Total Positive Total Positive Total Positive
(%) (%) (%) (%)

Anseriformes 50 2 (4.00) 50 1 (2.00) 50 2 (4.00) 100 3 (3.00)
Lesser Whistling-Duck (Dendrocygna javanica) 46 2 (4.34) a6 1(2.17) 46 2 (4.34) 92 3 (3.26)
Garganey (Spatula querquedula) il 0 a4 0 a4 0 8 0
Columbiformes 27 1(3.70) 27 1 (3.70) 27 0 54 1 (3.70)
Rock Pigeon (Columba livia) 11 1(9.09) 11 1(9.09) 11 0 22 1(4.54)
Eastern Spotted Dove (Spilopelia chinensis) 5 0 5 0 5 0 10 0
Zebra Dove (Geopelia striata) 11 0 11 0 11 0 22 0
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Table 2 (Continued)

Taxonomic classification

Number of birds

Number of samples

Total Positive Oral swab Cloacal swabs Overall
Total Positive Total Positive Total Positive
(%) (%) (%) (%)

Charadriiformes 110 1 (0.90) 110 0 110 1 (0.90) 220 1 (0.45)
Grey Plover (Pluvialis squatarola) 1 0 1 0 1 0 2 0
Kentish Plover (Charadrius alexandrines) 1 0 1 0 1 0 2 0
Lesser Sand Plover (Charadrius mongolus) 26 0 26 0 26 0 52 0
Greater Sand Plover (Charadrius leschenaultia) 8 0 8 0 8 0 16 0
Ruddy Turnstone (Arenaria interpres) 5 0 5 0 5 0 10 0
Broad-billed Sandpiper (Calidris falcinellus) 3 0 3 0 3 0 6 0
Curlew Sandpiper (Calidris ferruginea) 3 0 3 0 3 0 6 0
Red-necked Stint (Calidris ruficollis) 10 0 10 0 10 0 20 0
Terek Sandpiper (Xenus cinereus) 13 0 13 0 13 0 26 0
Little Tern (Sternula albifrons) 1 0 1 0 1 0 2 0
Common Tern (Sterna hirundo) 1 0 1 0 1 0 2 0
Whiskered Tern (Chlidonias hybrid) 38 1(2.63) 38 0 38 1(2.63) 76 1(1.32)
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Table 2 (Continued)
Taxonomic classification Number of birds Number of samples
Total Positive Oral swab Cloacal swabs Overall
Total Positive Total Positive Total Positive
(%) (%) (%) (%)
Suliformes 6 2 (33.33) 6 0 6 2 (33.33) 12 2 (16.67)
Indian Cormorant (Phalacrocorax fuscicollis) 6 2 (33.33) 6 0 6 2 (33.33) 12 2
Pelicaniformes 18 8 (44.44) 18 2(11.11) 18 6 (33.33) 36 8 (22.22)
Chinese Pond Heron (Ardeola bacchus) 5 0 5 0 5 0 10 0
Eastern Cattle Egret (Bubulcus coromandus) 6 6 (100.00) 6 0 6 6 (100.00) 12 6 (50.00)
Little Egret (Egretta garzetta) 7 2 (28.57) 7 2 (28.57) 7 0 14 2 (14.29)
Passeriformes 54 2 (3.70) 54 1 (1.85) 54 1 (1.85) 108 2 (1.85)
Barn Swallow (Hirundo rustica) 30 2 (6.67) 30 1(3.34) 30 1(3.34) 60 2 (3.34)
Great Myna (Acridotheres grandlis) 6 0 6 0 6 0 12 0
Common Myna (Acridotheres tristis) 18 0 18 0 18 0 36 0
Total 265 16 (6.03) 265 5(1.87) 265 12 (4.52) 530 17 (3.21)
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Figure 2 Phylogenetic tree of RdRp gene of Coronaviruses from migratory birds in Thailand. The tree

was generated using MEGA 11 applying the Maximum Likelihood method in IQ-TREE2 with

TN+f+G4 model and 1000 ultrafast bootstrap replicates
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The purpose of this research was to study Palian pepper cultivation system, cost and return.
The goal was to benefit planning efforts for promoting the cultivation of Palian pepper in Palian district,
Trang province, and other areas with similar physical, economic, and social characteristics, to advance
their agricultural development. Data were gathered through interviews. This research enlisted the
participation of 21 particular farmer target groups. The collected data were analyzed using basic
descriptive statistics such as percentage, mean, and standard deviation. The research results revealed
that the majority of farmers were female, with an average age of 55.33 years. Most had completed a
Bachelor's degree or higher. The average household had 3.61 members, with 1.95 members involved in
agriculture. The average monthly income was 18,095.23 Baht, and the average household debt was
374,117.64 Baht. The majority of the farmers were members of the Bank for Agriculture and Agricultural
Cooperatives (BAAC). They received agricultural news from television and followed agricultural news
daily. Regarding the Palian pepper variety planting system, it was found that farmers had an average of
2.57 years of experience in growing peppers. They had an average total landholding of 10.52 rai, with
1.71 rai dedicated to pepper cultivation. The initial seed source came from within the village, and the
peppers were primarily grown for sale. However, the farmers had never received training on pepper
cultivation. The planting method was monoculture, using cuttings for propagation. They used concrete
poles for support, planting at a distance of 2x2 meters, with an average of 1.85 plants per pole.
Groundwater was used for irrigation, and no soil nutrient analysis was conducted. Organic fertilizer was

mostly used. The first harvest occurred an average of 13.50 months after planting, with subsequent
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harvests occurring every 3.50 months on average. Initial expenses on farm input to set up the new plot
(less than 1 year old) was averaged at 85,565.48 Baht per rai. The average yield after the first harvest (1
year or older) was 127.50 kilograms of dried peppers per rai. The average selling price was 400 Baht per
kilogram, resulting in an average product value of 48,640.00 Baht per rai. The average variable cost was
2,123.59 Baht per rai, and the average fixed cost was 2.17 Baht per rai. The average net income was
46,948.00 Baht per rai, and the average net profit was 46,911.00 Baht per rai. Despite the lower dry
yield of the Palian pepper variety compared to other varieties like the Salawak in Chanthaburi and
Rayong provinces, farmers received relatively better prices than in other areas. They also used
production factors, especially fertilizers, focusing on organic fertilizers which were cheaper than
chemical fertilizers and ensured consumer safety. Therefore, promoting peppers production should

focus on reducing costs and enhancing farmers’ knowledge of scientific production principles to address

the problems they face.

Keywords: Palian pepper, cost and return
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Table 1 Some basic economic and social information of farmers

(N=21)
Variable Quantity Percentage Average Standard Deviation
(person) (s.D.)
Sex

- Male 9 42.90 - -

- Female 12 57.10 - -
Average age (years) - - 55.33 11.98
Education level

- Elementary education 7 33.30 - -

- Secondary education 5 23.80 - -

- Bachelor's degree or higher 9 42.90 - -
Number of household members - - 3.61 1.49

(person/household)

Agricultural household Members - - 1.95 0.66

(person/household)

Income (Baht per month) - - 18,095.23 9,549.37
Debt situation

- Yes 17 81.00 - -

- No a4 19.00 - -
Amount of debt (Baht per household) - - 374,117.64 301,290.11
Membership in agricultural groups or

institutions

- Yes 17 81.00 - -

- No a4 19.00 - -
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Table 1 (Continued)
Variable Quantity Percentage Average Standard Deviation
(person) (s.D.)
Farmer groups or institutions* (n=17)
- Bank for Agriculture and 17 100.00 - -
Agricultural Cooperatives
(BAAQ)
- Palian Agricultural Cooperative 8 47.10 - -
- Palian Pepper Conservation 2 11.76 - -
Group
Agricultural information channel
- Television 9 43.70 - -
- Neighbor 4 17.90 - -
- Internet 8 38.40 - -
Agricultural news frequency
- Every day 10 47.60 - -
- 3-4 days a week 4 19.00 - -
- 1-2 days a week 7 33.30 - -

* Multiple choices allowed
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Table 2 Planting system for Palian pepper varieties

(N =21)
Variable Quantity Percentage Average Standard Deviation
(person) (s.D.)
Experience in growing pepper (years) - - 257 1.63
Total holding area (rai) - - 10.52 14.56
Pepper planting area (rai) - - 1.71 1.10
Origin of pepper varieties
- From the village 10 55.00 - -
- Agricultural cooperatives 11 45.00 - -
Reasons for growing pepper
- Sales focus 18 85.71 - -
Objectives for growing pepper
- Sales focus 21 100.00 - -
- Household labor utilization 16 76.19
preference ) _
- Additional income 11 52.38 - -
Pepper cultivation training
- No training received 12 57.10 - -
- Received training 9 42.90 - -
Previous land use
- Oil palm 9 42.90 - -
- Rubber 12 57.10 - -
Characteristics of pepper cultivation
- Monoculture 21 100.00 - -
Planting characteristics
- Grafted shoots 4 19.00 - -
- Cuttings 17 81.00 - -
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Table 2 (Continued)
Variable Quantity Percentage Average Standard Deviation
(person) (s.D.)
Number of plants per stand (average) - - 1.85 0.35
Pepper water source - - - -
- Rainwater 1 4.80 - -
- Pool water 9 42.90 - -
- Groundwater 11 52.40 - -

* Multiple choices allowed

funuuasnanauwnulunsuaannineg
1% = v a ]
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(@gliiiiu 1 U)
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Table 3 The utilization of production factors

57,269.64 UNN# B3 USENaURIY ﬁ"lwuuq‘l,a?ia
38,185.98+17,486.49 umaals A1 oiafiiade
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in new pepper plot planting (average/rai/year)

(N=16)
Variable Average Standard Deviation

Variable Cost (Baht/rai) 85,563.31 57,269.64
Material and equipment costs (Baht/rai) - -

- Pepper varieties 38,185.98 17,486.49

- Chemical fertilizers 1,266.97 975.10

- Organic fertilizers 355.25 145.70

- Cement pillars 45,755.11 38,662.35
Fixed cost (Baht/rai) 2.17 1.03

- Land tax 2.17 1.03
Total cost (Baht/rai) 85,565.48 57,270.67
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Table 4 The utilization of production factors, outputs, and income in the yielded pepper plots

(average/rai/year)
(N=6)
Variable Average Standard Deviation

Variable cost (Baht/rai) 2,123.59 1,364.64
Material and equipment costs (Baht/rai) - -

- Chemical fertilizers 1,289.12 995.15

- Organic fertilizers 384.27 182.11
Wage (Baht/rai) - -

- The cost of mowing the lawn 450.20 187.38
Fixed cost (Baht/rai) 2.17 1.03

- Land tax 2.17 1.03
Dry pepper yield (Kg/ rai) 127.50 2.30
Price of dried pepper (Baht/kg) 400.00 0.00
Value of dried pepper (Baht/rai) 48,640.00 920.86
Net income (Baht/rai) 46,948.00 1,227.65
Net profit (Baht/rai) 46,911.00 1,209.48
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The purpose of this research was to study the production and marketing system of Srivijaya
naked neck crossbred chicken in Nakhon Sri Thammarat province. Data were collected from a sample
of 30 farmers and 12 samples from wholesale, retail merchants, and community restaurants throusgh a
structured interview form. The study focused on the cost and return of producing Srivijaya naked neck
crossbred chicken in a single generation with an average age of 12 weeks. Farmers earned an average
net income per production cycle of 3.09 baht/bird/production cycle, and the average income over cash
cost was 18.68 baht/bird/production cycle with a return on investment (ROI) ratio of 2.82. The average
total cost of raising Srivijaya naked neck crossbred chicken was 109.41 baht/bird/production cycle, which
was separated into fixed and variable costs. The fixed cost consisted of depreciation and opportunity
cost, which were non-cash. The largest fixed cost was the opportunity cost of investment. The three
important variable costs included feed, with the highest percentage at 72.93 percent, breeding cost,
which accounted for 10.97 percent, and non-cash household labor, accounting for 8.96 percent,
respectively.

The distribution channel showed that farmers preferred selling Srivijaya naked neck crossbred
chicken to community consumers/community restaurants, which accounted for 63.33 percent, followed
by merchants in the local area, which accounted for 26.67 percent, and distribution to wholesale/retail
merchants, which accounted for 10.00 percent, respectively. Regarding the focus group, together with
crossbred chicken farmers, local gathering merchants, wholesalers/retailers, and restaurant operators, a
total of 12 participants proposed guidelines for developing the production of commercial Srivijaya naked
neck crossbred chicken by using marketing tools (4P's). These guidelines consisted of products that

consumers prefer: crossbred chickens that are soft, have a firm texture, and are not sticky, with a body
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weight of about 1.2 - 1.5 kilograms. As for the price, the price was considered suitable for the expected

quality. Distribution channels should focus on expanding to reach consumers both online and offline.

Marketing promotions should include education about the nutritional values of crossbred chicken. In

addition, all sectors involved should promote it to create awareness and help increase the demand for

native crossbred chicken consumption in the future.

Keyword: Srivijaya naked neck crossbred chicken, production, marketing
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Table 1 Cost-benefit of Srivijaya naked neck crossbred chicken (Baht/bird/production cycle)

ltem Value Value Percentage
in cash non-cash
(Baht) (Baht)
1. Fixed cost
1.1 Depreciation of poultry structure and equipment 1.87 1.71
1.2 Opportunity cost for land use 1.58 1.44
1.3 Opportunity cost for capital 2.35 2.14
Total fixed cost 5.79
2. Variable cost
2.1 Breed 12.00 10.97
2.2 Feed 79.80 72.93
2.3 Drug and Vaccine 0.50 0.46
2.4 Floor laying materials 0.30 0.27
2.5 Structure repairs and equipment 0.42 0.38
2.6 Others such as water and electricity bills 0.80 0.73
2.7 Household opportunity cost 9.80 8.96
Total variable cost 103.62
Total cost 109.41 100.00
Total cash cost 93.82
Total income 112.50
Net income 3.09
Income over cash cost 18.68
Return on Investment (ROI) 2.82

Source: from interviews and author calculations
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Table 2 Distribution channel of Srivijaya naked neck crossbred chicken

Distribution channel Frequency Percentage
Wholesale merchants / Retail merchants 3 10.00
Local gathering merchants 8 26.67
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Total 30 100

Source: from interviews and author calculations
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Market Dynamics and Efficiency Analysis of Native Chicken Trade in Phatthalung Province
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This study aimed to examine the general characteristics of the native chicken trade, including
the marketing structure, behavior, and operational results in Phatthalung Province's native chicken
market. Data were collected from three groups of native chicken traders: 6 local collectors, 4
provincial collectors, and 16 retail chicken traders. Questionnaires were employed for data collection,
followed by descriptive and quantitative data analysis. The study revealed that many sellers
characterize the live chicken market structure and relatively few buyers, whereas the carcass chicken
market has many buyers but few sellers. Local collectors' analysis of the live chicken market indicated
a marketing margin of 8.40 Baht per kilogram. Price and technical marketing efficiency are reported at
112.24 and 9.17, respectively. Provincial collectors experience a marketing margin of 17.59 Baht per
kilogram, and price marketing efficiency and technical marketing efficiency at 124.73 and 5.04,
respectively. Retailers purchasing carcass chicken directly from farmers report a marketing margin of
63.04 Baht per kilogram, and price marketing efficiency and technical marketing efficiency at 191.41
and 3.12, respectively. Retailers who buy chicken from collectors see a marketing margin of 59.29 Baht
per kilogram, and price marketing efficiency and technical marketing efficiency at 179.05 and 2.21,

respectively.

Keywords: native chicken, market structure, marketing margin, marketing efficiency
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Table 1 The marketing costs of live native chicken traders (Baht/kilogram)

[tem Local collector

Cash  Non-cash Cash

Provincial collector Retailer whole
chicken

Non-cash Cash Non-cash

Fixed costs -
- Deprediation of chicken-raising house -
- Depreciation of vehicle -
- Deprediation of chidken-raising equipment -
- Opportunity cost -

- Land use cost -

0.85 - 0.58 - 1.10
0.07 - 0.03 - 0.19
0.36 - 0.26 - 0.57
0.04 - 0.03 - 0.04
0.35 - 0.26 - 0.29
0.02 - 0.01 - -
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Table 1 (Continued)

ltem Local collector Provincial collector Retailer whole
chicken

Cash Non-cash Cash Non-cash Cash Non-cash

Variable costs 3.30 - 7.06 - 3.71

- Feed cost 0.37 - 0.61 - 0.94 -

- Fuel cost 0.36 - 1.75 - 0.81 -

- Wage - 1.99 - 2.14 - 1.67

- Cost of water supply 0.03 - 0.01 - 0.05 -

- Cost of electricity 0.03 - 0.01 - 0.05 -

- Cost of a telephone 0.15 - 0.07 - 0.19 -

- Animal movement fees 0.07 - 0.21 - - -

- Cost of weight loss 0.30 - 2.27 - - -
Cash and non-cash costs 1.31 2.85 4.92 2.72 2.04 2,77
Total costs 4.15 7.64 4.81

Table 2 Performance of the native chicken market by different types of traders (Baht/kilogram)

Local Provincial  Retailers buy Retailers buy
ftem collector collector  from farmers from aggregators
Price of purchasing live chickens 68.60 71.12 68.96 75.00
Selling price of live chicken 77.00 88.71 - -
Selling price of carcass - 132.00
. 134.29
chicken
Marketing margin 8.40 17.59 63.04 59.29
- Returns 4.25 9.95 20.78 19.65
- Marketing costs 4.15 7.64 42.26 39.73
* Collecting cost 4.81 -
* Slaughter cost 29.69 31.34
* Retail cost 8.39 8.39
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Table 2 (Continued)
Local Provincial  Retailers buy Retailers buy from
ftem collector collector  from farmers aggregators
Marketing margin 8.40 17.59 63.04 59.29
- Returns 4.25 9.95 20.78 19.65
- Marketing costs 4.15 7.64 42.26 39.73
* Collecting cost 4.81 -
* Slaughter cost 29.69 31.34
* Retail cost 8.39 8.39
Pricing efficiency 112.24 124.73 191.41 179.05
Selling price per cost 1.12 1.21 1.91 1.79
Selling price per marketing 9.17 5.04 3.12 2.21
margin
Technical efficiency 8.05 3.83 1.21 0.42
Return rat (%) 6.19 13.99 30.13 26.20
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This research aimed to study 1) the socio-economic of farmers in Mueang district, Suphan Buri
province 2) knowledge levels of farmers about rice seeds 3) marketing mix factors in farmers' selection
of rice seed purchasing decision 4) problems and suggestions to used rice varieties 5) factors related to
farmers' decision to use rice seeds. Data was collected from 400 farmers who were rice growers in 2023
in Mueang district, Suphan Buri province, using questionnaires and analyzed using descriptive statistics
and tested the hypothesis by Chi-Square.

The results showed that 1) Most of the population was female. Age average was 54.96 years,
graduate at the primary school. They were experience in rice growing at the average of 22.39 years.
Farmers chose to grow paddy rice as the main plant. The most popular variety was RD41. Rice growing
area average was 22.69 rai. Most of them were rental places. Farmers used rice seeds rate at 28.94 kg. /rai.
Rice seeds sown in flooded field. The average cost of rice production was 4,562 Baht/rai. The average
yield was 906kg./rai. The average selling price of the produce was 10,204 Baht/ton. The average retumn
from growing rice was 4,731 Baht/rai, 2) The knowledge level of farmers is at a moderate level, 3)
Marketing mix factors found that farmers gave important to high yields variety, followed by promotion,
4) The most common problems that farmers encounter were product problems including the quality
and price of rice seeds, farmers needs government to controls quality, and market prices of rice seeds.

and 5) Related factor to used rice varieties of farmers were planting objective, soil type, water source,
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rice seeds sellers, cost (rice seeds price), yields, knowledge level of farmers, and effect from people in

the community. The factor was significant related to used rice varieties at 0.05 level.

Keywords: rice seeds, factors to use rice seeds, rice marketing mix
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Table 1 Socio-economic factor to farmer’s decision to used rice seeds

Factors 2 Sig. Factors Y2 Sig.
Gender 4.40 0.22™ Age 15.90 0.20"™
Education attainment 24.20 0.15™ Number of agricultural 1391 031™

workers

Agricultural organization members 27.60 0.15™  Agricultural training 1550  0.22™
Experience in growing rice 14.13 0.29™ Goals for growing rice 96.20  0.00%
Agricultural land area holding 1859 0.99™ Area characteristics 8.72 0.46"™
Potting soil 20.10 0.02*  Water source for farming 71.60  0.00*
Information 57.06 0.26™ Source of grain seeds 125.00  0.00*
Grain seed price 50.70 0.00*  Grain seed utilization rate 71.60  1.00™
Seeding 16.03 0.07™ Use of tools for cultivation ~ 21.01  0.05™
Harvest 471 0.86™ Average yield per rai 40.10  0.00*
Average distribute per rai 29.80 0.00*  Average price per rai 45.41 0.00*
Average cost per rai 16.36  0.17™ Average return per rai 22.20  0.04*

ns = not significant, * Statistically significant level at 0.05
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(Table 2)
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Table 2 The farmer knowledge level to farmer’s decision to used rice seeds

Factor

X

S.D.

X2

Sig.

Knowledge level

1.95

0.42

152.50

0.00%

* Statistically significant level at 0.05

3) Jaduaulszaun1in1snain lawn
HARAY 5I1AT ATINIINUNY LazNITANLETUNITUY
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Table 3 Factors marketing mix in farmers' selection of rice seed

nwRsng egslitd AN NEi® Aszau 0.05 Tu 2 A

oA ATUNEAN UMY WaLAIUNITALASUNITVUNE

LARUIIALAEAIUNITIAIIUUNE TN UANUFURUS

aon1sinduladenldwdanugdnvesnunsng

(Table 3)

Marketing mix X S.D. X2 Sig.
Product 4.18 0.70 82.33 0.01*
Price 3.76 0.82 28.90 0.88"™
Place or Distribution 3.87 0.81 30.20 0.46"™
Promotion 3.44 0.82 165.00 0.04*

ns = not significant, * Statistically significant level at 0.05

4) Yy wudnunsnsidamaunadn o
WaRuAIN wazsiAnudaRus Tluszduain

sesaanAe Jgymanunain uazn1ssudeyatnians

Taenwnsnsnutguiluszauuiunany eonagou

anudgiu nudbudanuduiusaenisdndula

donlfuaniuginuesnenins (Table 4)
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Table 4 The rice seeds problem to farmer’s decision to used rice seeds

Marketing mix X S.D. X2 Sig.
Product 342 0.83 115.00 0.13™
Market 3.17 0.94 29.88 0.19"™
Information 2.87 1.01 23.47 0.49"™

ns = not significant

5) Jadedanudunusnonisinduls
donldwdaiuginvesnuasnslusuaedios danin

a v a ¥
anssauus Usenouaie Wanunglun1suandng

De

neaueAuUgnd1 waahnldlunsugninn was

[ 3

ALANNUTT17 S1A LA UE T2 N1591mUne

@,

HANa® USUTUNARNANT 17 S1A1YIUHANEA R
HANBULNUAINNITURNTIT SEAUAIIN] drulseau
NUNTNIAATUNBAN U WazAUELESUNITUE
(Table 5)

Table 5 Factor to farmer’s decision to used rice seeds

Factor X2 P-Value
Goals for growing rice 96.20 0.00*
Potting soil 20.10 0.02*
Water source for farming 71.60 0.00*
Source of grain seeds 125.00 0.00*
Grain seed price 50.70 0.00*
Average distribute per rai 29.80 0.00*
Average yield per rai 40.10 0.00*
Average price per rai 45.41 0.00*
Average return per rai 22.20 0.04*
Knowledge level 152.50 0.00*
Product 82.33 0.01*
Promotion 165.00 0.04*

* Statistically significant level at 0.05
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