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Abstract

This research presents the development of a model for the relationship between extreme values of
rainfall and rice yield in the lower northern provinces. Data on annual rice yield and total annual rainfall from
1990 to 2019 of six lower northern provinces which included Nakhonsawan, Phichit, Phitsanulok,
Kamphaengphet, Phetchabun and Sukhotha were used to develop a relationship model for the six lower
northern provinces. Three machine learning methods were used for the development of a model. The methods
comprised multiple regression analysis, random forest and support vector machine. In this research, the
performance of each model in each province was evaluated from the mean absolute error (MAE), the root
mean square error (RMSE), the mean square error (MSE) and R-squared value. The results showed that a model
created using the random forest method, with extreme rainfall values as independent variable, outperformed
the models built using the multiple regression analysis and support vector matching methods. This was
particularly true in the provinces of Nakhon Sawan, Phichit, Phitsanulok, and Kamphaeng Phet, where it
had both higher R-squared values and lower root mean squared error values. In addition, it was found
that using the extreme values of rainfall as an input variable for modeling, the model performance is better
than using total annual rainfall. The extreme values of rainfall can explain 64-79% of the variation in rice yield
in the lower northern provinces.

Keywords: extreme values of rainfall, machine learning, rice yield, the lower northern provinces
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1
f-SCoun) 545
C\6 C, 6

F9c, uay o, Ao mé’mﬂﬁzﬁm’émaﬁmmLﬁLLazéf’JLL‘USU%mmﬂgﬁNuﬁgﬂﬁﬂﬁﬂuﬂﬂamuﬁﬁu lag i AamllusuUSUu
131Nuﬁgnﬁﬂﬁﬂuﬂﬂ§1uﬁauﬁ i 910AN X, dvSuasassrannsanildannannisd (2) was (3)

= (X — X3
G= @
X, —X
®i = (3)

ag
F9 X, , X way o Ao NasIuveUS UL US 18R 0 URS RATINTDIUS UMW 8Li oY Aladulasdlud e

UINTFIUVBIHATINYDIUTU UL INUT LA D UVTONATINVBIUTIN U WU TR UA LA AU
WeAnuadyianndevsesouds (Z-index) BeufosudinuzdiduazlamantnvesUsunallulng AuIueInKa sy
Y9371 Z-index Mnnaglunnngueniiunauund 84Wa15a4131nA7 Z-index fauanslu Table 1

msuusdaya (split data)

éimi"‘unWﬁLLﬂq%’ama%v‘hmsLLUq%’auaaamﬂu 2 dau drnsnlddmsuadsaunis (train data) wazdufiaedls
mmwmaauaums (test data) mmumiﬂﬂ‘wmLLuwauamm‘uawLLU‘Uﬁnaaq (train data) Anwdu 80% Guawaua
v (MUYt oYa) MUSIAU wazdoyanaaeUd S UNAFEULUUS 0N (test data) Andu 209% sumsuauam‘mm
ANUAAU °v1nuLummﬂsuamﬂmJaammumﬂumiammzmmummﬂa‘w winsniuluwiazdaindalaldnsuusioyadmiu
asauuuass-dmsuneaeunuuiansdy 80-20%

Table 1 The z-index of precipitation and temperature extremes

Category Value Range Quantile Category Value Range Quantile
Extreme dry 7 < —1.65 less than 5% Moderate wet 052<Z7Z<1.04 70% - 85%
Severe dry —165<7Z<-104 5%-15% Severe wet 1.04<Z<165 85% - 95%
Moderate dry —-1.04<7Z<-0.52 15% - 30% Extreme wet Z > 1.65 greater than 95%
Normal —0.52<7Z<0.52 30% - 70%

5 19uuuTnassauFUNUS Ima“l%’é’ana‘%ﬁunflsl,%'ﬂuif*‘umLﬂf'ém (Machine learning algorithms)

mAseidenldiasfuuuidaduilaun N15IATIIN1IAnABENYAM (Multiple Linear Regression : MLR)
wazuuuliiBadudaldun Bdunedannnesiundu (Support Vector Machine: SVM) uaz33Unds (Random Forest:
RF) dusuriunenandndnvasadeludminfivalanlagldlusunsueis (R Program) st 4.3.1 Fausagisd
uavidenlnodenil
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mﬁmﬁwﬁmiamaﬁwnqm (Multiple Linear Regression: MLR) mﬁ’imeﬁmﬁamﬂawﬁdwnqmﬂu
MsfnwanuduRuSsEninuUsdase wanedtufiulsany 1§ iefnwrindfmuusdaseimlatieiisaudurinneg
ionyInsal wioeduren1sHuLUsvesmnUsaule ImaLG‘?J&Jummé’uﬁ’uﬁugmmwmaum‘aﬁl (@)

Yi=Bo+B Xy ++ B X, +e 4

Tnedi v, e faudsanu (Dependent Variable) X, X, A8 MuUsBase (Independent Variable), , Av YAFALAY
Y wioAwes Y iilo X = 0, By, ... 5, Ao A1TU (Slope) veadunsuufiuansdsdnsnisdsunames v e x
Wasuly 1w, e Ao ArmnanaAdousg1sdy (Random Error) il i = 1,-,p

BFUNDTANINABILNNTY (Support Vector Machine: SVM) d115Un153LA51%N 1500008 Wunuudaesnis
Fousreaniesiianunsadinseiteyauvuidadu (Linean uarliidadu (Nonlinear) fauvunisduunyssinmn
(Classification) wagn153LATIZIN1TaA00Y (Regression Analysis) %ammzﬁu%@z&aﬁlﬁwmLé’ﬂlﬂﬁmﬁwmmﬂmn SVM
dmsunisileseinisanaseivuailinduingusyasd (Objective Function) Isaunisd (5)
leftuinquszasd : min—|lwll + C Xy (e + €) (5)
Imaﬁﬁauisu : Vi—-wx)—b <e+e, Wx)+b—y, < e+¢€ ,6,6 =0
de w Ao nnweddwin, b Ao AdulsEAva, ¢ Ao faudsdiuin
Tnemnglunsilnuuusiaesiie nsmiladdunsinaulad y, luifue e dmiunn 9 x; Fanandluaunisi (6)

ele={p,_, T = ®

le]| — & otherwise
F8U1du (Random Forest: RF) dwsunsinszvinisanaes [Wunildludane3fiuiiugiuresnsiiouiveunios

(Machine Learning) wazdelsinduesosloniadaniuszdnsamdmsunsinednisnis ﬁqﬁﬁﬂwéuawuﬁﬂ#ﬂﬁﬁu’q
TUNITTIUNUTEARAZNNTIATIZANIT0A00Y FURn1NNTYUTINAUYEIIE ST IRUNUSTLANLUUTIAYLaY
33n155inadund (Regression Trees : CART) ”3'§ﬂwejuLﬁu’?%msmﬁﬁmsmﬂmszﬁmEJmﬁ’mmﬁmmﬂﬁajmﬂﬁuvl,ﬁmi
#naulaviansq wuulneldinafinn1ssausan Bootstrap n3efiisenin Bagging ﬁ’m%’umiﬁwmaﬂguzjmﬁwmaﬁ%ﬂwz‘juﬁw
Immi‘mﬂ'wLaﬁsmmﬁulﬁmiasﬁu%%ﬁﬂu?ﬁﬁmmsauﬁu%mpL%aﬁmml,msmmzﬁm%’uLLUUﬁwaaﬁmmﬁuL%nLé’u
dmsuarmsdwesdmsuisUndy wu duiuduld Anudnasanvesdiull ﬁhmuqdqmlum'ﬁl,l,ﬂﬁﬂfjw.wiam%q uay
ﬁWU’JuG}u’JaﬁhdﬁﬁaElﬁ’stﬂUfﬂiLLﬂﬂﬂﬁjNLLG]IaSﬂ%gﬁ‘\]%gﬂﬁ’muﬂﬂ&lﬂ’ﬁﬁuw}LL‘U“Uﬂ%G] %diquuiﬁaﬁtﬁaﬂi%%%ﬂwzj:uﬁw%’u
mMenzinisanaesruLiiAfiated randomForest Tulsunsuendlaeimunamsdwmesiwintuausu
N13UsEuUsEANSAINYDILUUTIa09 (Model Evaluation)

N1395219dUUTEANS NNV ILUUT1a03lAeaS Train/Test split mﬂ‘ifua]sﬁwmmmmwmmmLﬂﬁauﬁugﬁd
1@ 8 (Mean Absolute Error: MAE), A151n84A1Aa174A4 our1d3aediade (Root Mean Square Error : RMSE), A1
amunaIeLAdeuidsaeads (Mean Square Error : MSE), Arensridsae (R-squared) uazerirdsansiiusuauda
(Adjusted R-squared) iftelddmsuRarsanUszans mmvesuuusiaosildanuuudaesiis 3 35 feanunsaagiidu
ﬂsauLLmﬁmﬁm%“Umﬁmmsﬁ%’agaLﬁaﬁﬂmmmé’uﬁuéﬁwdwv’hfjméﬁmaaﬂ%mmﬁ%Nuﬁ’umawﬁm%’wﬂuﬂdu%’mi’m
meawtlonauais wansling Figure 1
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1. Models of safe rice yield affected by
climate extremes in the lower northern
provinces

2. A tool for modeling rice yields
affected by climate extremes

Figure 1 Research conceptual framework
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dmsunsitetiadldidnaanvesuiinanidunasardagavosgangidufustud (fudsdass) v
nandni1UasafoveausarUgnldiduduusnadng (fuuseu) uaziiienisnsivasuanugndeauazanuifedie
vesuvuiaesyateyavzgnuyseniduassdrunuudu Insdruvisdmivaiiauudians (Training) wagdndumils
dmSUNAABULLUTIABY (Testing) lusnsndau 80-20% vesyndoyarianunniud iy wazidelduuuhanudaneshng
avIvaeUUsyAnSnMneswuUsaeildlnefuinen rsquared wazsINTEIRIAAIMAABUAABnaAE (Root Mean
Square Error (RMSE))

NaNSANYILAZI5al

PnmTaniarmdutusseriaegednvessiuuiunandedvilundguimanamienoudilngl4
Brsiouifeinies 335 loud Bnsoanosidadunyaas Multiple Linear Regression : MLR), t1gal (Random Forest
1 RF) uagdunaininnasuuniiy (Support Vector Machine : SVM) uagldfudsindr(@udsdase) fe Aantnves
Utnaiu (zindex_prec) wavAUSIah TN ed (Precipitation)  3sléuuusiaes 6 wuusiaes dwsunis
ARl wuushaesil 1 (MLE+zindex_prec) fio LL‘U‘UfSwaaaﬁgma%’w%ﬂm?ﬁmﬁLﬂswﬁmiamaaawmm (MLR)
Im&JﬁéhLLﬂﬁﬁaszL*ﬁumqm%maqﬂ%mmﬁmu (zindex_pred), Wuusanafl 2 (RF+zindex_prec) #o wuudiasafignadng
lau3sUdu (RF) Tnefiduusdassdurantnuesuiinaieu (zindex_prec), uuushaesii 3 (SYM+zindex prec) #io
wuuaesfignadistulagisdunesanninesuundu (VM) Tasfifuusdassdurgalnvesusinaninu (zindex_prec),
wuusaesil 4 (MLE+ Precipitation) fio wuusiaesiignasrstulasisnsiinszimsnnnosnyan (MLR) lasdduds
Sasuilurusinanirusiused (Precipitation), wuushaesit 5 (RF+ Precipitation) fle LLUUﬁi’waaaﬁQﬂa%ﬁﬁuIm%%
Udu (RF) Tnefifuusdassidumusinaninusused (Precipitation) wazuuusiassdl 6 (SVM+ Precipitation) Ae
wuuaesfignadistulagisdunesannnesuundu (Svm) Tnefifaulsdassduruinadiusused (Precipitation)

Table 2 uansrensmdansweuuuiaosidenaniavasuiuuieiu (zindex_prec) uazUSnaninusiume
U (Precipitation) JusuUsdaszdmsugadeyaadrsuuudiassnadeunuuinass (Training- Testing)  80-20%
KanIsenut wuusieesdl 2 Sslidaudsdaszie mandavesiinaniny (zindex prec) wavgnadidlagisihdudu
wuuiaesifimensindsaosgeaniudminidng, fualan, Munanvsuazalie nefidwidu 0.62, 0.73, 0.64 uaz
0.77 mudy dmsuimiaunsmssduannrsysainuit uwudaesd 5 Fedifuusbassie Yinandusused
(Precipitation) uazgnasalagistnduduuuudiassiifidnenimasaesgean Inodavindu 0.82 uaz 0.77 mudidu
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Table 2 The R-squared of models for the z-index of rainfall and the total annual rainfall
provinces
Model
Nakhonsawan Phichit Phitsanulok  Kampaengphet Phetchabun Sukhothai
1. MLE + zindex_prec 0.6394 0.0559 0.0611 0.0340 0.0177 0.0011
2. RF + zindex_prec 0.7852 0.6196 0.7260 0.6396 0.6110 0.7741
3. SVM + zindex_prec 0.5382 0.1551 0.3382 -0.0203 0.0450 0.3144
4. MLE + Precipitation 0.6675 0.1031 0.2498 0.0345 0.0006 0.0153
5. RF + Precipitation 0.8209 0.5947 0.6543 0.6280 0.7691 0.7313
6. SVM + Precipitation 0.6160 0.2405 0.2469 -0.0151 0.2166 0.0224

zindex_prec is z-index of rainfall and Precipitation is the total annual rainfall

Table 3 uansA101¥MAIERINUSUAUAITRIMUUT AR INEANEATAvRIUSINNHY (zindex_prec) wazU3una

Ulusus18y (Precipitation) \Huduusdasydmiugadoyaadauuuinassnageuwuuiiass (Training- Testing) 80-

20% WaN1TITENUI Wuuaesl 2 Belliudsdaseae Aranlinvesinaniei (zindex_prec) uazgnasialagisungy

Junvuaesiifidensidaefivsuiudiguaniudminidng, fvadan, munanysuazaleie lnedawiidu 0.60,

0.71, 0.62 Uaz 0.76 AUAIAU dmTuTminuATAITTALAZINYTYSAINUD WuuTaesi 5 FailduusBaszAs USunaimy

595180 (Precipitation) uazuuudaegnasslaeisUiduiduwuudaesifrensmdaesiuiuaudigsn tnadian

WINAU 0.80 kay 0.76 ANUAIAU

Table 3 The Adjusted R-squared of models for the z-index of rainfall and the total annual rainfall

provinces
Model
Nakhonsawan Phichit Phitsanulok Kampaengphet Phetchabun Sukhothai
1. MLE + zindex_prec 0.5943 -0.0031 0.0117 -0.0197 -0.0269 -0.0443
2. RF + zindex_prec 0.7584 0.5958 0.7116 0.6196 0.5934 0.7638
3. SVM + zindex_prec 0.4804 0.1023 0.3034 -0.0770 0.0016 0.2832
4. MLE + Precipitation 0.6260 0.0471 0.2103 -0.0191 -0.0448 -0.0276
5. RF + Precipitation 0.7985 0.5694 0.6361 0.6074 0.7586 0.7196
6. SVM + Precipitation 0.5680 0.1930 0.2073 -0.0715 0.1810 -0.0201

zindex_prec is z-index of rainfall and Precipitation is the total annual rainfall
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Table 4 Efficiency of models for the z-index of rainfall and the total annual rainfall

MIASNYATNITIVUNG 2568 : 43 (3) : 316 — 327

Efficiency of models

Efficiency of models

Provinces Models > Provinces Models >

MAE MSE (x10°) RMSE MAE MSE (x10°) RMSE
1 164.07 377.49 194.29 1 162.99 290.80 170.53
2 160.18 341.69 184.85 2 160.33 314.02 177.21
3 165.69 377.19 194.21 3 124.72 180.69 134.42

Nakhonsawan Kampaengphet
4 194.59 463.55 215.30 4 163.24 291.78 170.82
5 209.86 504.87 224.07 5 162.23 324.02 180.01
6 190.26 447.17 211.46 6 125.64 183.00 135.28
1 58.14 76.51 87.47 1 41.90 22.85 47.80
2 100.07 105.16 102.55 2 114.21 169.74 130.28
3 94.69 146.13 120.88 3 44.14 22.38 47.31
Phichit Phetchabun
4 72.24 123.73 111.24 4 43.93 26.49 51.35
5 171.21 43577 208.75 5 45.47 3357 57.94
6 102.19 207.37 144.01 6 30.71 14.92 38.62
1 120.86 158.31 125.82 1 96.34 140.10 118.36
2 101.13 156.27 125.01 2 151.73 370.53 192.49
3 101.19 124.14 111.42 3 97.23 104.60 102.27
Phitsanulok Sukhothai

4 136.84 214.40 146.43 4 103.48 145.20 120.50
5 136.63 223.57 149.52 5 134.55 242.37 152.59
6 133.47 200.63 141.64 6 98.29 141.11 118.20

zindex_prec is z-index of rainfall and Precipitation is the total annual rainfall

ﬁ’m%’mﬁﬂﬁsﬁw%mwmmLL‘U‘Uﬁi"laadimaﬁﬁmwmnﬂ'wmwmamm?{auﬁ’ugiaﬁa?{a (MAE), A151A89AN
Aa1ARAoufdtanade (RMSE) warA1nuaa1amadoufdiaotads (MSE) suadLLUUﬁi’ﬂaaqﬁﬁﬂ'wqm;ﬁmaaU'%mm
vrlu (zindex_prec) wazUSnanirusused (Precipitation) 1Jusudsdaszdwiugadeyaasrsuuuinaes-ageu
WUUSa04 (Training- Testing) 80-20% A1ua1AyU fauanslilu Table 4 nan15358nudn wuus1ansdi 2 vesdanda
uAsANIIATATiuUTSasefe mqm%maw%mwfmu (zindex_prec) wazgnairalagisurguiduuvudiansiiiien
UsgAMBnmuesuuUsaecie 3 ﬁh(ﬁwqfﬂ TnefiAvindu 160.18 du/ls, 341.69 x 10° du/ls uay 184.85 fiu/ls mudau
dmsudminfidnsnuin uuusnassd 1 Fefidaudsdaseie mqm%maqﬂ%mmﬁ;ﬁﬂu (zindex_prec) wazgnasnalag
Fmsergimananssnnaiduiuuaesiiiiuszavsamesuusansi 3 dAhgs Taefidwintu 58.14 fu/ls,
76.51 x 10° diw/ls way 87.47 siw/ls aud1du dmsudwmdanivalannuin wuusaesd 3 fedifulsdastie AARTA
vosUSuauiely (zindex_prec) uazgnalagisdunesannmesiuniuduuuudassiifidusansnmvesuuudias
W 2 ﬁh@‘i’wqm TngfiAvindu 124.14 x 10° du/ls wag 111.42 du/ls auaeu dvmsudminmunanysnuin Luudiaes
7l 3 Faflduusdaseie ﬁwqm%mmﬁmmﬁmu (zindex_prec) waggnasislaedsdunasannnesuunduluwuuiiass
AfiAUsyansamuesuuusiasna 3 Aviran tnedavindu 124.72 du/ls, 180.69 x 10° §u/ls waz 134.42 du/ls
MNA1IU dmsudaniaunesysainudn wuUsaei 6 Felfulsdassie Usinanhdusansed (Precipitation) wazgn
a¥dagittunesannnosumiuduuuusassidmuss s amuesuusiasia 3 ﬂ'm"wqm TnadAindu 30.71 A/

o v @ o

15, 14.92 x 10° du/ls wag 38.62 fiuw/ls muadu wazdwiudminglovionudn wuuiiaed 3 Faliduusdasefe Al

a o s

gndnvesUSuraniinlu (zindex_prec) wazgnasisinedddunasaanmesuunduiluwuudiaesidAuszdniamues
WUUTIEe 2 Anan tnelpwindu 104.60 x 10° dw/ls, way 102.27 du/ls auddu
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o

dmfumsfinsananuduiusssnidandavossinarhiuiunendatrlunguiminaamionauans,m
\nFeaflofifuszansnmuasianuindededmiviuuiiassmandninlunguiminnamionouandlaunanseny
mﬂmam%mmﬂ?mmﬁmu aJ3ﬁm5m1mﬂﬂ'wmmﬂamm?{auﬁumaﬁaﬁ'a (MAE), ﬂ'ﬁmsuam'mamLﬂﬁauﬁwﬁqaan
1y (RMSE), AAnsnaiaiadeuriidsaediade (MSE) mmaummmamuamsmﬂmvuumaaqauﬂ WAZA1D1NNREeY
(R-squared) dsmsiieunnndt 0.5 Tunanfedtu dmsuuuusiaest 6 wuusiaes vessardmin  Fuanslu Figure
2-7

Figure 2 wanaAAIILAaALAA auduysailads (MAE), A5invasAiraInindeurdsasdiad (RMSE), A
AruAaLAdeufdidesiads (MSE) uazAro1imdsansdmsunuudansiia 6 uuusiaeswesdminuasanssd wut
wuusassiifionsidsaesgeanuaslurnsieatuiidusyansnmie 3 dsign fe wwudaesd 2 Feilfuusdasyo
AandaesuTinaieiu (zindex_prec) wazgnasislaizdngy Tneflawvindu 160.18 #u/ld, 184.85 fu/ls, 341.69 x
0° fu/ls waz 0.79 muady

MAE, RMSE, MSE and R-square of the z-index of rainfall

and the total annual rainfall of Nakhonsawan province
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Figure 2 Efficiency of models for Nakhonsawan province

Figure 3 wanaAAIILAAALAG udNYsailads (MAE), A15InvasAiraInindeurdsasdiad (RMSE), A
ANLARIALAA BUAEIAD1LaRE (MSE) UazA1914Ma a0 @i uLUUsIanIne 6 LUUSIa0weIdanIafidns nuin
wuushaesiifionsmdsaesunnndn 0.50 Ao wuuaesdl 2 wazkuusiaesd 5 wisgslsinuiiofiansanaiussansam
i1 3 Aramdae FednuszAnsamensiinaanud uuudiaeedl 2 FeliuusBaszde AandnvosUIunainy
(zindex_prec) wazgnas1alae3suidu nedlawvindu 100.07 du/ls, 102.55 du/ls, 105.16 x 10° Au/ls uaz 0.62
AIUAIAU

MAE, RMSE, MSE and R-square of the z-index of rainfall

and the total annual rainfall of Phichit province
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Figure 3 Efficiency of models for Phichit province
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Figure 4 LLamﬂ'wmwmammﬁaué’uqizﬁmﬁm (MAE), @151nU89A1AANALAEA UNTaIdad e (RMSE), AN
ANUARIALAG BUMAGI@BURRY (MSE) WazA1813Masaesdmiunuuiaee 6 wuudiassvasdminfivalan wuid
° PP o W ' & ° a ° a o I A a | a a
WUV LB ANS9@81INN11 0.50 AB WUV 2 WazkUUT1a09N 5 wiag1alsimuilonansana1useansnin
N4 3 A19IUA18 FaAUsEANS A mAITdaganudn wuudiaesi 2 Falldiudsdaseae FraadnveauIuiauiny
(zindex_prec) uazgnaiislaeddungu lnesianvindu 101.13 du/ls, 125.01 du/ls, 156.27 x 10° dw/ls uay 0.73

AUAIAUY

MAE, RMSE, MSE and R-square of the z-index of rainfall

and the total annual rainfall of Phitsanulok province
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Figure 4 Efficiency of models for Phitsanulok province

Figure 5 LLammmmmamLﬂ?{aué’uyjiiﬁm?{ﬁ (MAE), A151n983A1AaALAG ourd sdeads (RMSE), AN
AUAANALARPURE@BIRAY (MSE) uaA1e1$idtentd msuLuUsiantia 6 LUUS1a0wosdIninfunamys wui
wuushaesfifiendidsdeswnnndt 0.50 fie wuusiaesdl 2 waruuusiaesdl 5 udegrslsinuiliofiansanduszansam
i3 3 Ansandae GerdseAniamensiiganuin wuusiaeed 2 feifulsbaseie Argadnvosuunuiisly
(zindex_prec) uazgnas1alagIsuidu Inedavindu 160.33 du/ls, 177.21 du/ls, 314.02 x 10° dw/ls uaz 0.64

AUAIAUY
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0.628
200

150 Iy t:i

10

o

v
o

Efficiency (Ton/Rai)

0 |||L-:

MLE + RF + SVR + MLE + RF + SVR +

zindex_prec zindex_prec zindex_prec Precipitation Precipitation Precipitation

([T MAE [T 1] RMSE e MSE R-square

Figure 5 Efficiency of models for Kampaengphet province
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Figure 6 uanAIAINLAAIALAA BudNYTailade (MAE), A151nv83A IAaALAR BuUANdsaBade (RMSE), AN
AuAaIRAAeufdsaeaads (MSE) uazeensidaesdmiuuuusiaoia 6 WUUT18090R M InNYTY el WU
wuuiaesiifiensindsaosunnndn 0.50 Ae wuudiaesil 2 uazuuudiaesdl 5 udeglsAmuilofinnsandrUssansam
i1 3 Araudae derUszAnsamarsiishaanudn uuudiaesd 5 deidulsdassAe Usuiaidusanged
(Precipitation) wazgnasialaedsundu lnefia1indu 45.47 du/ls, 57.94 du/ls, 33.57 x 10° du/ls uag 0.77
RHERET

MAE, RMSE, MSE and R-square of the z-index of rainfall

and the total annual rainfall of Phetchabun province
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Figure 6 Efficiency of models for Phetchabun province

Figure 7 wandA1AIuAaIniad suduysaliade (MAE), A151nvesAInaInLAd suindsasatade (RMSE), A
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Table 5 The summary of the best method for the relationship between the extreme values of rainfall and the

rice yields in the lower northern provinces

R-squared Efficiency (Ton/Rai) for zp Efficiency (Ton/Rai) for pr
Provinces Method

zp pr MAE RMSE  MSE (x10®  MAE  RMSE  MSE (x10%)
Nakhonsawan RF 0.79 0.82 160.18 184.85 341.69 209.86 224.07 504.87
Phichit RF 0.62 0.60 100.07 102.55 105.16 171.21 208.75 435,77
Phitsanulok RF 0.73 0.65 101.13 125.01 156.27 136.63 149.52 223.57
Kampaengphet RF 0.64 0.63 160.33 177.21 314.02 162.23 180.01 324.02
Phetchabun RF 0.61 0.77 114.21 169.74 130.28 45.47 57.94 33.57
Sukhothai RF 0.77 0.73 151.73 370.53 192.49 134.55 152.59 242.37

zp is the model that zindex_prec is independent variable, pr is the model that precipitation is independent variable
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Abstract

Fragrance and cooking quality are pivotal traits in the development of aromatic and soft-
textured rice varieties, which are highly favored by consumers. This study aimed to validate these
attributes in seven improved rice lines that were developed for resistance to blast disease and
tolerance to submergence. These lines were derived from a cross between HomWarin, a recipient
variety conferring submergence tolerance, and RD75, a donor variety for blast resistance, through
marker-assisted backcrossing. The presence of the badh2, be, and SSlla-TT genes, associated with
grain fragrance, low amylose content, and low gelatinization temperature, was confirmed using

Aromarker, Waxy, and SNP2340-41 markers, respectively. The grain fragrance and cooking qualities,
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including amylose content, gel consistency, and gelatinization temperature of the seven improved
lines, were evaluated through sensory testing, colorimetric analysis, gel consistency measurements,
and alkali tests, respectively. The results demonstrated that these lines exhibited notable grain
fragrance, low amylose content (15.60-16.32%), soft gel consistency (91.33-120.67 mm), and low
gelatinization temperature (alkali spreading value [ASV] 6.7-7.0). Furthermore, these improved lines,
which are resistant to blast and tolerant to submergence, were comparable to the widely cultivated
KDML105 variety. These aromatic, soft-textured, and low gelatinization temperature rice lines will
undergo further selection for superior agronomic traits, and evaluate for yield performance and
stability in intra-, inter-, and farmer-level trials.

Keywords: rice breeding, marker-assisted selection (MAS), grain fragrance, cooking qualities
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Table 1 DNA markers for grain fragrance, low amylose content, and low gelatinization temperature

in improved rice lines resistance to blast disease and tolerance to submergence

Target allele

Markers Traits Genes/QTLs Chr. References
size (bp)
1. Aromarker  Grain aroma badh2 8 392 Jantaboon et al. (2011)
2. Waxy Low amylose content Wx® 6 325 Jantaboon et al. (2011)
3. SNP2340-41 Low gelatinization SSla-TT 6 500, 458 Kate-ngam et al. (2008)
temperature
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0.1000 ¥4 1Ry 95% tevisuea 1 fadans wehldazasudivaisazas 1N NaOH 9 fiadans 91ntanild
Fuludifton 10wl Heliliduuutiuesiagliiindu 100 fad8ns gaansazanetiuds 5 faddns iy
ansazanelolofiu 2 fladans Ysuusunsividu 100 faddns dretinduweglmdfundnifausum
orlulaa lngTannuanunsalunisgandudsuasd 620 unlutuns laeldia3 o spectrophotometer
Wisufeuadldfunsivinasgiu fvussuiuueslulaa fail Ae Usinaerlalaa 10-20 wWedidus 1y
Tmezlalaasn, 20-25 Wesidud iutmerlulaauiunans uaz 11nndn 25 Wesidud 1uineslalaags
(Graham, 2002; Naivikul, 2007)

nsUsgliumnuasindaninginanssegninisivaveawlaanaiuisnisves Cagampang et al.
(1973) Tnedautledn 0.1 n3u ldnasanaassvuin 11x100 fadans s 0.025% thymol blue ethanol 0.21
fladans waziiy 0.2 N KOH 2 fladans wehlhdhfudnhludiludiendunan 8 wiit vhlvudluddy
Wy 20 Wit antuilunuuueuuunsEAEnsINUY 30 Uil LLé'aﬂ’uﬁﬂmaImJi’mwzmaﬁLLﬁqqﬂl‘wa
Wufladuuns miLL‘U'dmmmﬁ’wawﬂdqﬂﬂ'nLﬁ'aLﬁué’haﬂm&Jisz’fﬁwzmqmﬂwammLLﬂqqmﬂummSﬁ
Wisuisusuaaaiasg iy ansnsautsialdifu 3 ssan il wauds (hard gel) fszoenianisivaves
wlsanwiniu 26-40 fiadidns watuUunad (medium gel) Hszagnnanisiuawiniu 41-60 faddns wavlaa
99U (soft gel) fszuynianisinaninnit 60 Taddns (Graham, 2002; Naivikul, 2007)
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nsusuilugamaiiutianlaeussidivannainisaateivesudadiluasararelnunadeulansen
T Aadudu 1.7 wWesidud (alkali spreading value, ASV) nu3Bn139es Little et al. (1958) lngguén
F199713u 10 waa Msastuauuiafifidnda (petri dish) wdnfivarsazansludeoulansonledidudu 1.7
Wosidud Usinms 100 fadans Tagliwdndnasluarsarans ansulaiisliigamgiivonduan 23
Falus Sufinnanisaaneivesudadnlaefitnasinaslfazuuy daus 1 89 7 (nternational Rice Research
Institute, 2013) Tneaziuy 1 wuned wasdndauysal, 2 vaneds wiatsunes, 3 nuneds windn
Woed wardilasesseging, 4 naned wanTmesi i warlimulasiaude, 5 e wintuen
9N, 6 Muneds wantnaaefundaiudowdndn way 7 vuneds wandnaaedmualaglyiiy
dnvasantimdesy Anisaaefivenndadaunsadinndangudnvargamgiudgnuesinld lay
d1iifien ASV faust 1-3 mnedls Siionmgiutiangs (74.5-80 sameailea), $17ida1 ASV faust 4-5
NUYHY Gﬁnﬁﬁqmwgﬁuﬂ&qﬂﬂmﬂmd (70-74 perwaldod) was 41910A ASV aus 6-7 waneds 419
oaumgiiudansn (endn 70 esriwaiBua) (Graham, 2002; Naivikul, 2007)
nsAATIvidaya

AagianuLlsUTIUnsaifvewan1sUsEiiuanwarauen Usinaeylulaa anumnsiauls
an uazeamndudean f1835 Analysis of Variance (ANOVA) wagid3oulfisuenlad o@1835 Least
Significance Difference (LSD) Ing/l4lusunsu STAR statistical tool for agricultural research (version 2.0.1)

Nan1sANwIkazIansal

N3ATIREaUBUAIUANANBEAUEN Ustnuezlulas uazgamaliutegn

91NM575I9a0UTY badh? WX way SSlla-TT AruAudnuazaaves Usunuerlilaad uay
onumgiudagne Tngldia3oamany Aromarker Waxy wag SNP2340-41 sudistu (Table 1) Tudianeug
Usudgsiumulsalniuasmaivhudundu suidmaneiususudseis 7 sewus Unnguauueadaes
81 badh2 vu1n 398 bp uaULEARE Wx® YA 325 bp UaY LOULEAAAT8Y SSlia-TT (F1unis 2340-
2341) ¥u1A 550, 458 bp Audwy WulAgItuLeadavesdusnaluiugrieuazudl (Nv75 wag weuTu)
uaztusUSsufisurnenued 105 Fausdan dnameiuguivgadinaiaia 7 arewugiduanetugtnd
wéafinduney Uinaeglulaas uazgamndudeandt wuderduiusul (newnni) wudvie (nv75) way
Wuginenuzd 105 uane1san IR57514 FaUusnguauteadaves Badh2 ¥u1n 400 bp UeAAAYDI WX’
117 310 bp UNULEATATEN SSlla-GC A 550, 126 bp F9Usd IR57514 Huaesitugdfiwdalsifieny
e Usuaerlulaags waslloamniindeangs auanau (Fisure 1)
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SNP2340-41 marker

Figure 1 A), B) Polyacrylamide gel electrophoresis and C) Agarose gel electrophoresis of PCR
amplification products in seven improve rice lines resistance to blast and tolerance to submergence
(number 1-7), female parent (HomWarin), male parent (RD75), KDML105 (positive check variety) and
IR57514 (negative check variety) using Aromarker, Waxy marker and SNP2340-41

nsUsaifiudnuaizanunenuazamn N IsiurasdmeRusUSu s umulsaluduazmutiavion
AUNEAU

nsUszudnuazanuven Ysinaerlulaa anuasiiwlean wargamgiudean adunisludn
apugUFuUssUTugsiumulsaludiuasmudwihadundu S1uau 7 aeius wWisuileufuiugul (new
131) Wugwe (NU75) v1anenuzd 105 WudiuFsuifisudsiianuven Usinueslulaas anuasiudan
gou uavgamniudeand uaz IR57514 \umeiudiuTouiisuddidnuasliven Usinuerlilaags A
Asuwdagnuiunans uaggamiiulagnga

MnmsUsziudnuuzAnuvoNiinuaumeiy badh2 Tudmaeiuguiulgem S1uam 7 aneus
Tne3Sn13aunau (sensory test) wuin TmaeitugusuUgedanaaiidiazuuuameNad sy 1
duderfuinumaenuzd 105 na75 uasmeu iy Ustiditug/aeuginaiduinidnaune du
417 IR57514 fdAzuuunNusemity 0 Ustindudnilddndunen d1nmeiugusuussiumulsald
4 7 aneiitug (Table 2) nansUssiiuarmenlngisnsaunaulinaaenndosiunsnsvdeudu badh2 .
TneldieSaanuny Aromarker (Figure 1A)
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Table 2 Amylose content, gel consistency, and gelatinization temperature of seven improved rice
lines resistance to blast and tolerance to submergence derived from a cross between HomWarin and
RD75

Cooking quality traits

Lines/varieties

AC (%) GT (ASV) GC (mm.) Aroma

1. UBN14008-811-1 15.95 6.7 99.67 1
2. UBN14008-858-1 15.71 6.7 94.00 1
3. UBN14008-886-2 15.60 6.7 104.67 1
4. UBN14008-922-1 16.05 6.7 110.00 1
5. UBN14008-928-2 15.83 6.7 120.67 1
6. UBN14008-936-2 16.32 6.7 91.33 1
7. UBN14008-942-1 15.61 7.0 99.33 1
8. HomWarin (recipient female parent) 15.95 6.7 104.67 1
9. RD75 (donor male parent) 15.67 6.7 109.33 1
10. IR57514 (negative check) 30.22 2.7 57.33 0
11. KDML105 (positive check) 15.71 7.0 65.67 1
F-test * * * -

LSD 0.05 0.90 0.48 6.27 -

Mean" 15.87 6.71 102.81 1

CV (%) 3.1 4.4 3.8 -

AC = amylose content, GT = gelatinization temperature (ASV = alkaline spreading value); GC = gel consistency
*= Significance at 0.05 probability level

Y Mean of seven improved rice lines resistance to blast and tolerance to submergence

ﬁﬂwmsmwwamgﬂmuquﬁwguﬁaﬁl badh2 (betaine aldehyde dehydrogenase homologue 2)
Tuvusuulasiuley 8 (Riabroy et al., 2013; Vanavichit et al., 2005; Wanchana et al., 2005) Tnevhludu
Badh2 (0s2AP) vimtinfidaasziiieulsy Betaine aldehyde dehydrogenase (BADH) w3ataulasl amino
aldehyde dehydrogenase (AMADH) 7 99zU8 suans 'Y-aminobutyraldehyde (GABald) luiduans Y-
aminobutyric acid (GABA) finasild1alsifinduney ifleiAanisnanetugainduisiu Badh2 Tuidudusies
badh2 lagfin1sviameluvesiandlolnadiuiu 8 damdlelndluvinaienseu 7 ludu Badh2 dnavinli
nswUasianganeurinnue (premature stop codon) vilsdnaiugasnailianunsadunseieules BADH
iieluiaeuans GABald lifiuans GABA ¢ uslasiinisadeans 2-Acetyl-1-Pyrroline (2AP) Fuunu dana
il adindunen (Riabroy et al, 2013; Vanavichit et al, 2005) 403 031178 Aromarker SA21UF1LN1E
gasfuBuiiruaudnuaizaumen (gene specific marker) annsatunldiduedesdietslunisdnden
(marker-assisted selection) lunsufuussiuginlifinrumenlsognsiivszansam idesmnodsnangn
ﬁwlﬂiﬂumuﬂ%’Uﬂgqﬁ’ua:%ﬂﬁﬁmwwauﬁgﬂuﬂizmmt,awhdﬂﬁsmﬂa&mﬂ”mmw (Jantaboon et al.,
2011; Kate-ngam et al., 2011; Khanthong et al., 2018; Oo et al., 2015; Yi et al., 2009) A19&79LYU N5
USuugeaneiugdng IR57514 illenumeuuasdnanmnsvesuadiednivninenuegd 105 aulddaiuging
“UaNI3U” (Kate-ngam et al,, 2011) uaznsUFUUTHILS Manawthukha vesws1 dadudralifinduven
wazfiUsinuerlilaagsliduinn Manawthukha anefuguiuussifinduvennasiiusinues lilaauiunang
Ad1T VAR (Y et al, 2009) udu nsuSuuseRugTlEindunenaztisensedusad iy
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v v

LNEAINTLA asmvl,sﬁmuuaﬂmﬂLﬂ‘wmni%Lﬁaﬂﬂqﬂ%’nﬁ'Lﬁuﬁui%mauLLé”Jadmmﬁwﬁqﬁqamwmmﬁamﬁ
wangandadutadvdfyiinadenumenvesingnse mndnldsugumgiislurazdnaiieneeu
ponnen wazaamdn awvilitnausaaisansnenldnnnnitluanmenmgiias Inednilduonmgiin
lussevifuielnoamnylussosndunds ($ienaenid 28-30 Fu) waziinisdamsszuneesnainulag
mmamsmﬁlamﬂ’ligfyt,aamwau 2P Tuthafiuifeald (Itani et al., 2004)
Mnmanisineiuinaeyluladlutmaneiugusuugsunulsalwiasmudvhudundulagld
3% colorimetric ¥ansganduuasi 620 unluwns Wisuiisuivaisazaisuasgiundafinguuiana
ozlulad waznsnlumsgIudifan Correlation coefficient (89 Ny 1.000 AlsanAgandunasyeadn
WugUSouiounnsgIu 91u3U 5 g lawn 919vnenugd 105, nv21, NU23, FoUM 1 wag NU6 HANIS
Anseivsinuerlulaa wui TnaeRuiuiuugets 7 ameiug Susinaeylulaaedlurag 15.60-16.32
Wosidud lduanasadanuuiuueslulaavestinvinenugd 105 (15.71 wWeosidus) nu75 (15.67
Wosidus) wagneul13u (15.95 Wesidus) uananinuuana1an1sadnegeiidodAey (p<0.05) fu
Uinaseglulaavesinaneiiug IR57514 Faduiugnsnaeuiiiuiinaeslulaags (30.22 Wedldus) (Table
2) nan1susuiuviunaesluladlinadenndestunisnsiaaeudu Wx® Tngldiadesmuns Waxy (Figure 1B)
SnvauzUIunaerlulaadii gneduausisuoada Wx® vesdu Waxy Ssiiduntsuulaslulend 6 simii
Fumsrzsiioulesl granule bound starch synthase (GBSS) Tun1sdaasigvieslulaa Inedu Waxy & 3 wea
da Usznousie ueada Wi dawlnamuludddudniifiusunueslulaauiunansiisgs diuusada WA
wuludridduinifidusinaerlilaamuazdnavedni uazuoadados wx wuludrimdes Wanchana et
al. (2003) s189uM5W i uuwesiianalelnily exon 2 veadu Waxy s1uau 23 daaalelnd (23 bp
duplication) nliinn1sudasianeaneuiivun daalididunseieslulaalatesamisaslildiae
Frethady Sramder nu6 dwdniifiueada wx® azidwuiianalelng AGGTATA isumia 5 splice site
Tu intron 1 90981 Waxy unisuanseanuesdunuuin@ (common allele) dsnaldnasiaoulesl GBSS
flanysal vinlanansadaasgioglulaaldluuiinags Inenuiiivsinueslilaagsnindniiiueada s
fl9 10 Wi (Sano, 1984) wWu dartusianlyk Dusuaerlalaageuszunn 27-28 Wesidud dwdniiiueada
Wi dunasnannisunuiinesiinalelng asaumia 5 splice site Tu intron 1 9 nfinalelnd G Tuidu
T (ATGTATA) [G-T polymorphism] irlwdin1sdainsizitoulesl GBSS anas dswalidnilusuueslulasly
USunausn (Ayres et al, 1997; Hirano et al., 1998) wfu 9119 1nenued 105 TeiusunmerlulaaUssuia
13-18 Wodldud Tniifiviinaeslulaadidensgnazdauumiennnnidniiviinues lilasuiunais
flege eglsimutmiiviinuerlulaaviiiufdsdinnuuvesdnaniiunnsaiy Wifomanieateiu
mmmﬁwadLLﬂqqﬂLLasqmmﬁLL“Udfjﬂ%"qLﬁu‘wwwﬁma%ﬁﬁﬁz‘g@iaé’ﬂwmmmﬂ'lwmimﬁwum%wﬂuwiag
fussae (Tan et al, 1999) nsusulgsiuginifiensusinauazdseanlutiagiuiouiusdnveniiuyuiia
AuamnIssRuadeifuiinenugd 105 Wudnlug Fsanetusdnnusugsiumiulselndiasnunivio
5vwﬁummmﬁ%’aﬁﬁﬁﬁﬂwmzﬁﬁ@ﬁménLsduﬁ’u
nuansUssdivdnuvauzenmniutianvesinilaegldanisaarsdiveaudndriluasazatenns (KOH)
vty 1.7 Wedidust (ASV) (Table 2 wag Figure 2) wuth Fmaeiugusuugssumulsalndiuasmuh
viaugunduia 7 aneiug dA1 ASV egluda9 6.7-7.0 lauansinamsadfdunl ASV veanugwe (nv7s,
ASV=6.7) Wugusl (Meun3u , ASV=6.7) hasiugiiviinenued 105 G'deLfluﬁ’uﬁ:mnﬁlaauqmmﬁuﬁﬁqﬂﬁw
(ASV=17.0) ﬁd%’iﬁnﬁub‘f/m&Jﬁ’uﬁ:ﬁ&ﬂénﬁqmmﬁLLﬂnqﬂﬁ’W uALANFAINISERARE19lBd ARy (p<0.05) AU
ANsaaefvesNandluansavaten19wee IR57514 (ASV=2.7) G’deLﬂu%waﬁuﬁ:miwaauﬁﬁqmwgﬁLL‘deqﬂ
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g A1 ASV danuduiusivgamginbiuddnnateduee deadinanaimisaiunldlunisussiu

]

srovnalunsiuinld eedniifgamgfiutand wu amnenuzd 105 Suwuigamgdiviiliudein
Wasuduaaduldgumaising 69 esauasadea deasduiusussognailddmsuyednlian Jssun
12-17 wnit dhudniifigamgiudegngs Fdlunisinuadad 14 1R57514 Sudumeriusudveaveniiu u
ftugnsaaouiifigamaiutiangs wuih gaumgfifihliutednnves IR57514 wWisubuaaiusoddnungd
1 75 ssreadea Taagldnatlunisyaduninndn 24 unit (Department of Agriculture, 2004) Gawa
nsUszilugugiudegnuestiaeiuguiulssiinanlinaaenadesiunisnsiaaeudu Ssiia-TT lagld

\A3DIVINY SNP2340-41 (Figure 1C)

IR57514

Hom Warin KDLM105

AsV=1.0

1) UBN14008-811-1

Figure 2 Assessment of alkali digestion and spreading in rice seeds of seven improve rice lines
resistance to blast and tolerance to submergence (number 1-7), female parent (HomWarin), male
parent (RD75), KDML105 (positive check variety) and IR57514 (negative check variety) using 1.7% KOH

solution

Snwazgumgiudaandignaiunuiiedu Ssia-TT fiumiseguulastuley 6 i daasiz
vauley soluble starch synthase Il a (5Slla) (Bao et al., 2006; Kate-ngam et al., 2008; Siangliw et al.,
2000; Tian et al., 2005) flunumddasienssurunsdauaseiorlilamafiu nsunuiivesiindlelndain
GC lilu TT (dinucleotide SNP) fisuvia 2340-41 Tu exon 8 dswavilviAansiasuldasmesnsnogiilu
91n397u (leucine) ludnfifigamgiutgnuiunarsiisgs TuiduRldaszariu (phenylalanine) Tutadl
oaumgiiutiand Inedniidenmgiiutisgnin (Leada SSiia-T7) azdutusiuszeznaniiliudedingnliis
n1tgumngiudanyuiunaid-ge (Weada SSia-GO) ANAIUWANFINAINGT Kate-ngam et al. (2008) 1
Warua3omang SNP2340-41 tieldlunmsAnmudnvaramgiudgnuednls iadesvng SNP2340-41
Tilunsusuugaiuginlitigumgiiutsgniiegiainirsanduyssmalng (Kate-ngam et al, 2011; Oo et
al,, 2015; Win et al, 2013; Yi et al,, 2009) @oAAdeaiy Jin et al. (2010) Femreumsiamnaoiugdn
Tiildnvuggamgiutegnatuazusnaeylulaasn ngldin3osune SSia-TT wazin3osvung Waxy 1
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audeiv Ingthludadonludssvnsgnuaunduseninad1iiug 11328 (Wugsu) uaziiug Yixiang B (Wugly)
ﬁwﬁuﬁcimmiﬁ’mLﬁaﬂuﬁmiwﬁammwmmdé}'ﬂm?%msmqmﬁ WU T1aeRugUsuuse BC,F, 7
dnidenlifgumgiiutaansdlaeien pasting temperature aglurag 71.7-73.9 ssriwaldea uaziiviinaes
lulaaradenaud 14.4-15.5 wWosidud wwdsatudn Yixiang B ﬁﬁﬁﬂwmzaﬂﬂaaﬁwLLazqmmﬁLLﬂqqﬂﬁw
wenmflenndnvazUsunneslulaguazgamgdulgnuen mwm&huﬁqqﬂLﬂuﬁﬂwﬁné’ﬂwmz
ddildUssiiuamnwaafive s fusidnvardinanaedilifinniiedemnefduemnlddaden
win1smwaeiugtalilaun i ssdunuithussasindndusesdinisssfiudnvaganuasdndegn
el dudeyaUsmeriusdniifmeiauntungs nnamsussiiudneageunsiutantagldan
sragnen1sivavesudean wuin ﬁzst‘vmmsvl;maLu’]dqﬂsum%’nmaﬁ’uﬁ:ﬂ%’uﬂqqﬁmwm‘[sﬂiuﬂuawuﬂgﬂ
yiaudundua 7 aewus fauduutsdoud 91.33 fadiuns (UBN14008-936-2) fis 120,67 dadiuns
(UBN14008-928-2) (Table 2) Fsdnaglunguidafufuiuguyl (esn3u , 104.67 fadiuns) Wiugvie (n75,
109.33 fiaduns) Lazu1Inenuzd 105 (65.67 Jadlung) G'ﬁﬁLﬂuﬁ’uiﬁﬁmmmﬁaLLquqﬂa'a‘u Tneilszezns
Inaveauwdsgnuinnin 60 dadiuns (Graham, 2002; Naivikul, 2007) feugaziinnuunnaanisadifegiad
WedAyAmu (p>0.05) (Table 2) @au IR57514 %QSL%’L{]uﬁuﬁ:mi’Jﬁ]aaUﬂ?’]ﬁJﬂﬁ(;f’JLLﬂdE‘jﬂu:NU’mﬂa’N WUl
sragn1ensivandeaniniu 57.33 adwns Fawmnsnsnadfegefiduddniusssznianisivaresdnn
aneiuguTuU e W 7 aeug dnwaizanunsiutsgnidudnuidnuugifianuddysenanimansedy
YeatgnAuANMIedunan Waxy vulaslulay 6 uagdusesuulaslulay 1, 2, 7 (Lanceras et al., 2000;
Tian et al.,, 2005; Zhang et al., 2012) 41271 UTsaezluladlndifAvsiunuinaginauninnnssudsenu
(eating quality) WANANAY V]gﬁﬁll,ﬁuwﬁu”l’ﬁ]’mﬂ?’mLLG]ﬂG]INSUENﬂT]MﬂQI;]J’JLLﬂQ?jﬂLLa%qm%qﬁLLﬂﬁﬁﬂﬁJa\i%}ﬂ
WugAanan? Q’U%Iﬂﬂdauimjﬁw%’uﬂiwm%’nﬁﬁmmmﬁaLLﬁﬁZjﬂa'au (soft gel consistency) faE19LU
Frwmnenuzd 105 uay nvl5 faju Bu Waxy uenanaviiunumdrdsednuarUsinmeylulaaudadd
unumsiadnwazAuAaLdiandnalg Bao et al. (2006) F1891uAINNsunuiivesiiandlelndd exon
10 908U Waxy 910 C Wiy T dewaliinnisiasuwdamweansnesfiluaindsu (serine) ludididiniuns
Aaudsanudalyidulnsdu (proline) dwalvitnfiauasiaudsanseu wenntuddisvinavesdu Ssiia 7
muAudnuurumgiudegnidanieidesdngae (Waters et al, 2006) daguinufudssiugindilug)
voslngliimuddnyrednvazuiinaes ulaanuasmnuasiudgnssuiieusuunuammssulsemy
WAZN199AY (eating and cooking qualities) vestiuglralvisidnwariumileindieviinenued 105
nMmsUssfiunureNLaz A TN IITesT AU SRl saluduag iy
FUWU WU TnaneiuguTuuTe W7 aewug waafindunen fuTinuerlilaad wargamniudagne
wuieaiudiuanenued 105 Wuduil (Meu313w) uaziugwe (N75) nan1sAnwiianauandliiiug
Uselemivasnisiadeaung Aromarker Waxy was SNP2340-41 fisiwnzduiu badh2 Wi was SSlia-TT
ulfidunieslothonmaaeuiumunudnvazaiuvey Yiinueslilaam uazgamgiudsgni audiiy
Iuaﬂ&Jﬁuﬁ:U%’UUqné’mmuimiuﬁuawmfwhué’uwﬁu w3pamueiiduledina1ndadundemuneia
AudunzAuBumuandnyzIMINg (gene specific markers) ansnsadadoniiduvisvesBuldlagnss
Lifisnsnavesanimuindeudunietes ﬁqﬂguﬁdﬁﬂmut,muﬁi’qu nstas omuns s weun iy
Lﬂ?aﬁﬁaﬂiwaﬂmu§mﬁ’mmw'%miaaﬁmﬁaﬂmuﬁmiwsiuizazmmL.Lazamﬁiﬂ%'ﬁhﬂiumsﬁ’@umawﬁuﬁ:
4la LﬁmmﬂmﬁﬁmLﬁaﬂé’ﬂwmzéﬁﬂdnéfmsaiﬁ%’nqml,riLﬁ“uLﬁ'mLLa”ﬁaﬁwmﬂizLﬁuﬂmmwmﬁm(ﬁ]’mm
Bsuszfiudnwazaneeg dedildnanuthaiu msusuussiuginlifinmmenuasaunwnissdulagly
38n15USuUTIRUSLUULIATEIY (conventional breeding) sldszeyinaunnuluisingt 8-10 ¥ sauifaide
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AldIrglunisauaduninaenaign1sasyiulen annansalresdnearAuvenggnmuaANm sy Tu
nsusuUeiugdalilianuvenlagldnisusuugmuuraunduiiu lunnseuresniswaundudnidusieadinig

NANALDUND AT UA DHLANISNWULAINE1IDDNNT F99LARLABNANTUEANUNBULS VUEANSITATDININER

= &

Buieredaidonansodaidoniunumen (badh2) Suduudesldossiussansnmadausdudnieny
Wiee 2-3 dUat Llvhanedudnn waeiiddyansadadendnuazitnuneldvatsdnuaenion 9 M
(Kate-ngam, 2014) ﬁqﬁumﬂ%m%wmaaLﬁuLaﬁﬁL%mﬁwmwiumiﬂ%’uﬂgqﬁuﬁ}ﬁ'ﬂﬂﬁﬁmwwauLLas
AMAINNTIRNAL T UsEas YR US InALAZ RRAI YN TTH S?J"naﬂﬂﬁuiﬂ%’Uﬂiﬁné’fmmﬂmluﬁuawuﬁﬂ
vhudundudifinsBudiudnvazanuves Yinaeglulaad anunsiulsansou uazgamniudandi a
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Frawmdleaimue 37 farsddgununedidusslev) hvannoiaaineson Fudsnsndensalunszinnzennns
Prwmsvudsuvenszudlaiin vzaonsdenveasadinanie uazdudamaiasyivlaveasadunieen Yaquudsly
fsenumamsdeadededrimisamme 37 Lﬁamﬂ&naﬁuiLLasﬂ%’UU;qﬁuﬁ:uwdau ﬁ’qﬂ?ﬁmqﬂﬁsadﬁmaw’m%’a
lupsiffofiofnunisnevaussiontsionvesadaud nsadresenTiuanmsimzidssarssendmileimae 37
TunannAaoIuLeINT oil palm culture medium (OPCM) SI’JiJﬁ’Uﬁ’ISﬂ’JUﬂ}Jﬂ?iL%%@L@UIG\IuBWWWSLMaQ LagN1T
auuIasAuUgn 91nN3ANYY WUl MssenvesRundTiuginial 1 dav wiefiguhuunisien 3 wuude sengen
pE1uiEn sonTNeEhuiie uavtenTEaALAYTIN (senmuUnf) Sasin1swentaesau 85.5 Wesdud ndumemdadu
1387 7 Tu d1msuni1saseeansin wuan mﬁa’mL§8aﬂmaaamiummsmmqm OPCM i3 NAA it 0.5 un/a
Sauffu BA Wty 1.5 un/a Wswausenade gegn 7.6 sen uaninsnaadududug ineasvediefidoddry
(p<0.05) dw§uniseyuiasentgn ngusenTmisnluemaAn NAA 1dut 0.5 un/a THsnnsendingsaands
yUIAAIALYgN 100 Wesdud MnuamsAnvanasnthessanusiildududoyatugudmiunmeeiug Usuugs
Wuduazaysnviugnssuvestamiedmue 37 luewiaasiely
Fdndey: Tramdleadivie 37 asmuaunisaiyiiule mMssenveandn MsifinUiinaenTN MseyUIAAIALYgN

Abstract

Niaw Dam Mo 37 rice has many important benefits, such as reducing cholesterol, inhibiting gastric acid
secretion, helping blood circulation, slowing down the degeneration of body cells, and inhibiting the growth of
lung cancer cells. In the present, no authors have reported on tissue culture for the propagation and
improvement of Niaw Dam Mo 37. Thus, this study aimed to investigate the germination of mature seeds,
multiple shoot formation from culturing shoot tip in liquid oil palm culture medium (OPCM) with plant growth
regulators and acclimatization of complete plantlets to field conditions. The results revealed that seed
germination in 1 week could be divided into 3 types: shoot alone, root alone, and both shoot and root. Total
germination after 7 days of cultures was 85.5 percent. For multiple shoot formation, the results showed that
shoot tip culture in liquid OPCM medium supplemented with 0.5 mg/L NAA and 1.5 mg/L BA gave the highest
number of shoots at 7.6 shoots, significantly different (p<0.05) from other treatments. For acclimatization,
plantlets cultured on medium with 0.5 mg/L NAA had the highest survival rate at 100 percent. The investigation’s
findings can be used to provide fundamental knowledge for propagation, breeding and plant genetic
conservation of Niaw Dam Mo 37 rice in the future.

Keywords: Niaw Dam Mo 37 rice, plant growth regulators, seed germination, multiple shoots, acclimatization
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Figure 1 Germination percentage of different germination characteristics of Niaw Dam Mo 37 seeds on OPCM

medium for 7 days
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inlegianz BA 1udu 1.5 un/a aeuiuldan BA mmLsuwuuawummmiwi’m dumaneidedue iy NAA
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Figure 2 Effect of various concentrations of BA with 0.5 mg/L NAA containing liquid OPCM medium on multiple

shoot formation for 4 weeks and survival rate after acclimatization to field conditions of Niaw Dam Mo 37 Rice

Figure 3 Acclimatization of seedlings Niaw Dam Mo 37 before transfer to field conditions
A: multiple shoots in liquid OPCM for 4 weeks B: soaking in tap water for one day

C: adding soil mixture and wrapping with a transparent plastic bag D: maintaining in a controlled chamber
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Effect of Jerusalem Artichoke Powder Supplemented in Striped Catfish Larvae
(Pangasianodon hypophthalmus) Diet on Growth Performance, Digestive Enzyme
Activities, Plasma Biochemical Parameters and Histopathology of Liver and Intestine
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mﬁ%’m%&ﬁﬁi’mqﬂwawﬁﬁaﬁmznwaﬁuaamiLa’%umLm'umgﬁ’uiummﬁﬂmmw?&léau 18I NUNUNITNAAD
LLUUE‘jﬁJﬁNUﬂ‘iﬂj Usznaune 5 YANTNAADY ¢ B 3 62}5'1 Ao oIsLETUNALAUAZIU 0% (JAO; ﬂfjiuﬂ’JUﬂﬁJ), 0.5% (JAO.5),
1.0% (JA1.0), 1.5% (JAL.5) tlaz 2.0% (JA2.0) naseslulatanouininiads 4.24:0.10 ndusesa Wusveziia 8
FUavi nud dananneitlesuemisiasunsuiuns Sudnsasquavle wazUszaniaimnisldormsganitvanluye
Ay tngdananedlsdiueims JA2.0 fhiwdniade dvdniliudu 51MﬁﬂﬁLﬁu§uﬁiai’uqdﬁqm wazdlAIENIINTT
Lﬂ?%&liA@ﬂﬂﬁiLﬂuLﬁaﬁﬂﬁqm (p<0.05) luwauziinnyanisnaassdisnsinssenneliineiy (0>0.05) Faflrrseming 94.27-
98.10 Wadldud msfnwdduailuden wui vananeildiuons JA2.0 fenlusiu uasdylulnayauludsugeiian
(p<0.05) nitsUaraneiildSuomsiasunuiuny fuflidfanssueuluigosemslusuuaaild 49N119AAIUAY
(p<0.05) N13ANwIganeIsIne1veIRURazaILd WUl mna’%umLLriumd“uszizimam”mawiamiLU?{auLLUadﬁ;awmﬁ
Ine1vesiu uardsuasuuindeqaneBineludld Tasvananedilasueims JALS wag JA2.0 fmwenvesialaly
dldgefian (p<0.05) uazUananedilédiuems JALO uay JA2.0 fanuninsvesialagefian (p<0.05) nsAnuadail
FAuinsaSunnuns T 2% aansonszdumseiaduln stuugiiduiusazyseansninnisldonmsgsiian uay
duasunmsvhauveseulslgesemsle
AdnAy: unuayiu wiluledin emnsuan Yanane

Abstract

The objectives of the present study were to investigate the effects of Jerusalem artichoke powder
supplemented in striped catfish larvae (Pangasianodon hypophthalmus) diet. The experiment was conducted
as a completely randomized design with five treatments and three replicates: 0% (JAO; control diet), 0.5%
(JA0.5), 1.0% (JA1.0), 1.5% (JA1.5) and 2.0% (JA2.0) of Jerusalem artichoke powder supplementation. Striped
catfish (initial mean body weight = 4.24+0.10 g¢/fish) were fed experimental diet for 8 weeks. The results found
that fish fed Jerusalem artichoke powder showed higher growth performance and feed utilization than control
group. Moreover, fish fed JA2.0 showed the highest final weight, weight gain, average daily growth as well as
lowest feed conversion ratio (p<0.05). However, survival rate showed no significant difference with all treatment
groups with the value between 94.27 to 98.10%. Concerning plasma biochemical parameters, fish fed JA2.0
displayed the highest total protein and total Immunoglobulin (p<0.05). In addition, the fish fed Jerusalem
artichoke powder showed higher digestive enzyme activities than control group (p<0.05). Liver and intestinal

histopathology were investigated. The results showed that Jerusalem artichoke had no negative effect on liver
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histopathology. In addition, intestinal histopathology showed that fish fed JA1.5 and JA2.0 had the highest villi
height (p<0.05) whereas fish that received JA1.0 and JA2.0 exhibited the highest villi width (p<0.05). This study
indicates that supplementation with 2% Jerusalem artichoke powder is an optimal level to stimulate growth,
enhance immune function, improve feed efficiency, and promote digestive enzyme activity.

Keywords: Jerusalem artichoke, prebiotic, fish feed, striped catfish

AU

wAUREIY (Jerusalem artichoke, Helianthus tuberosus) Lﬁubl.ﬁayumﬂdulﬁmaﬂiumisqamumfu Tl
A (tuber) AaneTawazan dauiivesunungiulszneulusie 8ydu (nulin) Ussuas 14-20 Wesidus wag Fructo-
oligosaccharide (FOS) 3-6 1Uasidus (Tanjor et al., 2012) %qaqﬁﬂizﬂauﬁnaandauﬁyﬁqmawﬂ’ﬁLf’luawsw'ﬂu‘laﬁﬂ
(Prebiotic) flgligndeslnsieulmilumafuemsvesyuduazdni udazgndeslnegdunisitussloviludild wu
Bifidobacteria Way Lactobacillus tHusfu asngunilulefndsdeiduemsvesqauviduiaaludld iWunisifiudiuou
vosqduvidviafuarandiuiuqdunisviiailifviogaunidnelseluniaiueimns (Pathogenic organism) Waznszeu
sruugfiduduliusnenielddnde (Spiller, 2001) lumsnzdssdnibldiaaaiuazeujiusanlfosunsuas
dioannisfnidelsn muauuuuaiiGetelsalussuumsiaes uarduasunuafideiiisslovilussuunaiue s
uimsldansiefuareuffurluomnsdnidmmaliiAnasandrsdadudunsesoduilon Snviadelfifunaiuuds
demalfiinonsiesuasandndludsuandon N5EsuingAUeIMTINGITTUYIR (WU wnung iy Fudumadenwiluiie
Tduasnasimslulofnluommsdnithuueuiiue iWeswnaunsoanswiuadunidnelsretrediussansnm uay
denafdoguninvesdnd Tnglétinsnaasaasuansnilulenludniivannvaneviin 1wy nsiasuduyduluamisuan
Atlantic salmon (Salmo salar) (Refstie et al., 2006), Ua1 Rainbow Trout (Oncorhynchus mykiss) (Hunt et al.,
2019), Yan hybrid surubins (Pseudoplatystoma sp.) (Mourino et al., 2012), great sturgeon (Huso huso) (Ahmdifar
et al,, 2011), Ua1da (Oreochromis niloticus) (Ilbrahem et al., 2010; Zhou et al., 2020), Ua1 silthead seabream
(Sparus aurata L.) (Cerezuela et al., 2012), Carp (Cyprinus carpio) (Mousavi et al., 2016) wazn1siasunilulafin
galactooligosaccharide (GOS), mannanoligosaccharide (MOS) way B-glucan Tus1n1sUanaine (Pangasianodon
hypophthalmus) (Sutriana et al., 2021), n1stasunaunziulusimisianila (Tiengtam et al,, 2015), A15LATULAY
Myiu way Lactobacillus plantarum Tue mn15Uan Pangasius bocourti FawuinisiasuununsTuusuan 5 o/ke
2 10° cfu/g v84 L. plantarum Wuviinaimnzauiigalunisdsaiunisieaivlavesuan (Van Doan et al,
2015) sraisslinusenunmsiasuuduny fuluomsanane feseu

Uaa11e (Striped catfish, Pangasianodon hypophthalmus) LﬁuﬂaﬂﬂfﬁmmmimﬁawuLﬁuagjfﬁlﬂﬂslu
Usanalne Teudswidlulsusznszdaiosmnmanasigiviniiiienusumnudelsags wasnudenisudoundas
vosgaunnilé Uananefimnuddregnamnssuulssundnsusidouaudutuds (fozen fillet) iosanitlovan
fidvdui douvesmarauaziiaudeanisgeiueesdanies lud e 2020 dnandavaransarnialansiuiu
2,520,400 s Aoy 5.1 Wasidud nnandadnithainnswiziEssialan (Food and Agriculture Organization of
the United Nations, 2022) lutsvinealnefinandataiaeainnsiniziaes 9,600 fu wie 2.1 Wesidudvemandn’
13 A9NNTNNELE 89 ﬁmﬂuaﬂaﬂ'w 276.65 a1UUM (Department of Fisheries, 2022) Fefun1sfnwiadad sadl
*J”mqﬂizaqﬁl.ﬁaﬁﬂmwammmﬁm?mmLLdumsi’uiuQWMWiﬂaﬂaawEJ’E’EJa'au noUsgdninmnisasyiivle teulwides
9113 Fuedluion wazganedivevessiunasald Woduumslumsitmunsdesaaneseld
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A5n1sAnw

NN UNITNAADY

mqLLmumimaaquuamaa@ (Completely randomized design) LLuwwmmaamUu 5 YANNaDI
wiazyANaaedl 3 1 Ao M3iasananesise s IR uny Iy 0 Weidus (A0.0, NQNATUAL), 0.5
Wasigua (JA0.5), 1.0 lWasidus UAL.0), 1.5 wWasidum JAL5) uay 2.0 wWasidus JA2.0)
ASLASYULAUASTULAZDINISNAADY

wnuaguaneiug 50-4 nulamnass Auzinuasmansuazmalulad wnwmamm‘[u‘laasw
WIAADEU ammwmaium WEsmNEzen wenezdutulTiaunn 3-5 faduns ‘wmmﬂuu
u'ﬂﬂam‘waamﬂimmmwmumama‘uamaumazwmm 65 sarwaidua Wuan 48 9alus nSeaunseiiadl
mmsnuimﬂu 10 Wesidus dhununazidenuay iaumumuLmidiaﬂwmmmaumﬂimLﬂu 500 lulAsiuns
mﬂummi%‘wamﬂizﬂaumaLﬂmaqmLmumuau (Association of Official Analytical Chemists, 2005) Adu@n<ly
Table 1

Table 1 Chemical composition of Jerusalem artichoke powder (% dry weight basis)

Chemical composition % dry weight basis
Crude protein 3.11
Crude fat 1.25
Crude fiber 3.78
Ash 1.05
Moisture 9.28

Values by calculation
Nitrogen free extracts® (%) 81.53
Digestible energy” (kcal/100g) 315.97

*Nitrogen-free extract = 100 - (%moisture + %crude protein + %crude lipid + %crude fiber + %ash)
® Digestible energy (Kcal/100g) = (%protein x 3.5) + (%fat x 8.0) + (%NFEX2.5)

PONLUUEATOIMINARBIT NI 5 gas stvmuiﬂsmuiua'lmﬂﬂaLﬂ‘aaﬂu I‘Uimu 32 Wesigun) lng
TngAvemsdnivsenausig Yaily, nndamass, Shatmingiy, Sudlsnds, Plw, umu‘wsu laumalou
Woaile, Indukasussniing, Infug uanaununz mmamumma%aam Farhaidn UATHANRIUAY
mvaummmmsmaaqmLLamﬂu Table 2 mﬂuumaummaqummmuuavamﬁuuiﬂmmiﬂmLmaaauwmﬂ 2-
3 faaLuns a‘uLL‘mme‘mimsmauamaua}uﬂivmmmimmﬂmﬂmLﬂu 10 Wesidud Mnthuhewnsnaaes
UILATIEYDIAUTENOUNNUATYD981M5NAADY (Association of Official Analytical Chemists, 2005) fananglu
Table 2 uaziivemsnaasdlugiladadaiteltlunsmaaoswsioly
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Table 2 Formulation and chemical composition of the experimental diets

Experimental diets

Raw material (%)

JA0.0 JAO.5 JA1.0 JA1.5 JA2.0
Fish meal 20 20 20 20 20
Soybean meal 38 38 38 38 38
Corn meal 10 10 10 10 10
Rice bran 16 16 16 16 16
Cassava 10 9.5 9 8.5 8
Jerusalem artichoke powder 0 0.5 1 1.5 2
Soya oil 3 3 3 3 3
Vitamin C 1 1 1 1 1
Di-calcium phosphate 1 1 1 1 1
Vitamin-mineral premixed® 1 1 1 1 1

Chemical composition by proximate analysis (% dry weight basis)

Crude protein 32.08 32.22 32.72 32.04 32.45
Crude fat 4.49 4.58 4.62 4.58 4.60
Crude fiber 5.74 5.63 5.61 5.70 5.57
Ash 8.96 9.03 9.12 8.73 8.85
Moisture 9.65 9.12 9.22 9.46 9.53
Values by calculation

Nitrogen free extracts” (%) 39.08 39.42 38.71 39.49 39.00

Digestible energy® (kcal/100g) 246.35 258.42 248.72 247.97 248.34

% Vitamin premix provided per kg of diet: VA 12,000,000 1U; VD 2,000,000 IU; VE 6000 IU; VK 2000 mg; VB1 800
mg; VB2 2500 mg; VB6 800 mg; VB12 10 mg. Mineral provided per kg of diet: Mn 18 mg; Mg 200 mg; Co 0.1 mg;
1'0.25 mg; Fe 140 mg; Cu 2.5 mg; Zn 65 mg; Se 0.2 mg.

b Nitrogen-free extract = 100 - (moisture + crude protein + crude lipid + crude fiber + ash)

“ Digestible energy (Kcal/100g) = (%protein x 3.5) + (%fat x 8.0) + (%NFE x 2.5)
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Table 3 Growth performance, feed utilization and carcass composition of striped catfish fed diet supplemented

Jerusalem artichoke for 8 weeks

Experimental diets

Performance P-Value
JA0.0 JAO.5 JAL.0 JAL5 JA2.0

Initial weight (g/fish) 4.07+0.06  4.30+0.10  4.33+0.15  4.30+0.10  4.20+0.10  0.064
Final weight (g/fish) 17.63+0.21°  17.57+0.31° 18.93+0.35° 19.23+0.31° 23.23+0.38° <0.001
ADG (g/fish/day) 0.24+0.00°  0.24+0.00°  0.26+0.01°  0.27+0.01°  0.34+0.01°  <0.001
WG (g/fish) 13.57+0.23° 13.27+0.21° 14.60+0.35° 14.93+0.38° 19.03+0.31°  <0.001
SGR (%/day) 2.62+0.04°  252+0.01° 2.63+0.06°  2.67+0.06°  3.05+0.02°  <0.001
FCR 3.93+0.13°  4.10+0.14°  3.70+0.09°  3.72+0.13°  2.97+0.03*  <0.001
SR (%) 94.27+2.85 98.10£3.29 96.17+1.62 97.13+2.85 96.17+1.62  0.481
HSI (%) 2.43+027°  2.69+0.21°  2.41+0.18  2.85+0.46® 3.29+0.20°  0.019
VSI (%) 6.55+0.73%  7.19+0.50°°  8.39+0.35°  7.69+0.61° 7.92+0.12°°  0.012

mean + SD in each row superscripted with different lowercase letters are significant (p<0.05) differences.
ADG =Average daily growth, WG = Weight gain, SGR = Specific growth rate, FCR = Feed conversion ratio, SR=
Survival rate, HIS = Hepatosomatic index, VSI = Visceral somatic index, JA0.O = Diet with 0% supplemented
Jerusalem artichoke powder, JA0.5= Diet with 0.5% supplemented Jerusalem artichoke powder, JA1.0 = Diet
with 1.0% supplemented Jerusalem artichoke powder, JA1.5 = Diet with 1.5% supplemented Jerusalem

artichoke powder, JA2.0 = Diet with 2.0% supplemented Jerusalem artichoke powder.
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Table 4 Total Protein and immunoglobulin of striped catfish fed diet supplemented Jerusalem artichoke 8

weeks
Experimental diets
Performance P-Value
JA0.0 JAO0.5 JA1.0 JA1.5 JA2.0
Total Protein (g/dl) 0.63+0.01° 0.68+0.01° 0.75+0.01° 0.79+0.01% 0.83+0.01°  <0.001

Total Immunoglobulin (¢/dl)  0.33+0.01° 0.37+0.02° 0.45+0.00° 0.49+0.02° 0.50+0.00°  <0.001

mean = SD in each row superscripted with different lowercase letters are significant (p<0.05) differences.
JA0.0 = Diet with 0% supplemented Jerusalem artichoke powder, JA0.5= Diet with 0.5% supplemented
Jerusalem artichoke powder, JA1.0 = Diet with 1.0% supplemented Jerusalem artichoke powder, JA1.5 = Diet
with 1.5% supplemented Jerusalem artichoke powder, JA2.0 = Diet with 2.0% supplemented Jerusalem

artichoke powder.

Table 5 Digestive Enzyme activities of striped catfish fed diet supplemented Jerusalem artichoke 8 weeks

Enzyme

Experimental diets
activities P-value
(U/mgProtein) JA0.0 JA0.5 JAL.0 JAL5 JA2.0
Liver
Protease 0.034+0.01°  0.225+0.05°  0.203+0.05°  0.282+0.02°  0.278+0.06°  <0.001
Amylase 0.123+0.02°  0.216x0.01°  0.219+0.02°  0.238+0.01°  0.284+0.01°  <0.001
Lipase 337.93+12.41° 404.07+17.88° 551.67+46.67° 635.70+32.35° 635.70£61.22° <0.001
Intestine
Protease 0.363+0.01°  0.440+0.11°°  0.533x0.01°  0.467+0.01°  0.451+0.01*  0.029
Amylase 0.243+0.01°  0.300+0.01¢  0.254+0.02°  0.277+0.02°  0.193+0.01*  <0.001
Lipase 468.13+44.44°  652.13+46.09° 660.80+99.88° 722.53+42.84° 810.17+14.20° <0.001

mean + SD in each row superscripted with different lowercase letters are significant (p< 0.05) differences.
JA0.0 = Diet with 0% supplemented Jerusalem artichoke powder, JAO.5= Diet with 0.5% supplemented
Jerusalem artichoke powder, JA1.0 = Diet with 1.0% supplemented Jerusalem artichoke powder, JA1.5 = Diet
with 1.5% supplemented Jerusalem artichoke powder, JA2.0 = Diet with 2.0% supplemented Jerusalem

artichoke powder.
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Table 6 Intestinal histopathology of striped catfish fed diet supplemented Jerusalem artichoke 8 weeks

Intestinal Experimental diets
micromorphology P-value
JA0.0 JA0.5 JAL.0 JALS JA2.0
(pm)
Villi height 1802.4+248.2° 1845.0+195.6° 2521.0+207.8° 3188.4+151.6° 2880.1+78.8° <0.001
Villi width 522.9+37.4°  497.6+37.0°  686.4+108.4°  618.8+27.5°  7252+60.8°  0.004

mean + SD in each row superscripted with different lowercase letters are significant (p< 0.05) differences.
JA0.0 = Diet with 0% supplemented Jerusalem artichoke powder, JAO.5= Diet with 0.5% supplemented
Jerusalem artichoke powder, JA1.0 = Diet with 1.0% supplemented Jerusalem artichoke powder, JA1.5 = Diet
with 1.5% supplemented Jerusalem artichoke powder, JA2.0 = Diet with 2.0% supplemented Jerusalem

artichoke powder.

Figure 1 Histopathological changes in liver of striped catfish fed diet supplemented Jerusalem artichoke
(100x). JAO.0 = Diet with 0% supplemented Jerusalem artichoke powder, JAQ.5= Diet with 0.5% supplemented
Jerusalem artichoke powder, JA1.0 = Diet with 1.0% supplemented Jerusalem artichoke powder, JA1.5 = Diet
with 1.5% supplemented Jerusalem artichoke powder, JA2.0 = Diet with 2.0% supplemented Jerusalem

artichoke powder.
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Figure 2 Histopathological changes in Intestine of striped catfish fed diet supplemented Jerusalem artichoke
(100x). JA0.0 = Diet with 0% supplemented Jerusalem artichoke powder, JAQ.5= Diet with 0.5% supplemented
Jerusalem artichoke powder, JA1.0 = Diet with 1.0% supplemented Jerusalem artichoke powder, JA1.5 = Diet
with 1.5% supplemented Jerusalem artichoke powder, JA2.0 = Diet with 2.0% supplemented Jerusalem

artichoke powder.
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Abstract

Endophytic actinomycetes are utilized as potential sources of novel natural products for
exploitation in weed management. The present study aimed to investigate the allelopathic effects of
endophytic actinomycetes extracts on germination and growth of test plants. Leaf and roots sample of
tangerine tree in Fang District, Chiang Mai Province were randomly collected and isolated into seven isolates
for the experiment. It was found that endophytic actinomycetes crude extract from isolate TGsR-01-004,
TGsR-01-005, TGsR-02-017, TGsR-02-018, TGsL-02-004, TGsL-04-028, and TGclL-04-053 reduced the
germination rate, shoot length and root length, as well as the fresh weight and dry weight of Lactuca sativa
seedlings compared to the control group in a statistically significant manner. In addition, the TGsL-04-028
extracts of supernatant part with increasing concentration exhibited a more pronounced inhibitory effect
on L. sativa germination and growth than cell extracts from the same isolate. However, the extracts from
endophytic actinomycetes had significantly inhibited germination and growth of L. sativa and Bidens pilosa
depending on isolate and test plant species. Our results suggest that endophytic actinomycete had an
allelopathic effects on plants growth and suggest a promising avenue for investigating allelochemicals that
could potentially serve as effective alternatives for the development of novel bioherbicides. Thus,
endophytic actinomycetes hold considerable promise as a source of novel natural products for weed

management strategies.
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Figure 1 Colony characteristics of endophytic actinomycetes TGsR-01-005 (A), TGsL-04-028 (B), and TGsR-
02-017 (Q).
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2021)
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Table 1 Effects of endophytic actinomycete crude extracts on germination and growth of Lactuca sativa

Lactuca sativa

Treatment Germination  Shoot length  Root length  Fresh weight Dry weight
(%) (cm) (cm) (g/plant) (g/plant)
Control 100.00 a* 113 a 0.53 a 0.0845 a 0.0051 a
TGsR-02-018 7741 c 0.13 ¢ 0.09 c 0.0180 d 0.0027 de
TGsL-02-004 58.06 d 0.33 bc 0.18 bc 0.0362 ¢ 0.0036 bc
TGsR-02-017 16.12 f 0.59b 0.25b 0.0526 b 0.0024 e
TGsR-01-005 3225 e 0.08 c 0.04 c 0.0120 d 0.0017 f
TGclL-04-053 58.06 d 0.10 c 0.06 c 0.0671 b 0.0024 e
TGsL-04-028 3225e 0.19 c 0.09 c 0.0257 cd 0.0040 b
TGsR-01-004 80.00 b 0.19 c 0.08 c 0.0211 cd 0.0031 cd
F-tost *x *x > *x *x
LSD 7.33 0.27 0.15 0.0152 0.0005

®Values are given as mean and different letters indicate significant difference at **P < 0.01, according to LSD

test.
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Table 2 Effects of interaction between extract parts (£) and concentrations (C) of TGsL-04-028 extracts on

germination and growth of Lactuca sativa

Lactuca sativa

Treatment Germination Shoot length Root length Fresh weight Dry weight
(%) (cm) (cm) (g/plant) (g/plant)
El1:C1 100.00 a° 235a 1.33a 0.0856 a 0.0028 a
E1:C2 46.20 b 1.64 a 117 a 0.0226 b 0.0009 b
E1:C3 30.80 ¢ 0.50 b 0.29 b 0.0157 ¢ 0.0014 b
E2:(C1 100.00 a 231a 131a 0.0856 a 0.0028 a
E2:C2 15.40d 0.13 b 0.06 b 0.0120 c 0.0006 bc
E2:C3 7.70d 0.00 b 0.00 b 0.0022 d 0.00002 c
ExC *x * x * *
LSD 1.9E-13 0.86 0.59 0.0060 0.0008

®Values are given as mean and different letters indicate significant difference at *P < 0.05 and **P < 0.01,
according to LSD test. Extract parts = cell (E1) and supernatant (£2); Concentrations = 0 (C1), 0.005 (C2) and
0.01 (C3) g.mL™.

dofasanuffuiussewhasiaveslelaantusnmanududuvesasata wuih asatnideueailusy
Fnanusaglelsaniifsysuaududuiiudy fnswadudinisenuasnisiivlnvesinniavenuaziusivninen
Twnjmmﬁu Faansatnanleleian TGsL-04-028 dqwaﬁﬂﬁé’m'}mﬁaaﬂLLawfwwﬁ’mLﬁwaaﬁnmwamamaamnﬁqm
Tuvaigitansatnainlolean TGsR-02-017 a'qwaﬁﬂﬁé’m'}miqaﬂLLasﬁ"lmﬁ’ﬂLLﬁ’qsuad5u§wm13mam1m1jamammﬁqm
odnslsfiny ansafnannloleian TGsR-02-017 derarliaueniunasiminasvesianadeuiaossinanas
mmﬁqm Tuvaziiansaialelsan TGsL-04-028 a'aNaé’uégdmmmaﬁmmaqﬁﬂmmaauﬁgﬁaawﬁmmnﬁqm (Table 3
was Table 4) fwsiansanauondlutodneulaliusdaslolaiandianududu 0.02 ndusefiadans duaduds
fn5INNTeNVRIINAIAYEN WARNAIANENTIAKEERIIN159BNNINNT1 60.90 Wasidus enadumsizin nsldans
afndunynauwaduaynsietesiutuenaariinavinliusinuassadlanineaanadld Samsldanudud
1NN 0.02 nfusefiadans Fuly telkinnsdudidnsinisieniiiudy eedlsfiny ansafnuenilutodnouln
Tviusiarlolmansinrundudu 0.02 nfuseliadans dwadudidnsnmsenvesiusnvnneningléi Tnesasins
senvasfustvmneningfidesnimiowitu 53.00 wWefdud Salanudululein fushwnnenlnginmg
seunaroansatauendlusedmaulalnsiudarlelsaniinududu 0.02 nfusefadans sy TersinisAne
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Table 3 Effects of interaction between endophytic actinomycetes (En) and concentrations (C) of the extracts

on germination and growth of Lactuca sativa

Lactuca sativa

Treatment Germination Shoot length Root length  Fresh weight  Dry weight
(%) (cm) (cm) (g/plant) (g/plant)
En1:C1 100.00 a® 1.97 ¢ 1.18 a 0.0817 cd 0.0075 bc
Enl:C2 100.00 a 290 a 111 a 0.1314 b 0.0089 a
En1:(C3 90.90 d 2.41 abc 1.07 a 0.0814 cde 0.0070 cd
Enl: (4 90.90 d 2.18 bc 0.57 bc 0.0846 cd 0.0072 bcd
En2: (1 100.00 a 2.21 bc 0.96 a 0.0818 cd 0.0076 b
En2 .2 84.80 f 1.92 ¢ 0.68 b 0.0658 def 0.0074 bcd
En2 :C3 95.70 ¢ 2.65 ab 0.44 bc 0.0995 ¢ 0.0085 a
En2: (4 60.90 h 1.29d 0.16 d 0.0471 fg 0.0055 e
En3: (1 100.00 a 2.14 bc 1.21 a 0.0734 de 0.0069 d
En3:.C2 97.70 b 258 ab 0.53 bc 0.1922 a 0.0072 bcd
En3:C3 86.40 e 2.38 abc 0.32 cd 0.0566 ef 0.0077 b
En3:C4 70.50 ¢ 03le 0.32 cd 0.0312 ¢ 0.0057 e
EnxC o o * * o
LSD 7.0E-14 0.53 0.26 0.0250 0.0005

®Values are given as mean and different letters indicate significant difference at *P < 0.05 and **P < 0.01,
according to LSD test. Endophytic actinomycetes = TGsR-01-005 (En1), TGsL-04-028 (En2) and TGsR-02-017
(En3); Concentrations = 0 (C1), 0.005 (C2), 0.01 (C3) and 0.02 (C4) g.mL".
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Table 4 Effects of interaction between endophytic actinomycetes (En) and concentrations (C) of the extracts
on germination and growth of Bidens pilosa

Bidens pilosa

Treatment Germination Shoot length Root length  Fresh weight  Dry weight
(%) (cm) (cm) (g/plant) (g/plant)
En1:C1 100.00 a® 2.71 bc 1.75 a 0.0638 a 0.0061 cdef
Enl:C2 46.83 e 051e 1.81 a 0.0378 cd 0.0060 defg
En1:C3 4195 f 030 e 0.92 bc 0.0295 e 0.0057 gh
Enl: (4 37.07 ¢ 0.26 e 0.72 c 0.0259 fg 0.0063 bcd
En2: (1 100.00 a 339a 1.53 ab 0.0627 a 0.0058 fg
En2 .2 55.00 c 1.77d 0.90 bc 0.0351d 0.0068 a
En2 :C3 63.00 b 2.30 cd 0.65 ¢ 0.0373 d 0.0055 h
En2: (4 53.00 d 0.68 e 0.45 ¢ 0.0279 ef 0.0059 efg
En3: (1 100.00 a 3.00 ab 1.76 a 0.0649 a 0.0062 bcde
En3:.(C2 4195 f 0.44 e 213 a 0.0435 b 0.0063 bc
En3:(C3 37.07 ¢ 0.38 e 1.68 a 0.0407 bc 0.0064 b
En3: (4 29.27 h 0.15e 0.47 c 0.0233 ¢ 0.0050 i
EnxC o o * * o
LSD 2.02E-13 0.54 0.67 0.0031 0.0003

®Values are given as mean and different letters indicate significant difference at *P < 0.05 and **P < 0.01,
according to LSD test. Endophytic actinomycetes = TGsR-01-005 (En1), TGsL-04-028 (En2) and TGsR-02-017
(En3); Concentrations = 0 (C1), 0.005 (C2), 0.01 (C3) and 0.02 (C4) g.mL".
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Abstract

Nowadays, farmers increasingly use agricultural drones for farming. Besides, a group of mega-farm
enterprises in Suphan Buri Province has procured drones to provide services to local farmers. Therefore, this
research has three objectives: 1) to investigate the state of using drone for agriculture, 2) to examine the lessons
learned, and 3) to develop the potential of using agricultural drones employing mixed-methods research of
quantitative and qualitative. The target group of this work consisted of 57 representatives from mega-farm
enterprises. Data collection was operated using interview form, deep interview, group interview, and workshop.
There were 48 responses for the distributed interview forms. The results revealed that 8 mega-farm enterprises
obtained their agricultural drones through the support of the government. These drone services were provided
both for the members of the groun and non-members alike. Meanwhile, some farmers from the other 40 groups
used drone services from private companies within and outside the local area. The lessons learned can be
divided into seven lessons, i.e., 1) a lesson from requesting budget support to procure drones for agriculture, 2)
a lesson in determining to buy a drone for agriculture, 3) a lesson in recruiting and managing personnel's
responsibility for controlling agricultural drones, 4) a lesson on drone service for agriculture, 5) a lesson on
preparation before flying drones for agriculture, 6) a lesson on drone flying, and 7) a maintenance lesson after
flying drones. The above lessons learned can further develop the potential of a group of mega-farm enterprises
in Suphan Buri Province and other provinces.

Keywords: mega-farm enterprise, lessons learned, agricultural drone, Suphan Buri Province
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Figure 1 Agriculture drone of a mega farm enterprises in Suphan Buri Province.
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Abstract

Currently, agricultural drones are being used more widely in agriculture with increasing demand.
Therefore, drone pilots should be aware of the safety of their own lives and property, another person, and the
environment. As there are gaps from previous research on the behaviors that promote safety, the purpose of
this research is to 1) study the safety behaviors for flying Agricultural Drone, and 2) compare the safety behaviors
for flying Agricultural Drone. The sample group is 300 farmers participating in the 1 Tambon 1 Digital project
(Drone-Hearted Community). A questionnaire was used as a tool to collect information toward safety behavior,
including aviation knowledge and the use of agricultural substances, attitudes and practices regarding safety.
The data were analyzed using descriptive statistics, inferential statistics, and one-way analysis of variance. The
research results found that the sample group had most knowledge in flying safety on the matter of studying
the user manual before flying (279, 93%). As for the safety in using agriculture substances, most concern was
about the impact of the substances used on the environment (274, 91.3%). As for the attitudes towards safety,
most concern was given to the pre-fligsht knowledge, with an average value of 3.31, interpreted as a moderate
level. And in terms of safety practices, most concern is given to complying with the conditions before flying,
with an average value of 3.49, interpreted as a moderate level. The results of the research can be adapted as
measures to promote safe drone flying behaviors. Various agencies can use these findings to develop, promote,
and support Thai farmers to receive and utilize new technologies for the benefit of the agricultural sector with
safety.

Keywords: safety behaviors, agricultural drone flying, agricultural drones
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Seulasusarmsldmsitonsinunsionaasnde nsufdimungvneg suilleuuazdodediusingg veams
51UMT aumwﬂmﬂﬂwqmﬂiimaqLmﬂmmwawumamammﬂaamaluﬂWiiﬁﬁ’ImsuLwaﬂWiLﬂws vty
muﬂawmmmmammﬂmm&nﬁ‘qummsmmmwmﬂﬂwﬂumummﬂaamsf[,umiuuimu fideTeanilad
a]mmsnLWmmummmwwmawu’nwaqumﬂiiwumammﬂaamnaiuﬂﬂsuuimsumamimwmmm
neRsnsing ndlny 1asin13 1 dua 1 #3via (guvulesula) muuuifAnsesngfinssuves Bloom (1975) 34
wiangAnssueenidu 3 a1 laun A1uA1u3 (Cognitive Domain) AMuviuAR A1 (Affective Domain) W&
FumsUFTR (Psychomotor Domain) Liteazldmsmufanginssuaudasnfovesnyning lnonanisAnyised
ansaiauulidunasnsfnuninsuitiymierafnnnnginssunsiulasuvesnunsng dosased
dnasuliAanginssulunistulasuseaudasnsty wezduusslomiomhonuiinaisuazienty s
an1dunisdne dnluimunduasunas au‘uauuiwLmﬂmﬂﬂmlmuuaﬂ%LwﬂIuIaHIMMIMLﬂmﬂiuia%uma
amammmmmwmwmﬂiwL%ﬂlwamammﬂaamsawu
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nsAnyAdens esfidunisAnyidsadsUiina (Quantitative research) Tnelfuuuaeunl (Questionnaire
swsdeyannnguiegununsnsridsslasns 1fua 1 A3 Gulands) 1o 300 au stauuumsdeans
soulatuazuuunenilaglinguiesduiintayanieiies Ussneunendatomen 4 o laud 1) Teyatadenu
yAna 2) f-mmmmﬂummﬂaamsf[,umiuuimumamsmwm 3) wandtAatumUasnfelunstulnsy
Wlemsinums way 4) maﬂg‘ummmﬂummﬂaamalumauuimw,wamimwm Tnefnudeyaiosiunnonas
N9 V] WNAR NIENTIVING UNAY lasnuAuai1Ideiin el ammwuayjamlmmﬂﬂqmmamﬂmﬂ
TUsunsumsinszsidnsaguiilefuine1aia (Charoensook, 2020) Tinszideyatiadeduyana uazarmd
Weatuauvasadelunstulasuiionisinens T9adfdanssaun Desaiptive Statistics) lun $1uaunud
(Frequencies) WazA13a8aY (Percentage) Iiasianafiisiuauasasdslunistulasuiienisinuns waznns
UftRAeiumaasndslunstulasuiensinuns 1afifiBseyunuvieaifidsd1a8s (inferential Statistics)
e Aades (Mean) wagAd U TsaUUINATEIY (Standard Deviation: 5.0.) AyuANATINNATIALUUTIIAZULY
1-5 uaziUamamneAade 5 seuaniesiigaienniign dunsTeudisunginssumnnaondeluns
Tulasuitensinunsduunmauiiadssnuyana T9nsinseianuulsusIumafion (One-way ANOVA) yiadeu
AN t-test LAYAT F-test

Han1sANEILaARTTal

Uadedayaiiuynna

NEATNINANAIDE1931U3U 300 AU ddulnaidumavie S1u3u 213 A (71.0%) 01838139 51-60 T
T1UI 95 AU (31.7%) Andlawunegluniamile 91uu 98 AU (32.7%) NMIANWITEAUUSYYNT 911U 125 AU
(a1.79%) laifiuszaunsallumstulasuilensinuns S1uau 179 au (59.7%) wazlidugasounses (1i1ves) In
SUiiEN15INYAT $1U 208 AU (69.3%) (Table 1)
Jadeanufiferiuanuvasasslunmsiulasuitenisinens

Usgnausetedany 2 dw fie 1) mrwdasadelunstulasuiienisinums wuin nguieeainnmg
undigelusunouinsdulasuiiemsinuasiesdnugiientsld sunewihnstulasuiienisinunsdes
Anwianmenausasinisfusasusnalndifes uazausenineinistusesdivnugnidulunsdiiaue
mmsamﬂu‘ﬂmumamimws Lmumwmuasmasﬂumuﬂaummwu‘lmuLWamimwmmaﬂm‘umsaumm
Gumidennidvesiiuiifissinsdy 2 muaesdelumsliansiionsinems wuh naueeedinIug
:mﬂmqmiumuﬂﬁi‘uuiﬁsuLwamiLﬂwmmammmﬁmiawamanikumﬂmiﬂmwamimwwaaaLmaau
wisinnsesianlusunstulasuitensinunsdestianuslubesensiliifiensinuns (Table 2)



King Mongkut’s Agr. J. 2025 : 43 (3) : 384 — 392 387

Table 1 Percentage of personal factors

Personal factors (N = 300) Number Percent

Gender

Male 214 71.0

Female 63 21.0

Not specified 24 8.0
Age

20-30 73 24.3

31-40 53 17.7

41-50 76 25.3

51-60 95 317

Over than 60 3 1.0
Hometown

Central 76 253

Northern 98 32.7

Northeastern 73 24.3

Southern 53 17.7
Education

Primary School 7 23

Junior High School 10 3.3

Senior High School 27 9.0

Certificate / Diploma 43 14.3

Bachelor Degrees 125 41.7

Master Degrees 62 20.7

Higher than Master Degrees 26 8.7
Experience in flying agricultural drones

Yes 121 40.3

No 179 59.7
Owning agricultural drones

Yes 92 30.7

No 208 69.3
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Table 2 Number and percentage of Knowledge toward safety in flying agricultural drones

Knowledge toward safety in flying agricultural drones (N = 300) YES No
Flying agricultural drone safety

1. Does your agricultural drone need to be registered according to the 268 32
requirements of the Civil Aviation Authority of Thailand? (89.3%)  (10.7%)

2. Do the agricultural drone pilots have to apply for registration in accordance 274 26
the requirements of the Civil Aviation Authority of Thailand? (91.3%) (8.3%)

3. Do the agricultural drone pilots have to receive training from 251 49
an approved training organization? (83.7%)  (16.3%)

4. Do you have permission from the area owner before flying agricultural drones? 261 39
(87.0%) (13.0%)

5. Do you study the manual before flying agricultural drones? 279 21
(93.0%) (7.0%)

6. Do you check the all availability and equipment before 271 29
flying agricultural drones? (90.3%) (9.7%)

7. Do you study the nearby weather before flying agricultural drones? 276 24
(92.0%) (8.0%)

8. Do you study the airspace to be used before flying agricultural drones? 254 a6
(84.7%) (15.3%)

9. Do you explore the availability of fly zone before flying agricultural drones? 278 22
(82.7%) (7.3%)

10. Do you assess your readiness before flying agricultural drones? 263 37

(87.7%) (12.3%)

11. Do you have an emergency plan during flying agricultural drones? 276 24
(92.0%) (8.0%)
12. Do you have flight recording during flying agricultural drones? 250 50

(83.3%)  (16.7%)
Agricultural chemicals security

1. Do you understand in agriculture substances to be used? 256 aq
(85.3%)  (14.7%)
2. Do you understand how to use an agriculture substances? 265 35
(88.3%) (11.7%)
3. Do you understand the impact of agricultural substances on the environment? 274 26
(91.3%) (8.7%)
4. Do you understand the impact of agricultural substances on the community? 266 34

(88.7%) (11.3%)

naufegnEAIns Trsintunnaasndslunstulasuiiensinums wavenufifesiunsly
asiilensinuns eglusedugs fazuuuszduannii 90% ilesanldsuniseusuisadunsdulasuiile
nsinwas wazmsldasienisinuasninady ieldiuinaisieg Miardosiudemisdoasier
vanamans sunsliAnm Ly eudhlslumsufoaientuanudasadefsnan aonadosiu Opanukul et al
(2021) uaE Charoenwikkai and Polnok (2023) nanaliin tnwasnsmsiinrulubesesasilénmainms Uun
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wagmsAua stz an WoldliAsuad udsmienismnds SuenaneliiAnsunesodiiondely
YurUarAIndoNTaUTg
Jadudruanaitienfuaudasadelunsiulasuilenisinens

ngufIet199 1LY 300 AU wansAuAniulusuanadLA BatuAINUasnfelunsTulasuile
msinuas (nesn) egluseiutiunans fiaadewintu 3.08 lnedanuaniuinnislimudfasunsufod
rewhnsiulasuiiensinuns 1Judsddnyiigaiidmaronudasnds udlinuddadesiianiidsuasie
audasadelusunslubenisldasiionisinuas (Table 3)

Table 3 Mean and standard of Attitudes toward safety in flying agricultural drones

Attitudes toward safety in flying agricultural drones (N = 300) Mean S.D Level
1. Do you have knowledge in the agricultural drone law? 2.96 1.043 Medium
2. Do you have knowledge in rule of the air? 2.99 1.011 Medium
3. Do you have knowledge in meteorology? 2.97 1.125 Medium
4. Do you have knowledge in navigation? 3.05 1.125 Medium
5. Do you have knowledge in airspace? 2.98 1.137 Medium
6. Do you have knowledge in human performance? 3.06 1.117 Medium
7. Do you have knowledge in safety management? 3.19 1.138 Medium
8. Do you have knowledge in agricultural drone operation system? 3.15 1.148 Medium
9. Do you have the ability to fly agricultural drones? 3.22 1.227 Medium
10. Do you have knowledge in pre-flight? 3.31 1.089 Medium
11. Do you have knowledge in during-flight? 3.23 1.141 Medium
12. Do you have knowledge in post-flight? 3.22 1.132 Medium
13. Do you have knowledge in using of agriculture substances? 2.79 1.118 Medium
14. Do you understand the impact of agricultural substances 3.07 1.084 Medium

on the environment and community?

Overall Medium

Lﬂwmﬂﬁﬂejué’aasmﬁLfﬂmal,rd{mﬁ’wmuﬂaamﬁa (lng53n) agluszauyiunans Lﬁaqmﬂmsamummiﬁiﬁ%ﬂ
lﬂﬂlﬁ]u‘ﬂﬁﬂLﬁmﬁﬁlﬁ@dﬁﬂ’ﬂuiigﬁULﬁ@ﬁﬁu gelianiznigamulssinnuar ing Ussasdvaanisldanu %Qﬂfjwﬁhaﬁmﬁ
fngusvasdazilasuaildifionininuas Sangfnssuanuasnsvasfnd ulddosszneudetadonareUsens
Wajasuwan and Wongsansukcharoen (2022) na1731 msldlasuanunsatisusendasuyusieas iuuinnssunig
msmwaﬁé’wﬁ ﬁﬂﬁpﬂsﬁﬁﬁﬂmﬁﬁﬁmmﬂsﬁmu danalinnnuddalunmsliuarsndulodimaluladmamsnuns
uldlusunens uagaoandosiuaruiiures Jitnom (2019) Aldduunnginssuanuvasadsly 3 dnwus Ao 1)
Tadellutyaraliiinnginssuaiudasnsis (Predisposing Factors) 2) Yadeativauuliiinnginssuninudasnsds
(Enabling Factors) uag 3) Yaduiasuassliiinainulasnsdy (Reinforcing Factors)
Jadedunisufianeatuanudasasslunisiulasuiionsinuns

ngufegadLaL 300 au InmsuftRaRsaiuamnuvasadelunisdulasuiienininuas (aesm) oglusesu
Uhunans fieadewindu 3.38 Tasfinnuaaiiuinmsujoanudeulvneuihnstulasuiiensinuasdwasenn
Uaoasiy mmﬁqm wiflanundiuinnistdsunisevsulunstedvenneudiivnduiiensinuns avdwmaldifnany
Uaendetiosdign (Table 4)
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Table 4 Mean and standard of Safety practices of flying agricultural drones

Safety practices of flying agricultural drones (N = 300) Mean S.D Level
1. You received training on agricultural drones. 3.13 1.338 Medium
2. You comply with the laws regarding flying agriculture drones. 3.35 1.296 Medium
3. You do as trained to fly agricultural drones. 3.38 1.328 Medium
4. You have complied with the conditions before flying agricultural drone. 3.49 1.360 Medium
5. You have complied with the conditions during flying agricultural drone. 3.47 1.347 Medium
6. You have complied with the conditions after flying agricultural drone. 3.44 1.369 Medium
7. You comply with the regulations for the use of agricultural substances. 3.38 1.327 Medium
8. You comply with the safety requirements for using agricultural substances 3.38 1.370 Medium

that affect to the environment and community.
Overall 3.38 1.256 Medium

psAUsENEUYRINIInNITALUABAY Useneaudie 4 ssdUseneu Ao 1) WleuieReiueuasnde
(Safety policy) S9MDIN1TUTLAIUNITINUNULKHT YL (Emergency Plan) 2) A159AN13ALLE B (Safety Risk
Management) it #1193 dinsszyanivg Uszifiu wazmuauidnanudsdiogluinasifivensuld 3)
wanUsziuauUasnss (Safety Assurance) Llolsiuladneadns wineau uagguszneunsinnuamusn
fanstuenuidssiienaifintuld way ) msduaiuenudaand (Safety Promotion) iielsiulaiununansdld
Tnsudioninnuasiinnug arudila wasiinueiisndulunisduninaonsededinuasninddunaves
fiArdeaazlsiifeates nfvdanedesluguuy uazoraneliiAnausiag yngn vieasdndvsdnyana
A9AARDINUUTENIANTENTMANUIAL (Ministry of Transport, 2015)
nsiSsuiisuauuanddungAnssuaasadeluntstulasuitansinums

MnnguFegd U 300 AU Suunmuiadeduyana nansEny U nguFIoETEl e o1y
piidn sedunsine Uszaunisallumstulasuifionisinums wavanudugpseunses ($1veq) Tasuiile
nsnsmsnuiadeiunnsieiu IngAnssunraaeadelumstulasuiionisinens windeiu sgradifuddy
n9ediAfiszdu 05 (Table 5)

@onARBatU ABC Model (Quilley, 2010) 85un8l i FuftRNuAszyhmslag Amszanamislunad
pasveINsnszTfana” mahuianssumanaliladivuaionnld dendwalinmsufoRnuiuiouudas
lumedid azennaunsussdivsyaninmanntu Sdulufiemaferiusanside

Table 5 The difference between personal factors and safety behaviors in flying agricultural drones

Personal factors (N = 300) Safety behaviors in flying agricultural drones
t-test / F-test P-Value Interpret results

Gender 27.900 .000* Difference
Age 4.106 .003* Difference
Hometown 5.597 .001* Difference
Education 9.277 .000* Difference
Experience in flying agricultural drones 7.064 .000* Difference
Owning agricultural drones 7.009 .000* Difference

* Significance level at 0.05
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fansufoanistulasunas smslansiaitiilenuasn s Imsauuauuﬂﬂmw 2) mumsﬂgummiuﬂmu
msﬁmenmaﬂgummmavﬂg‘ummiuummNauiwﬂgwmammﬂamqLﬂsamﬂ wag 3) daasuussyduiusin
Uszmnalasunsuiangrnefiieadesuas3sufdRlunstuasnsldasieilegnsUasnde

ayUnanIsAnen

nauinwmsnssegsdulngilumeneg Jo1gsening s1-60 U figlauegluniamile szaunisfny
Uinyg1es ldfiuszaunisallunsfulasuiionisinens uaglifllasuduvesnuies ngudegszyinianug
Aerfuanuvasadelunisiulasuiiemanuasiniiagalusunewihnstulasuiiensinuasiesdnudile
n3ld sunewihnstulasuiienisinunsdesfnuaninernmauinainisiukazuinalndides uagdu
sewinyinstudesiunugnidulunsdifawnliaansatsdulasuiionsinuns ngudeesssyinfianug
Wenfuarudasadelunsldasionisinuasuniianludunsdulasuiionsinunsdeadianuilud e
NansENUYRIAsTitiflon1sinunseduinden nqudegsiilanafiisaiunnuvasndelunistulasuiile
nsinuns (Ines) egluseduuunans lnewansnnuiuinnisiiaudAysnunisudifnewinnistulasu
ilemsinuns udsdhffigaiidmasrionuasnsdis ngusegisiimsufoanerfiuanuvasadelunisdula
suiitonisinuns (nosaa) egluszdulunans lasuansauAniuinnsufoRnudeulvnewihnsiulasu
\iensinunsdanadensasnsoanniige waznamsiisuiiisuseninedadeduyanaiungiinssuaay
Uaendlumstulasuilensinums ‘W‘U’J’]ZJﬂ?’mLLG]ﬂG]’Nﬂu%ﬂ‘ﬂﬁ]ﬁ]E‘-.l@EJNiJUEJﬁ’]ﬂEUV]’NﬁWWIiuﬂU 0.05

aAusenan1sIdlain ﬂfqumwmﬂiummgmmﬂummﬂaamaiumsuuimumamamwm wadlian
amifgITuALUaDnfBuar MU TRIAETUAUaensslunsTulasuiionsinwnsnadelussdumnag
dunanaliouiisussnindadsuyaaadiunginssuanudasadelumstulasuiionisinuas wuindiaw
unneanuynady flesan mmLmﬂwmﬁ’usuaqﬁafﬁw’huuﬂﬂalu‘mﬂ6] ATUYDINGUNYATNTAIDYT dIHAGE
AUAR ammmmmmamu‘wqmﬂsimmmﬂaamsmmnmqﬂu Hidevaiauenuz Mg Ainssuniu
UaonstlFudnguinuaans 1wy frevsuduaiunnudiimsiifmsulnsuasnsldamaftensinunslmi
mmqaulwﬂgwmamwumamqmiamm waztewnsUsTuduRusilasunsufanguune seifoulun
Fotsdusngg ARsdeufieliiinanuvasadtlunsdulasufionsinwnseluluewian

Hauszlevinudou
B pureUszmaiunanuiinaUsslevitudeu

AnANTINUIENA
AgrIdeveveuAM aontunstunaseu lny wiandnnigg unyie §insaadumstunasou Nla
ol yuganyunTIdeanrtunistunaisou Tauuseunm 2567 uazuevaunalnunsnIHidnTiulasenIs 1 fma

9 9
aa o

1 #3vta (aandomd) nvimdlaasuelyidesaddsudislonlumside
nsfidausaulunisilisuunainuvesidey
ARG auyRgIy ms"dgummi’;% msfidhusnilunseeniuy msnaaes mvagey lesiie
Jn Bnsiiudeya criteria nsdniudeya n1slies1eideya Nsudsna N15INNEIansalng N1SUan 113
Wisuilguiuteasuviiessdnnui vsenguiiu nsidmsilumadesusuatuunaiy (manuscript) M3l
nsatiuayuedesile Ve fuRns uaz aginet: 1Ave Wiy,



392 MIASNYATNTTIDUNG 2568 : 43 (3) : 384 — 392

LBNE15919949

Bloom, B. S. (1975). Taxonomy of Education. David McKay Company Inc.

Charoensook, C. (2020). People’s attitudes and perception towards Thai aviation laws and regulations concerning the firing of the
bamboo rocket (Bang fai). Journal of Politics, Administration and Law, 12(2), 559-577. (in Thai).

Charoenwikkai, P., & Polnok, A. (2023). Factors for Acceptance of Drone Technology for Spraying Herbicides in Sugarcane Fields
Lan Krabue District Kamphaeng Phet Province. Master’s Thesis. Naresuan University. (in Thai).

Grand View Research. (2017). Agriculture Drone Market Analysis by Product. Retrieved from
https://www.grandviewresearch.com/industry analysis/agriculturedrones.

Jitnom, J. (2019). Safety Behaviors of Big Bike Motorcycle Riding of Youth in Maha Sarakham Municipality. Master’s Thesis. Rajabhat
Maha Sarakham University. (in Thai).

Ministry of Transport. (2015). Annoucement of the Ministry of Transport on Rules to Apply for Permission and Conditions
to Control and Launch Unmanned Aircraft in the Category of Remotely Piloted Aircraft B.E. 2558 (A.D.2015).
Retrieved from: https://www.mot.go.th.

Office of Agricultural Economics. (2021). Agricultural Statistics of Thailand in 2021. Retrieved from: https://www.oae.go.th/view/. (in
Thai).

Opanukul, W., Saikumpoo, A., Punwattho, P., Tiamtat, I., & Jongjitmate, P. (2021). Research and Development Sprayer Drone
for Microbial Pesticide. Retrieved from: https://app-me.doa.go.th/research/ewfile13. (in Thai).

Quilley, A. (2010). The ABCs of Human Behavior. Retrieved from: http://www.hsmemagazine.com/article/the-abcs-of-human-
behaviour-171/.

Puey Ungphakorn Institute for Economic Research. (2019). The Situation of Aging and the Productivity and Farming of Thai
Agricultural Households. Retrieved from: https.//www.pier.or.th/abridged/. (in Thai).

Wajasuwan, T., & Wongsansukcharoen, J. (2022). Acceptance of technology and innovation affecting the intention of using drone for
agriculture in the agriculture industry. Panyapiwat Journal, 14(1), 143-157. (in Thai).


https://www.mot.go.th./
https://www.oae.go.th/view/
https://app-me.doa.go.th/research/ewfile13
https://www.pier.or.th/abridged/

King Mongkut’s Agr. J. 2025 : 43 (3) : 393 - 402 NTEATNBATHTZAOUNAT 2568 : 43 (3) : 393 — 402

NavasETaTATLINAaLAZNMTIWIRaANANIYRIETERARlsHad luameiuls
Effects of Salt Solution and Drying on the Stability of
Chlorophyll Pigments in Chara corallina
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UNANELD

nsnanonsIti fngusrasdifieAnymavesansaraieindenasnisvuiiremunaivesarsinaolsiiadluy
amsiemuis MnaaesinisAnvinavesansazangauvin (ZnCl, NaCl wag NaHCO,) Anwnanneimanzailunis
SnwIAuAIRvesansdnaslsfladlagly response surface methodology (RSM) WazA153N®IAIIUAIAIVDIANTH
Aaalsilad laedBn1svieviu Mmieiuensin uaz uealmandvsy NansNAaINUINE1Tazaty NaHCO, Fiuinuini
mﬁwaqmiﬁﬂaab?\laaﬂlﬁﬁﬁqm Tneiflanmzivnzanlunssnwinuasiafe anududuves NaHCO, Wiy  0.3%
gauniilunsviisen wiriu 90 esawalsd wagszeslianlun1sviuisen windu 10 wiil dmsunisvinuvieane
w3 sariussuuurudesii ol sunsansdd aduansuseneudsdouveslansuazaaslsiiad (metallochlorophyll
complexes) Mnamsiormds Tagnszuaunsiusiauuusiudesifievieviu (encapsulation) arsdnaolsiladiy o
oyl (encapsulating agent) Finzaufenealniangviu (maltodextrin) nan1snaaesdildamnsa g Suuwanis
Tun1suana1sdansssund Weananudssnnnistdansddaase Lﬁmmﬂiximﬁmnﬂaaliﬂaé waztdunnsun
’JquﬁUTuﬁa&ﬁuﬁammﬁ&Jf’w’mﬁqu%ﬁmﬂaﬂ'ﬂﬁmmﬁu

o o

AEATY: AaTIEMUNY ANUAIIYRNENTE HRNSITNYIR Aaelsilad

Abstract

This experiment aimed to study the effect of salt solution and drying on the stability of the chlorophyll
pigment in Chara corallina. The experiment was performed to study the effects of three solutions (ZnCl,, NaCl
and NaHCOs), the optimum conditions for maintaining the stability of chlorophyll pigments by using response
surface methodology (RSM), and the stabilization of chlorophyll pigments with encapsulation using gum arabic
and maltodextrin. For the results, NaHCO; solution showed the best solution for maintaining stability of the
chlorophyll pigment. The appropriate conditions for maintaining stability were 0.3% NaHCO; concentration,
90°C for reaction temperature, and 10 minutes for the reaction time. The drying method to prepare pigment
powder which was a complex compound of metals and chlorophyll (metallochlorophyll complexes) from
Chara corallina was using spray drying machine. The spray drying process was performed to encapsulate
chlorophyll pigment and a suitable encapsulating agent was maltodextrin. The results of the experiment can
be used as guidelines for the production of natural pigments, to reduce the risk of using synthetic dyes.
Additionally, it increases the benefits of chlorophyll and adds more value to Chara corallina, which is a local
raw material.

Keywords: Chara corallina, stability of pigment, natural color, chlorophyll
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AU

sk AuLAMIIe WS uieTngieTunienms (food additive) nssumd Idsuauaulasnguly
Hagtusisansansssned - arsuisdnnsssumAnatssiagnunaldludendes warldsunseudalildly
ansgowsniuazanninglsy wu weulnleeniiu anansadnainiiedu asainaindvesedu ihuaesiviethuasen
waznena1Ua nauukAlsTiuees WU wouLuAly (annatto) Wuansdsssudfifidmdesduisdunns 90 Auan
(Bixa orellana L.) Wa@n1uausu 910 @14318WAs (Paracoccus carotinifaciens) %3o 8@@ Phaffia rhodozyma
\wén-ualsfiuannuasen thidusasen eulaailsudalng uaswinvean (Capsicum annuum L) aaelsiladanndud
daann (Medicago sativa) ma%qﬁuaaﬁmnmﬁu%’u (Curcuma longa L.) wuatauanuedngv (Beta vulgaris L.)
nInAsdlnaINaNTann cochineal (Dactylopius coccus) wazA1TIaInsitauseusitiana (Sisurdson et al.,
2017) ueninflearnunasiiunviand Relminas Jananfeuaznals Euniduaviuas Aldsunnualaifiogaussasd
f9nana (Martins et al,, 2016)

ansnsssuvfdlvallifianuas  aselsiiadfiduanslididednsdaniaannsssunaliddnnuaialy
msihuiduansd wedsssund anulinsivesnaslsiladiiniiessin Aaslsaddesan1sgnyiaensedtese
nsdenanmitean tevlwl nsa oonBiau uae uavauiou lvilineyiuse1e venaslsilad wWu pheophytin,
pheophorbide, pyropheophytin wag pyropheophorbide n1svirliiraslsfladinuasiiaunsavildlnenisunud
magnesium ion Tu porphyrin ring A2y divalent cations LU zinc #38 copper LﬁamﬁlaugﬂLLUUﬁﬁu%’]mﬁaﬁﬂugﬂﬁ
flassadefidianunsia (Humphrey, 1980) SseuiusiiAntursiAidounioufsssumivesaaolsiiadudiiaunaii
sonsauazALSo uonntussisyavsamludunsduasiueyuadasy (Tonucc and von Elbe, 1992)

Uadasingq wu pH aaumgdl n1sfiegvaande teulesd uarlesauiivongiifiui Tavswaronunaiives
naelsilad raslsfladiinnunsiaddud pH qvfu (Ryan-Stoneham and Tong, 2000) Tneviluindevesuuniidey
waatdou Todey wouluilen wazanseengnddinuiuswidainanenssnwanuasiaveseaaslsilad (Woolf, 1979)
9INN15AN®I1909 Kaushal et al. (2013) Tunasaanluiiion (Taro : Colocasia esculenta (L.) Schott) Wui1 n1saIntu
denlutdidunan 10 Jund videlusne Wy NaHCO, Ay 0.1% vildldndnsasiianiinisaandaglotmndels
an IﬂEJLLaNﬂ’ISEjEyLaEJ’?iL‘ﬁﬁl’lﬁ@ﬁlﬁﬁiﬂ%dﬁ%ﬁaumﬂ‘U%JJ’]mﬂa@IiWaa‘LLagﬁﬂngm’]ﬁIﬂ%uﬂﬂ’]‘i NSANEBIAIUAIAIVOY
aaslsfadlundovidndue wu 1nde ZnCl, (Rahayuningsih et al, 2018) inds NaCl inde CaCl, wazinde KyS,0;
(Kaur et al,, 2018) 1Jusu

uaﬂmﬂﬂ'ﬁﬁﬂﬁﬂaaiiﬂaéagﬂugﬂﬁﬁmmLaaﬂimﬂﬁiaﬂm,ﬂﬁ'augﬂl,lﬁa nsieaslsiaduINIUNTEUIUATS
¥utke Faenszurums encapsulation wiewiusnen Aidudndumeunileiifienudiy  aansadestunisdsunda
vosnaslsiladld nsvhuRadaedsvihuauuuriules (spray drying) Aludnisnileiifinisihunldfunnlunisudey
vouandunuis Fansviuiauunudesfifuiznsmdafituldlunssuiuns encapsulation nsviuisuenain
Sdaaiﬁmqmnﬁu%“ﬂmsuaaNémﬁm%ﬁuﬁuué’a Jovilvnandaurianuashendonisidasuulas Sunewdudilunis
‘v‘hLLﬁnaﬁﬁLﬁlaﬁaqﬁ’umﬂﬁaﬂsl%’ﬁ’amﬁaﬁmﬁmmxau fieningan (carrier) W3ea13v0M (encapsulating agent) LYy
fue150n (gum arabic) lalasladanisv (hydrolyzed starches) uay wlanmuus (modified starches) "’J’ﬁ@ﬁ@ﬁiﬂﬁ%am
wilaiiiinnsldfueghaunsnanslunszuaunis microencapsulation ansd iy warleeniy (Cai and Corke, 2000;
Azeredo et al., 2007) waulstoenfiy (Ersus and Yurdagel, 2007), Lumtau (Obon et al., 2009) wazualsiiy (Wagner
and Warthesen, 1995)

mswmaam%ﬁﬂ’fﬁmmaﬁﬂmma%anmiazmaLLagmﬁﬁwLLﬁaﬁiammmc?hsuaqmﬁﬁﬂﬁ@lﬁﬂ?\laaﬂluamiwﬁmﬁﬁ
Imﬂﬁﬂmmsazmaﬁv‘iﬂﬁmﬁﬁﬂaabﬂaéagiiugﬂﬁmﬁamﬂsfu Tniuhlfansaiinnuasirlunsiiusnvdens
wislagldnsviukanuusiudes luguuuuvesnisvi encapsulation Inefnwnansilivieviu 2 viade fuensdn uas
NoalnANgsU (maltodextrin) ﬁﬂaﬂiﬁaﬁwﬁﬁmmmmsauuﬂi’ﬁ.ﬂuﬁaﬁaﬁuLﬁawﬁmmmmmﬁﬁmﬂﬂaéﬂ'ﬁ‘?\laé 9T
alsanansatanlduselomilugnavnssuonsseld
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N1sAnEN

miﬁnwwﬁmmmsaxmaﬁmm:awiami%'n‘mmmmﬁqwjaqmsﬁﬂaaisﬂaa’iumm"mﬁ'wﬁ:a

Anwwdavesasazansiivanzausonisinuinnunsiivesasdnaslsiladluamsieiuds Ingldasazas
wndelave 3 afiafo ZnCl, , NaCl wae NaHCO, anududuvesansazarendelansildlunsinwide 1) ZnCl, mnu
LU 0, 200, 400 waz 600 ppm 2) NaCl Anutdudu 0, 0.1, 0.2 waz 0.3% wag 3) NaHCO; Auldudy 0, 0.1, 0.2
way 0.3% lneuwsnfnwansazansusazyiin auanududuiimnue LLa”’JﬁwmmLﬁuﬁuﬁﬁﬁqmmmiazm&JLwiazsuﬁm
uSeuileusudnnds
NISLA3BUADYNN

é’wam'ﬁwaﬁwuﬁﬂﬁazamﬁwﬁﬂﬂsgm Tnduamnamieluiiien Wunar 2 und wdnhlduasegasly
azifun feinsestusiunUszasd (Philip 5000 series, wsoswaus) Liuf108198 18015488 onud Uil -20
ssrwaded sywinsnssesdiunisnelussesiian 24 alug
N1589A518%  metal-chlorophyll complexes

n1589LAS1%9 metal-chlorophyll complexes TauanalUas15n15999 Rahayuningsih et al. (2018) waz
Salama and Moharram (2007) 1@ miediinunisainuazuanda 70 n3u uvhufitenansazarsindeveddangsineg
USms 280 fladans ihdegndlulinrmdoudl gumgil 80 esrwailea Wunan 15 it Tagldansazaneindolany
auALt Tt

A198nA metal-chlorophyll complexes

am metal-chlorophyll complexes TnaauUasisn13v03 Rahayuningsih et al. (2018) wag Salama and
Moharram (2007) théregsamsiedilaannislianudou Usuns 10 faddns wadadeieniusaninududu 96%
U395 25 f1adans Tu Erlenmeyer flask shaker Yo nwanarsneegiidouvisoss thluldlu shaker water bath i
gaumail 60 perwaded WeMEANEY 135 sousewndl 1Wual 45 widl

N5ATIZAANUTNTUYEIAAR LA

TAsziaNduturesnaslsilad m1uiSn15999 Rahayuningsih et al. (2018) Tnan1sua1sana 6 nsu
\39919AeeEdlau 30 ladans naufveg19ma8 magnetic stirrer A1 1000 seumeund tHutian 15 uri wdih
#29619 5 fadanslusihnismyuimisaeainusisey 5000 seuseud fguvgll 25 ssawaldea utu 10 uni
TniunsesansataildriunsEaunsenues 1 tasazaredinlaunnsinmanududueseaslsitad Aruen
AU 645 Way 663 nm MmunAIdiTureIraslsiiad suaun1sues Zhang et al. (2009)

chl, (ug.g™ = 12.72 ODggs - 2.59 ODgas ovevommmrereeeerrereereecees (1)
Chl, (ug.e™) 22.90 ODigs - 467 ODiggs rrovrrorrmrrsrrrerreri 2)

Chly (Ug.gh Chl, + Chl, = 20.31 ODgg5 + 8.05 ODggs ........(3)

A5inANE

TnAndreinieainA1d (Colorimeten) §%e Hunterlab u ColorFlex EZ (Uszimmanigoiuini) sinsiaan
L* a*, b*, 1o A1 L* Ysuendeniuasng (100 = 912, 0 = #1), a* value (+a* = red, -a* = green), b* value (+b* =
yellow, -b* = blue)
nsAnwanzivuzsnlunisinuaunsivesssEluamsiefufsdaes RsM

ﬁﬂmamwﬁmmasazfi;umi%’mznmmmf?fwmmﬁ?maaiﬁ'?\laa‘luamﬁﬁ&Jﬁmf’jaﬁw B RM  Teeldansazaned

ARLABNAINT IR U ﬁﬂmﬂﬁ]a‘i’ﬁﬁ'ﬁﬁwﬁwam'amwmsﬁ”asuaamsﬁiuamiwﬁﬁmjﬁ 1AgD8NLUUNITNARBILUY
Sond-wuviuau il 3 Y99 Ao Arwduduvesansazans (x,) gaumgiilunisviufisen (x) uarszoranlunisi
Ujisen (X)
N133NYIANMUALAIVBETERBA5%RY (Encapsulation)

thansavansuaransimnzauiildannisansneundd wnldlunswisuansdsenoudouveslany
uazAaslsfladainaminenss metallochlorophyll complexes InggnLlasisni1suas Senklang and Anprung (2010)
gnthnilurunsEUILS eccapsulation feiASawhuiawuuviuees (Spray dryer ¥ae U3 Niro Uszineiauansn)
lnglddivieriu (wall material) 2 viinfie fue13Un wag wealmandvsu wssudegralaglddvioriuninududu
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10% hvosnaudiledasosiuiauunuresdfis nozzle vum 0.5 mm AufuLasAS AN atomizer WA
50 kPa Wag 0.70 m”/min A1ud1ayU gundvesauiiwazaneantviniu 150 £ 5 aeAlwalded uag 90 £ 5 9e
waldea audtu Snsin1siuiieg1avafu 300 mUh Wiusied1edilaiileAnwiAduardiasiziannududuves
Aaslsflaa M1NI5N15U09 Rahayuningsih et al. (2018)

NaAN1SANE LAV
nsAnwviinvasasazanefivanzandan1sinvIAuAIiYesansARaalsilad lus el
a’mmﬁnm%ﬁmaqmiﬁmmsamiamﬁmﬂm'mmﬁamaqaﬁﬁiuamiwﬁmﬁ:ﬁ Iavltansazany 3 wilafe

ZnCl, (AMUGNTU 0, 200, 400 haz 600 ppm) NaCl (AuLTNTY 0, 0.1, 0.2 wag 0.3%) way NaHCO; (AU Uty 0,
0.1, 0.2 uaz 0.3%) Wan1SNAADILEAIRY Table 1-6

PNNIsANYIMATEY ZnCl, densidsuulaesnaslsiiad lnefansivdsunamesdd waganududuves
aaelsflad (Table 1-2) wuin ilefiansanan —a* FsvsuenfemnuludiTer amswanaziiaududidoinan ua
amiwﬁmumﬁaaﬂ%ﬁﬁL%mumﬂdwmwiwm Hufienisainiztlesnumanuasiivesnaslsiiaddeinandidenls
seifunile meﬂuﬂaaEWamﬂgﬂsmﬂUIamﬂa 7n Tuguves Zncl, aglvinadiangt Tnsfiszdumandudures zncl,
sinae it Whuafisheiu Hednvarvesduazarududureseaslsilad Tneiisviunrududu 600 pprm axlvrmnanu
A (2 wavamuiduduvesanelsiladioungean (p < 0.05)

aaelsiiad 1o uasuszneudedouvesuuniifon uazwasingu (porphyrin) Afsuwmulelaaumuniluy
(cyclopentanone ring) Aaslsilad 1o lilazanslutusazanslafluosiueauaziumiuea gnsmaaivenaslsilas 1o
A0 CosHo,0sN Mg luBndnunils aaelsilad < ﬁLﬂuﬁﬂﬁmﬁﬂugﬂmmﬂaaii‘?\laéﬁszhaﬁ’qmeﬁuaﬂmammm%’uwé’mu
was uonanddeliazanlui urazanslddlulonusauaziuniuea ansnuadae CssHyOgN Mg (Lide, 2009)
naolsfladannsadesaasldiedion pH gumgiiilivanzay uasmsdudaiueendiaunieuaslngnss auﬁuﬁ"ﬁlﬁwﬁu
Ao Alelnfu (pheophytin) Alenaslus (pheophorblde 1WI§‘WI@1Wmu (pyropheophytin) waglwlsiloneslua
(pyropheophorbide) nsidenan nwesdiinduiosainvesnisunuiives Mg lesouifu H* lessuainweilniu
(Koca et al. 2007) flvmidfedauandiidiuinansatanaslsiiadanunsnnmusonisivdsunlamesdlnonisunud Mg
Tulpssasisvesnaslsiadsie Zn? wie Cu™ (Senklang and Anprung, 2010) nsAnwadaifld Zncl, Aeld zn® u
Fretlostunisivasuulawesnasisilad uenainduainnisfnyIves Rahayuningsih et al. (2018) Fadnwluly suji
(Pleomele angustifolia Roxb.) wuinmsafaansisssueiiannly suji frethuazdnuwanuasiivesansa anei
wsnzauAenIsiiin ZnCl, Anandutu 700 ppm lagldan1aedl pH 7 uavgaumgil 85 sarwaldya anmzivlwle
nalsfladimuaUsana 47.297 un./100 ndutmidnan

Table 1 Effect of ZnCl, solution on color value in Chara corallina

Sample Color parameters
L* value a* value b* value
Raw algae 17.32 + 0.06° -5.93 + 0.01° 16.13 + 0.06°
Blanched algae + 0 ppm ZnCl, 15.76 + 0.05" -7.81 +0.03° 18.07 + 0.42°
Blanched algae + 200 ppm ZnCl, 14.87 + 0.02° -7.82 £ 0.01° 18.02 + 0.04°
Blanched algae + 400 ppm ZnCl, 14.42 + 0.13° -7.85 + 0.01° 17.86 + 0.12°
Blanched algae + 600 ppm ZnCl, 15.23 + 0.07° -7.89 + 0.03° 18.62 + 0.03°

Different letters within the same column indicate significant difference at p < 0.05.
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Table 2 Effect of ZnCl, solution on chlorophyll concentration in Chara corallina

397

Sample

Chlorophyll concentration (ug.g™)

Chl a

Chl b

Chl total

Raw algae

Blanched algae + 0 ppm ZnCl,
Blanched algae + 200 ppm ZnCl,
Blanched algae + 400 ppm ZnCl,
Blanched algae + 600 ppm ZnCl,

2.302 + 0.010°
3.540 + 0.001°
3.588 + 0.001°
3.624 + 0.001°
3.662 + 0.001°

1.095 + 0.003¢
1.525 + 0.003°
1.531 + 0.003°
1.540 + 0.003°
1.635 + 0.003°

3.397 + 0.011°
5.065 + 0.004°
5.119 + 0.004
5.163 + 0.004°
5.297 + 0.004°

Different letters within the same column indicate significant difference at p < 0.05

nsifenaaeseseaelsiladiintulansmdsnlulignifufemiuufisedidnslfeulsiuaylaldioule
(Oberhuber et al., 2003; Skutnik et al., 2004; Hortensteiner and Krautler, 2011) n15@a18A2v03AaLTNad A28
wulwiiAntudesnn msfouleidesanenaslsiiadifegluieifofiy oululwdovanenaslsfiadlugeiluld
un v3ensanuesnalsl/indiden (Kaewsuksaeng, 2011) luvaiziinisgosaaeiilailyieuluiliSunansenuandads
Faundou LLaz:ﬁ’ﬂLﬁmsﬁuiuﬂismumwﬁnmsLﬁ"uLﬁ'm (Suzuki et al., 2005)

INNsAnwmares NaCl den1sivdsuwlavesnaslsilad Tnefansidsunlamesind wasanududures
aaelsflad (Table 3-4) wuin ilefiansanan —a* Fsvsuenfemnuludier amswanaziiaududidoinan ua
awdeiriiunmsanazdaidonnnniamiean uinisliraelsladyiujzeniulansie Na luguves Nacl axlvinadi
finin Tneitseiuaududures NaClanegiu Tinaidniu ednvasvedd waranududuvesnasisitad Tnsfiszau
AMLLLTU 0.3% aglirrmnududiden (a%) LLagmmL%'usﬁumadﬂaaiﬁxlaéﬁgwquqm (p < 0.05) ANN1TANWIVDY
Kaur et al. (2018) s@nwmavesnisainusenindandeuniseuuisieindovdinfiag wuit anududuvenndelunis
andiuuziiie ledounaslsdanududu 1% wradeunaslsdamududu 0.5% Inunadonualudalndai
dudu 0.19% waglufenluasuaunanududu 0.1% fornududuiivusihvenndouwdazin

Table 3 Effect of NaCl solution on color value in Chara corallina

Sample Color parameters
L* value a* value b* value
Raw algae 17.32 + 0.06° -5.93 + 0.01° 16.13 + 0.06°
Blanched algae + 0 % NaCl 15.76 + 0.05° -7.81 + 0.03¢ 18.07 + 0.42"
Blanched algae + 0.1 % NaCl 16.00 + 0.29" -8.00 + 0.09° 18.28 + 0.04°
Blanched algae + 0.2 % NaCl 15.21 + 0.02° -8.18 + 0.02° 17.88 + 0.01°
Blanched algae + 0.3 % NaCl 16.11 + 0.23° -8.25 + 0.02° 18.70 + 0.13°

Different letters within the same column indicate significant difference at p < 0.05

Table 4 Effect of NaCl solution on chlorophyll concentration in Chara corallina

Sample Chlorophyll concentration (ug.g™)

Chl a

Chl b

Chl total

Raw algae

Blanched algae + 0 % NaCl
Blanched algae + 0.1 % NaCl
Blanched algae + 0.2 % NaCl
Blanched algae + 0.3 % NaCl

2.302 + 0.010°
3.540 + 0.001°
3.826 + 0.001°
4.001 + 0.003"
4.014 + 0.004°

1.095 + 0.003¢
1.525 + 0.003"
1.454 + 0.002°
1.637 + 0.003°
1.646 + 0.001°

3.397 + 0.011°
5.065 + 0.004°
5.280 + 0.003°
5.638 + 0.005"
5.660 + 0.005°

Different letters within the same column indicate significant difference at p < 0.05
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INMSANYINETEY NaHCO, AonisiUdsunlasasraslsilad Tnetnnsiuasuulamesdnd wazanuidudu
vyosnaelsilad (Table 5-6) wud WleRiarsand —a* Gavsuenfsmududier ameansziinnududifeinan way
awsrefihunsanagiiddennnniamiian winisliaaelsildinizeniulangie Na Tusuves NaHCO; a¢lvia
fisinin Tneiisviuaududures NaHCO, sheqiu Winadiseiy Hadnvawed waveududuresaaslsiad Tned
sEAuANIdLdY 0.3% aglraandudiden (a%) LLasm’mLSi’J’aJsiTusuamaaiﬁxlaéﬁgwmqﬂqm (p < 0.05)

Kaushal et al. (2013) @nwinanisainveslutiden (Taro : Colocasia esculenta (L.) Schott) agls MgO, NaCl,
NaHCO, uaz EDTA man1snaaasnudn nisaantutdentutifunan 10 Juadl wielusiag wu NaHCO, mnududu
0.1% VlRlanansasifiininnsaansaeledmioliain Tnsuansnsaadedidentesiiandsazvieuainuuna
naelsfladuardnuarnlnruinis uenaIntuaInnnsinw1ves Cao and Dong (2023) AdimsAnwiludnwutu
Sauropus androgynus Saluauulnsiiinaslsiiadduiuann afnaaslsiladain . androgynus Tasnsnivluasundi
AULEIBU 500 souRewdl dn1izgaugiiieadunian 25 wiil dedviazateieviueanududy 40% uazifi
\nA06139 19U NaCl, Nay,CO, wae ZnSO, iiewSeufisuanuadnienatiuly sansidenuinneldaniznisade
Uﬂﬁﬁqmwgﬁﬁmmﬂu 25 Ui MsLisnde Na,CO, mnududu 1% (hwinuste) ﬁ]ﬂﬁﬂ%mmﬂadﬁ\laéqqqmﬁ 1.351
+0.032 un./n3utminusis

Table 5 Effect of NaHCO; solution on color value in Chara corallina

Sample Color parameters
L* value a* value b* value
Raw algae 17.32 + 0.06° -5.93 + 0.01° 16.13 + 0.06°
Blanched algae + 0 % NaHCO, 15.76 + 0.05° -7.81 + 0.03° 18.07 + 0.42°
Blanched algae + 0.1 % NaHCO, 14.81 + 0.03° -8.15 + 0.03¢ 17.21 + 0.04¢
Blanched algae + 0.2 % NaHCO, 15.04 + 0.02° -8.51 + 0.03° 17.67 + 0.04°
Blanched algae + 0.3 % NaHCO, 15.57 + 0.01° -8.30 + 0.03" 18.13 + 0.03°
Different letters within the same column indicate significant difference at p < 0.05
Table 6 Effect of NaHCO; solution on chlorophyll concentration in Chara corallina
Sample Chlorophyll concentration (ug.g™)
Chl a Chl b Chl total

Raw algae

Blanched algae + 0 % NaHCO;
Blanched algae + 0.1 % NaHCO,
Blanched algae + 0.2 % NaHCO,
Blanched algae + 0.3 % NaHCO,

2.302 + 0.010°
3.540 + 0.001°
3.917 + 0.006°
4.049 + 0.004°
4.340 + 0.003°

1.095 + 0.003¢
1.525 + 0.003°
2.331 + 0.000°
2.987 + 0.017°
3.033 + 0.006°

3.397 + 0.011°
5.065 + 0.004°
6.248 + 0.006°
7.037 + 0.021°
7.372 + 0.009°

Different letters within the same column indicate significant difference at p < 0.05

Tunszuaunsaandnludedninisusuannslindussdunsandn Wedssiunsdeanmussnaslsilasly
Juiilelnlfiu (pheophytin) Tnesafidndnisldldun NaHCO, way MeCO, Faulundeiidusine (alkaline salt) 210
N13ANYIVDY Prangdimurti et al. (2006) wu31 n1sanalagly 0.75% Tween 80 $auAU Na-citrate AMULTLTY 12
mM 1unan 30 wil Iansannaaelsiladannlu suji ﬁqn A13AN®IYeY Hutajulu et al. (2008) wua1n15la MgCOs
Fresnunadeavedu suji wenaantunisld Caco, uar MeCO, axtreinwddvasnaslsiladarnarsaialy suj
(Caesar et al,, 2018) ndowariazsiltiAnmudunarmesnseluided avesity annisvinliidunse Sudinisiin
vasillolwiy (pheophytin) FuwiliiAedifeniana luasatavesnaslsilad (Schwartz and Lorenzo, 1990; Weber
et al.,, 2013)
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910 Table 1-6 Wu21 0.3 % NaCl, 0.3 % NaHCO; wag 600 ppm ZnCl Wumududuvesaisarateinie
wiazydafiliaimududiden wazarnududuresraslsiladaan Wevihnisseuifisuansisausila nan1snaaes

LARIAIANS1N 7-8

Table 7 Effects of three types of solutions at appropriate concentrations on color values in Chara corallina

Sample Color parameters
L* value a* value b* value
Raw algae 17.32 + 0.06° -5.93 + 0.01° 16.13 + 0.06°
Blanched algae + 0 % 15.76 + 0.05° -7.81 + 0.03° 18.07 + 0.42°
Blanched algae + 0.3 % NaCl 16.11 + 0.23° -8.25 + 0.02° 18.70 + 0.13°
Blanched algae + 0.3 % NaHCO, 15.04 + 0.02° -8.51 + 0.03° 17.67 + 0.04°
Blanched algae + 600 ppm ZnCl 15.23 + 0.07° -7.89 + 0.02° 18.62 + 0.03°

Different letters within the same column indicate significant difference at p < 0.05

Table 8 Effects of three types of solutions at appropriate concentrations on Chlorophyll concentration in

Chara corallina

Sample Chlorophyll concentration (ug.g™)

Chl a

Chl b

Chl total

Raw algae

Blanched algae + 0 %

Blanched algae + 0.3 % NaCl
Blanched algae + 0.3 % NaHCO,
Blanched algae + 600 ppm ZnCl

2.302 + 0.010°
3.540 + 0.001°
4.014 + 0.004°
4.340 + 0.003°
3.662 + 0.001°

1.095 + 0.003¢
1.525 + 0.003¢
1.646 + 0.001°
3.033 + 0.006°
1.635 + 0.003°

3.397 + 0.011°
5.065 + 0.004°
5.660 + 0.005"
7.372 + 0.009°
5.296 + 0.004°

Different letters within the same column indicate significant difference at p < 0.05

NANTNA 7 - 8 @rsazang 0.3 % NaHCO, Hieglunisinwianuasivesansdsnaaslsiladluamsieiun

1551‘7@@ fatiuIadanaisavats 0.3 % NaHCO, lunsanwluiitenald
nsAnwanzimuzanlunisinuaunsivesssEluamsiefufsiaes RsM
ﬁﬂmamwﬁmmzaﬂumﬁﬂmmmm&hmamaaiﬁﬂaa‘iuamiwaﬁ’mﬁ:qﬁw 33 RsM Toeldansavaneindedi
Fadonanmsinuineunthil tufle NaHCO, Anwndadeiiisninanonuasinvesaisanaslsiladluamsrwansng
fufs eenuuuMIvaaesuUy Tond-wviuau il 3 Jady Ae arunduduves NaHCO, (X,) gamgilunisvinufisen
(Xp) wazszezalun1syiugasen (X wam‘amamwu*jwmﬁﬁﬂﬁL‘mﬂzauﬁqmiumsﬁﬂmmwmdf?hsuadmi?i
Aavlsiladeig NaHCO, luamsieiun Lﬁ@iﬁlé’mmL%’u%umaqﬂaaiiﬂaéqqqm Taeldaridu response optimizer Tu
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Table 9 Color value of metal-chlorophyll complexes after the encapsulation process

Sample Color parameters
L* value a* value b* value
Raw algae 14.06 + 0.10¢ -71.77 +0.03¢ 16.17 + 0.03¢
encapsulation with gum arabic 2436+ 0.98° -11.92 + 0.04° 26.56 + 0.18"
encapsulation with maltodextrin 37.19 + 0.34° -14.05 + 0.03° 34.80 + 0.13°

Different letters within the same column indicate significant difference at p < 0.05

Table 10 Chlorophyll concentration of metal-chlorophyll complexes after the encapsulation process

Sample Chlorophyll concentration (ug.g™)
Chl a Chl b Chl total
Raw algae 2.90 + 0.002° 1.41 + 0.003¢ 4.30 + 0.004°
encapsulation with gum arabic 12.79 + 0.005° 4.71 + 0.003 17.49 + 0.007°
encapsulation with maltodextrin 15.57 = 0.002° 5.21 + 0.002° 20.78 + 0.003"

Different letters within the same column indicate significant difference at p < 0.05

N13ANYINITTNYIAINAIVBIANTAIINAIMI 187U 1A8ATT encapsulation Ad8a1TVRY UADITIARD
fue13in waz wealnandvsu wuin nslduealanndvniurstieinwianuaswivesnaslsiladluamsieiudlaani
fue150n WeRersananadden (2% wazaudutuvesnaslsiiad denndesiunisnaasives Sarabandi et al.
(2019) ﬁwudﬂmﬂsﬁuaahLﬁﬂ%m%mﬁué’aﬁaﬁmﬁﬁmﬂLﬂﬁaﬂmL%mﬂﬁwaﬁﬁﬂd'}mﬂ%ﬁ’umﬁﬁﬂ 1ng Sarabandi
et al. (2019) "L@fﬁm:ﬂmswﬁmmﬁaﬁuﬁmiﬁ;msaﬁ’mmﬂLﬂﬁaﬂum%813%@L‘ﬁuLma'qﬁﬁﬁimwﬁLLazmiﬁmawaﬁaiz
lngldiuersinuaz vealaindnsuduarsieniy Anvinavesgamgdnind1veanisiuisiuunures (140-170
perwaled) uarinane Wealaindnsy Aue1sin LAYAIUHANYBITANIED) AONARAANITHAARS AANURANIS
g nslvia 3 YSinaflueAnitanun (TPO) quisiueyyadasy Sunsise aseaevaningalnd (FTIR) Tassadhs
FAN1A UATUUINDUNIA NaN1TNAaRINUIIAMaNTAMLAlTENdvendlasuBnEnaanvlinvesimwasaamiiniad
mﬁiﬁ"mnﬁaﬁuﬁ”wuaaimLﬁﬂﬁm%uﬁqmmﬁ 170 samigal@ea wansmn TPC a9an (5.2 un./n3u) anuandnsalunig
Aueuyadasy DPPH WU 73.4% awanunsalunisiueyyadasesienisnendoyyadassiediliea (ABTS) Wiy
90.5% ANuANNIatUNIANUBYYadasEiisuineas Trolox (TEAC) Wiy 2.5 mM fanssunisindneuyalansenda
(hydroxy radicals scavenging ac’uwty) WU 79.1% way A1 reducing power (Abs700) M1AU 1.2 Iuﬂaumam\i
Wave FTIR spectroscopy ‘uwmmﬁaﬂmmuawlmammm n1sUszifiulasaassganiavestsuansliiiuoynia
narsusdLidlassaduuuaming m‘iﬂizmendﬂismwauNa‘iuqmmimumiaﬂmuuLsuamfmmuﬂiumumi
oyl (encapsulation) aslun@nsiael gummy candy vinlauasnseonsulnesiufivy

llaﬁimL@ﬂ%@iuuaﬂlsﬂUﬂﬁuU'JUﬂquﬂLLVNLL‘UU‘W‘UN@EJLWaL‘Uuaqi‘ﬁa‘ﬁllLuaﬁﬁnﬂllﬂ'mllaqllqiﬂi‘Uﬂqi
aumamlmm (Tonon et al., 2008; Apintanapong and Noomhorm, 2003), mmwumﬂuam?a’mmaﬂLL?NEN
(Balasubramani et al., 2015) laifisan@d govaaronis@innlade mmmiﬂammaqwamm«mmeanwmamﬁmw
#ensiinoendinduila wazduyusn (Apintanapong and Noomhorm, 2003) wifldedidauialsenns Addade



King Mongkut’s Agr. J. 2025 : 43 (3) : 393 - 402 401

v
LYY

av o v ° 2 W P Y v > o a
AMUEINNTatUNNSHANDTaTUARUT IR aE NS US NWa1ssEmelaAauT1etes (Sturm et al., 2019) ssuletien
lunauiuianrerudus easdiatuiiaios wu ndlusiu (Kang et al,, 2019)

ayUnanIsAne)

NsAn¥INavesaTaTatsLarN SR NARIvetansanaslsladluamseAufanudl 1nde NaHCO,
%qa%mwwmmmﬁmmmiﬁﬂaaisﬂaémﬂamiwaﬁmﬁ:ﬂﬁﬁﬁqm Tneflanzfimnzanlunisshvianunsiafe Ay
Wuuved NaHCO, Wity 0.3% gaumaiilun1sviufisen windu 90 ssmwai@ea seeviiatlunisvilisen wiriu
10 Ul LLawaaI‘wmﬂszfﬁuﬁm'mmmsaﬂumiﬁmﬂi’ftﬁuéf’gmﬁuLﬁamﬁmmmaamiﬁmﬂﬂaa‘lﬁﬂ?\laa‘ arsanile
ansauyssenaldluemis iioannsldddansnzi Lﬁu@mﬂidmﬂﬁnﬂﬂadﬁ\laé LLazLﬁumsﬁﬁmqﬁUTuﬁmﬁu
ﬁaawﬁ'wﬂﬁmf’jwuﬁmﬂaﬁiﬂﬁmn%u

LSO
naussleviviudou
Adeuvelszmadtunanuiliinayssleniviudeu

AnfnssuUIZNA
YOURUAN NBIUALAIUINIAIanT TFeUaruinnTsu (newudway 2u) ddnnuamgnssunisduasy
Weeans Ieuaruinngsy (@nad.) dmsunuganyunsinideluasall

N153aUIUTUNISVYUUNAMUVDILVEU

v
) '

ANuARTISY uag auyAgiu: undmd g nsUURNITe msfidausalunisesnuuy msmeass N
naaeu Ln3eslotn Bnsiiudeya wag citeria: undnd uziv, 255did Fundum, msdaivleyansiinseidoya
N1swUIHE: W Lz N1TINNEIaNsalNg N1skaninsiUSeuLiisuiuteasunientdnius venguiiau: unsni
g, Msfldudalunsdouduatuunanu: unind uem. mslinsafuayueiesiio osuFoRns uay agins
AagR Ndesmi

LONE1591999

Apintanapong, M., & Noomhorm, A. (2003). The use of spray drying to microencapsulate 2-acetyl- 1- pyrroline, a major flavour
component of aromatic rice. International Journal of Food Science and Technology, 38(2), 95-102.

Azeredo, H. M. C,, Santos, A. N, Souza, A. C. R, Mendes, K. C. B., & Andrade, M. I. R. (2007). Betacyanin stability during processing
and storage of a microencapsulated red beetroot extract. American Journal of Food Technology, 2(4), 307-312.

Balasubramani, P., Palaniswamy, P.T., Visvanathan, R., Thiruphati, V., Subbarayan, A., & Prakash Maran, J. (2015). Microencapsulation
of garlic oleoresin using maltodextrin as wall material by spray drying technology. International Journal of Biological
Macromolecules, 72(1), 210-217.

Caesar, J., Tamm, A., Ruckteschler, N., Leifke, A. L., & Weber, B. (2018). Revisiting chlorophyll extraction methods in biological soil
crusts — methodology for determination of chlorophyll a and chlorophyll a+b as compared to previous methods.
Biogeosciences, 15(1), 1415-1424.

Cai, Y. Z., & Corke, H. (2000). Production and properties of spray-dried amaranthus betacyanin pigment. Journal of Food Science,
65(6), 1248-1252.

Cao, H. K. N., &Dong, T. A. D. (2023). Study on the effect of metal salts on chlorophyll pigment extraction from fresh Sauropus
androgynus leaves. Journal of Agriculture and Food Research, 14(1), 100699.

Ersus, S., & Yurdagel, U. (2007). Microencapsulation of anthocyanin pigments of black carrot (Daucuscarota L.) by spray drier.
Journal of Food Engineering, 80(3), 805-812.

Hortensteiner, S., & Krautler, B. (2011). Chlorophyll breakdown in higher plants. Biochimica et Biophysica Acta (BBA) -
Bioenergetics, 1807(8), 977-988.

Humphrey, A. M. (1980). Chlorophyll. Food Chemistry, 5(1), 57-67.

Hutajulu, T. F., Hartanto, E. S., & Subagja, S. (2008). Extraction of chlorophyll green color for food and it characterization. Journal
of Industrial Research (Jurnal Riset Industri), 2(1), 44 — 55.



402 MIASNYATNTTIVUNG 2568 : 43 (3) : 393 — 402

Kaewsuksaeng, S. (2011). Chlorophyll degradation in horticultural crops. Walailak Journal of Science and Technology, 8(1), 9-19.

Kang, Y.-R., Lee, Y.-K, Kim, Y. J., & Chang, Y. H. (2019). Characterization and storage stability of chlorophylls microencapsulated in
different combination of gum Arabic and maltodextrin. Food Chemistry, 272(1), 337-346.

Kaur, N., Aggarwal, P., & RajputKaur, H. (2018). Effect of different blanching treatments on physicochemical, phytochemical
constituents of cabinet dried broccoli. Chemical Science Review and Letters, 7(25), 262-271.

Kaushal, M., Sharma, K. D. S., & Attri, S. (2013). Effect of blanching on nutritional quality of dehydrated colocasia, Colocasia
esculenta (L.) Schott leaves. Indian Journal of Natural Products and Resources, 4(2), 161-164.

Koca, N., Karadeniz, F., & Burdurlu, H. S. (2007). Effect of pH on chlorophyll degradation and colour loss in blanched green peas.
Food Chemistry, 100(2), 609-615.

Lide, D. R. (2009). CRC Handbook of Chemistry and Physics. 90th Ed. CRC Press.

Martins, N., Roriz, C. L., Morales, P., Barros, L., & Ferreira, I. C. F. R. (2016). Food colorants: Challenges, opportunities and current
desires of agro-industries to ensure consumer expectations and regulatory practices. Trends in Food Science &
Technology, 52(1), 1-15.

Oberhuber, M., Berghold, J., Breuker, K., Hortensteiner, S., & Krautler, B. (2003). Breakdown of chlorophyll: a nonenzymatic reaction
accounts for the formation of the colorless
Academy of Sciences, 100(12), 6910- 6915.

Obédn, J. M., Castellar, M. R, Alacid, M., & Fernandezalopez, J. A. (2009). Production of a red-purple food colorant from Opuntia
stricta fruits by spray drying and its application in food model systems. Journal of Food Engineering, 90(4), 491-479.

Prangdimurti, E., Muchtadi, D., Astawan, M., & Zakaria, F. R. (2006). Kapasitas Antioksidan Dan Hipokolesterolemik Ekstrak Daun
Suji. Bogor Agricultural University.

Rahayuningsih, E., Pamungkas, M. S., Olvianas, M., & Putera, A. D. P. (2018). Chlorophyll extraction from suji leaf (Pleomele
angustifolia Roxb.) with ZnCl, stabilizer. Journal of Food Science and Technology, 55(3), 1028-1036.

Ryan-Stoneham, T., & Tong, C. H. (2000). Degradation kinetics of chlorophyll in peas as a function of pH. Journal of Food Science,
65, 1296-1302.

Salama, M. F., & Moharram, H. A. (2007). Relationship between colour improvement and metallo-chlorophyll complexes during

“nonfluorescent” chlorophyll catabolites. Proceedings of the National

blanching of peas and broccoli. Alexandria Journal of Food Science and Technology, 4(2), 11-18

Sarabandi, K., Jafari, S. M., Mahoonak, A. S., & Mohammadi, A. (2019). Application of gum Arabic and maltodextrin for encapsulation
of eggplant peel extract as a natural antioxidant and color source. International Journal of Biological Macromolecules,
140(1), 59-68.

Schwartz, S. J., & Lorenzo, T. V. (1990). Chlorophyll in foods. Food Science and Nutrition, 29(1), 1-17.

Senklang, P., & Anprung, P. (2010). Optimizing enzymatic extraction of Zn-chlorophyll derivatives from pandan leaf using response
surface methodology. Journal of Food Processing and Preservation, 34(2010), 759-776.

Sigurdson, G. T., Tang, P., & Giusti, M. M. (2017). Natural colorants: food colorants from natural sources. The Annual Review of
Food Science and Technology, 8(1), 261-280.

Skutnik, E., Rabiza-Swider, J., Wachowicz, M., & Eukaszewska, A. J. (2004). Senescence of cut leaves of Zantedeschia aethiopica
and Z. elliottiana. Acta Scientiarum Polonorum Hortorum Cultus, 3(2), 57- 65.

Sturm, L., Crnivec, I. G. O., Isteni¢, K., Ota, A., Megusar, P., Slukan, A., Humar, M., Levic, S., Nedovi¢, V., Koping, R., Dezelak, M.,
Gonzales, A. P., & Ulrih, N. P. (2019). Encapsulation of non-dewaxed propolis by freeze-drying and spray-drying using gum
Arabic, maltodextrin and inulin as coating materials. Food and Bioproducts Processing, 116(2019), 196-211.

Suzuki, T., Kunieda, T., Murai, F., Morioka, S., & Shioi, Y. (2005). Mg-dechelation activity in radish cotyledons with artificial and native
substrates, Mg-chlorophyllin a and chlorophyllide a. Plant Physiology and Biochemistry, 43(5), 459-464.

Tonon, R. V., Brabet, C, & Hubinger, M. D. (2008). Influence of process conditions on the physicochemical properties of acai
(Euterpe oleraceae Mart.) powder produced by spray drying. Journal of Food Engineering, 88(3), 411-418.

Tonucci, L. H., & von Elbe, J. H. (1992). Kinetic of the formation of zinc complex of chlorophyll derivatives. Journal of Agricultural
and Food Chemistry, 40(12), 2341- 2344,

Wagner, L. A., & Warthesen, J. J. (1995). Stability of spraydried encapsulated carrot carotene. Journal of Food Science, 60(5),
1048-1053.

Weber, B., Wessels, D. C. J., Deutschewitz, K., Dojani, S., Reichenberger, H., & Bidel, B. (2013). Ecological characterization of
soilinhabiting and hypolithic soil crusts within the Knersvlakte, South Africa. Ecological Processes, 2(1), 1-13.

Woolf, M. L. (1979). Pigments. In Priestley R. J. (Ed.), Effect of Heat Processing on Food Stuffs, pp. 76-120. Applied Science
Publishers Ltd.

Zhang, J. H., Han, C., & Liu, Z. H.. (2009). Absorption spectrum estimating rice chlorophyll concentration: preliminary investigations.
Journal of Plant Breeding and Crop Science, 1(5), 223-229.



King Mongkut’s Agr. J. 2025 : 43 (3) : 403 - 409 NTEATNBATHIZAOUNAT 2568 : 43 (3) : 403 — 409

Jadeiilinasianl1udan1snsdadiun1sugnaademaunvaunynins
lugnegnunside JminaTasing
Factors Affecting the Need to Extension the Cultivation of Mung Bean after Rice
Production for Farmers in Utumpornphisai District, Sisaket Province
25581 FaiAn?, w35eud Fszans! wavduiies Kedanidanit”
Junya Singkum®, Nareerut Seerasarn' and Intion Wongsahawiwat'"

Received date: 6 1l.4. 67 Revised date: 10 W.8.. 67 Accepted date: 25 W.¢. 67
DOI: https://doi.org/10.55003/kmaj.2025.06.23.009

UNANEYD
mﬁ%ﬂ%ﬁyﬁi’mqﬂwadﬁl,ﬁaﬁﬂm 1) mia'qLa?umiﬂqﬂﬁu%mﬁam 2) Yasuiifinanonnudoinis
m‘aduﬁ%umiﬂqﬂﬁ’;L?Jﬂmé“wmaz 3) i’]ﬁgmLLaxsz’J'aLauaLLuzLﬁmﬁ’umiﬁaLﬁ%ﬂﬂﬁﬂgﬂﬁaﬁmwé’dm Uszansiidne
Ao inwmsnsfugniaudemdsuniitunsdoululingn 2566 way 2567 SunegyuNside Swinedanny $1uau 200 119
Tnefvunvuinmegalagldans ved Taro Yamane fiszsumnudetufi 95% Ieuunangudiedns 134 918 gudiogns
wuude Wuteyalnglduuuduneel warinneideyalasmeimnud afesas Aade drudonuunnsgu wagns
AATIEVANNBELTINY NaN1TITNUI 1) Lﬂwmﬂﬁﬁmmé}’mmimﬁﬁaLa'%umiﬂgﬂﬁl’aL%aﬂuszé’umﬂ 2 Uszidu laun
TnsduaSuLUUIEYAng TnesesnsnisBeudouiituniolsu WAEIBNTAUASUUUUNGY LNYATNIABINITNSANY
AULarN1sUITEYY 2) ﬁﬁ]ﬁ’ﬁlﬁﬁmaﬁiamiﬁua?uﬂﬂﬁﬂ@ﬂﬁalﬁmué’wwmLmﬁmﬂi wuan ldfifulsdasslaidl
AnwdutusetnafidedAdmneadaniszdu 0.05 Ao le 91y sedunsAne Uszaunsallunisgnandes nslésy
Asinausy kseuluasiseu 'ﬁuﬁﬂgﬂﬁnmﬂ ﬁuﬁﬂqmﬁaﬁmué’mw G’Tunumiﬂqﬂﬁaﬁm swlé’mﬁlamﬂmﬁﬂguiﬂ%
e uandnaiy lifinasiomsUgninTemdmnvesnuninsuas 3) inwnsnsiitywilussduann duanufiferiuiugi
Fen weluladwdansifuien Lmﬁmﬂsﬁ%muaLLuzﬂaiﬁm'ﬁmmju;:J"dqﬂé"at.%m fuwdaaSeud Lﬁ@ﬁhﬁ;ﬂﬁ%ﬁ a15m
LLanguﬂJaqmwaﬂﬂuﬁuﬁ
Fdnfey: ANFDINs Msdaaiy fvmszgads n1sugniivvdan

Abstract

The objectives of this research were to study 1) the extension of mung bean after rice production the
knowledge of beekeeping, 2) factors affecting the need to extend the cultivation of mung bean after rice
production, and 3) problems and suggestions for extension of mung bean after rice production. The studied
population consisted of 200 farmers who implemented mung bean extension after rice production and
registered with the Department of Agricultural Extension in the crop year of 2023 and 2024 in Utumpornphisai
District, Sisaket Province. Using Taro Yamane’s formula with a 95% confidence level, the sample size was
determined to be 134 farmers. For simple random sampling, data collection was conducted through interviews,
and data were analyzed using frequency, percentage, mean, standard deviation, and multiple regression
analysis. The results indicated the followings: 1) The farmers had a high level of extension needs for mung bean
cultivation in 2 areas, namely, individual extension, which requires a visit to their home or farm, and group
extension, which requires study tours and conferences. 2) For factors affecting mung bean after rice production
for farmers, it was found that there were no independent variables with a statistically significant relationship at
the 0.05 levels. This means that difference in age, education level, experience in growing mung beans,

experience in training, household labor, rice growing area, mung beans planting area behind rice fields, cost of
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growing mung beans, and average income from growing mung beans did not affect farmers growing mung beans
behind their rice fields and 3) The farmes had problems at a high level regarding knowledge about mung bean
varieties and post-harvest technology. They also suggested that there should be a group of mung bean growers
and a learning plot arranged as a learning center to demonstrate and view the work of the farmers in the area.
Keywords: needs, extension, legumes planting crops, planting crops after rice fields
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Table 1 Farmers' overall views on the need to promote post-field mung bean production

Items Mean (S.D) Level Ranking
1. Knowledge 3.24 0.850 moderate 1
2. Support 3.21 1.300 moderate 2
3. Extension methods 3.17 0.976 moderate 3
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Table 2 Mean and standard deviation of variables used in the binary logistic regression analysis

Variable Mean SD.

Independent variable

X1 = Age (Years) 56.39 8.623
X2 = Education level (Years) 2.51 1.194
X3 = Experience in growing mung beans (Years) 3.10 1.785
X4 = Receiving training (Times/Year) 1.04 0.208
X5 = Household labor (People) 2.47 0.763
X6 = Area of rice cultivation (Rai) 14.68 6.214
X7 = Mung bean planting area behind rice fields (Rai) 3.50 1.946
X8 = Cost of growing mung beans (Baht/rai) 805.60 299.123
X9 = Average income from growing mung beans (Baht/rai) 1,231.49 432.747

Dependent variable

Y = Extension needs of the cultivation of mung beans after rice fields. 3.19 0.747
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Table 3 Analyze the relationship of variables of Mung bean cultivation after rice for farmers

Regression t Sig
Variable
coefficient (b)

Constant 4.192 4.871 .000
X; = Age (Years) -.010 -1.079 .283
X, = Education Level (Years) -.124 -1.604 111
X5 = Experience in growing mung beans (Years) 015 369 713
Xq = Receiving training (Times/Year) 184 538 592
X5 = Household labor (People) -.165 -1.841 .068
Xe = Area of rice cultivation (Rai) -.001 -.086 932
X; = Mung bean planting area after rice fields (Rai) .027 .758 .450
Xg = Cost of growing mung beans (Baht/rai) .000 -1.389 167
X, = Average income from growing mung beans (Baht/rai) .000 1.368 174

R*=0.081 SEE=0.741 F=1212 Sig. of F=0.293
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- 0274 X,y - 0251X, - 0.155X,,
(-2.688) (-2.674) (-1.509)
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Table 4 Farmers' overall the problems in extension of the cultivation of mung beans after rice fields

ltems Mean (S.D) Level Ranking
1. Knowledge 3.54 0.510 Hight 1
2. Support 3.44 0.720 The Most 2
3. Extension Methods 3.27 0.600 Moderate 3
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Table 5 Farmers' overall recommendations for the extension of the cultivation of mung beans after rice fields

Items Mean (S.D) Level Ranking
1. Knowledge 3.58 0.510 Hight 1
2. Support 3.49 0.720 Hight 2
3. Extension Methods 3.39 0.563 Moderate 3
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Abstract

The objectives of this research were to study 1) personal factors, economic factors, and exposure to
news about smart farms; 2) compare the adoption of a precision agriculture and smart farms system
(HandySense) classified according to personal factors, economic factors, and news exposure factors; 3) compare
personal factors, economic factors, media exposure about smart farm and acceptance of precision agriculture
and smart farm system (HandySense) of farmers; and 4) problems and suggestions. The sample consisted of
223 Nam Dok Mai mango farmers. Accidental sampling and data were collected using questionnaires. Statistics
employed included mean, standard deviation, frequency, percentage, minimum and maximum. Hypotheses
were tested using t-tests and F-tests. The results of the study revealed that the farmers were female, had an
average age of 57.1 years old, attended secondary school for educational level, were married, had a family of
4 people, had an average cultivation experience with Nam Dok Mai mangoes of 21.7 years, had an average
planting area of 2.2 rai, had an average yield of 446.4 kilograms/rai/year, had an average income from sales Nam
Dok Mai mangoes at 33,569.5 baht/year/person, had an average production cost of 3,337.3 baht/year, and had

an average labor of 2 people. Farmers received information about Smart Farming from personal media via
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agricultural extension officers, from activity media via training, from mass media via television, and from social
media via YouTube. Farmers' acceptance of the precision agriculture system (HandySense) overall average is at
a high level. The hypotheses testing found that age, educational level, marital status, experience in growing
Nam Dok Mai mangoes, and media exposure to smart farming from personal media, mass media, and social
media were different in terms of farmers' adoption of the precision farming system and smart farming
(HandySense) at a statistically significant level (P<0.05). The problem and suggestion are that HandySense
requires a high investment and is suitable for growing mangoes in the early stages. Thus, the government should
provide guidance on its use so farmers can better understand and correctly and consistently employ the system.

Keywords: precision agriculture systems smart farm, Nam Dok Mai mango, exposure to news, adoption, Bangphli
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Table 1 Number of the registered population of Nam Dok Mai Mango and number of sample sizes classified by

sub-district
No. Sub-district Population Samples
1 Bang Phli Yai 50 22
2 Bang Kaeo 56 25
3 Bang Pla 177 78
4 Bang Chalong 125 55
5 Racha Thewa a4 20
6 Nong Prue 51 23

Total 503 223
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Table 2 Overall adoption of precision agriculture systems smart farm (HandySense)

(n=223)
Overall adoption of precision agriculture X S.D. Level of
systems smart farm (HandySense) adoption

1. Perceived Ease of Use 3.94 0.41 High
2. Perceived Usefulness 3.77 0.43 High
3. Attitude toward using 3.70 0.42 High
Overall 3.80 0.42 High

X =4.21 - 5.00 means highest level of adoption
X = 3.41 - 4.20 means high level of adoption

X = 2.61 - 3.40 means moderate level of adoption

X = 1.81 - 2.60 means low level of adoption

X =1.00 - 1.80 means lowest level of adoption
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Table 3 Comparison between personal, factors economic, factors media exposure about intelligent agriculture

and adoption of precision agriculture systems smart farm (HandySense) of farmers

Adoption of precision agriculture systems

Factors smart farm (HandySense)
t-test/F-test p-value
1. Gender 0.591 0.555™
2. Age 25.318 0.000"
3. Education level 29.582 0.000"
4. Status 5.212 0.002”
5. Number of household members 0.275 0.784"
6. Nam Dok Mai Mango planting experience 10.948 0.000"
7. Nam Dok Mai Mango planting area 0.266 0.766™
8. Mango production volume 0.783 0.458™
9. Production cost of Nam Dok Mai Mango 1.587 0.207™
10. Income from selling Nam Dok Mai Mango 0.445 0.776™
11. Number of household workers 0.375 0.688™
12. Hire laborers 1.736 0.091™
13. Source of funds 1.437 0.159™
14. Personal media 3.226 0.023"
15. Activity media 0.337 0.799™
16. Mass media 5.996 0.003"
17. Social media 7.497 0.000”

ns means not statistically significant at the 0.05 level.
* means statistically significant at the 0.05 level.

** means statistically significant at the 0.01 level.
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Abstract

The objectives of this research were to study 1) personal, economic, and social basic information; 2)
knowledge of alternate wetting and drying technology and carbon credits; 3) needs for alternate wetting and
drying technology; 4) differences among information regarding personal information, economic and social
background, knowledge, the needs for alternate wetting and drying technology, and carbon credits; and
5) problems and suggestions for using alternate wetting and drying technology among members of the
Phetchaburi Community Rice Center. The population consisted of 155 members of the Community Rice Center
in Ban Lat District and Mueang Phetchaburi District. The sample size was 111 people. Data were collected using
interviews. It was found that the farmer consisted of more males than females. The average age was 56.91
years. The average number of household members was 4.41 people. The average rice cultivation experience
was 30.87 years. The average number of household laborers who planted rice was 2 people. The average rice
cultivation area was 17 rai. Most rice fields were lowland rice fields. The soil was mostly sandy loam. There was
sufficient water for rice cultivation because irrigation was used. For RD85 variety, the average rice production
cost was 4,476.22 baht/rai/season. The average income from rice cultivation was 5,242.12 baht/rai/season. The
average amount of rice was 813.74 kilogram/rai. The farmer’s knowledge was at a high level. The needs for

motivation, cost reduction, and environment were at the highest average level. The overall problems were at
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the lowest average level. The results of the hypothesis testing found that gender, age, education level, rice
planting experience, number of rice planting laborers in the household, rice field area, season, rice production
cost, and rice selling location had different needs for using alternate wetting and drying technology with
statistical significance at 0.05 and 0.01. There was a problem of lack of knowledge and understanding in selling
carbon credits, and there was a suggestion that water should be released on time and sufficiently for alternate
wetting and dying management. Awareness and understanding about carbon credits should also be promoted.

Keywords: needs, wetting and drying technology, carbon credits, rice production, community rice centers
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pouil 2 Anufineriumaluladilenadunauazasusunsinvasgudtnagusy Smiamesys

amswanufifeaiumealuladidenaduuiauazaivouesinvesannqudtnymuiminmsieglu
seifuan (X =0.79) Wefnsundusedu wud 1) anadesnmmirfuszsezmasiagiviavestnilruslusyiuan
(X = 0.80) 2) waluladnsdansiuuudenasuuieliaudlussduinn (€ =0.82) uaz 3) arsuewashn fnuslu
sEAvN (X = 0.84) fauandlu Table 1

Table 1 Mean (X ) standard deviation (S.D.) and knowledge level on the use of alternate wetting and drying

technology and carbon credit

(n=111)
b S.D. Level of
Knowledge

knowledge
1. Need for water and rice growth stage 0.80 0.336 High
2. Alternate Wetting and Drying Technology 0.82 0.371 High
3. Carbon Credit 0.84 0.353 High
Overall of Knowledge 0.79 0.353 High

poufl 3 anudasnisldmaluladiVenaduuievesaunnguddrgury Swminmusys
seunwdeansliinaluladidenaduuisvesaindnguddnguvu fmiamasys amsiuedsluseduun
fian (X = 4.41) Tnsinwasnsiinnudeansliimaluladilonaduusia Tususnsg fail 1) dudunounisly Tnsaay
Fosnsnaniesiulaesesfutiuiulisuaiiaue wdslussduun (X = 3.86) 2) funssgdla farudosmsdni
ARUANG Lﬂ?ﬂlﬁﬂuizﬁviﬂﬂﬁﬁjﬂ (X = 4.58) 3) unsansiuyu ﬁmmﬁaqmiLﬁuwawﬁmﬁidﬂﬁqﬁu waglusziuunn
ﬁzjfﬂ (X = 4.58) uaz 4) Fudandon ﬁmmﬁmmﬁﬂmqmmwmmmuLaqmﬂImﬁmﬁuﬁw Laﬁaiuizé’fwmﬁqm x =
4.61) muddu fauandly Table 2 danAdasifu Dariwan et al. (2013) Aina1vdn Aanssumsyiunitinsustiuusiile
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Table 2 Percentage mean (X ) standard deviation (S.D.) and needs level on the use of alternate wetting and

drying technology and carbon credit

(n=111)
Need for Alternate Wetting and Drying X S.D. Level of Need
Technology
1. Steps to use 3.86 0.773 High
2. Motivation 4.58 0.676 Very High
3. Reduce cost 4.58 0.459 Very High
4. Environment 4.61 0.576 Very High
Overall of Need for Alternate Wetting and Drying 4.41 2.484 Very High
Technology

aoufl 4 JywuazdaiauauuzdenisldinaluladUenaduudie

dgymnsltinaluladidonaduuisvesaundnguddiyuvy fwmiamusy3 Tnesuedvegluszdudes
(X =0.78) Tneinunsnsitymnisidmeluladidonaduuis dunswieufulaenislussdudos (J? =0.66) A1UN1T
wmaﬂﬂim Tnendeluszautios (X =0.39) mumsmmma‘uﬂsm Tnowdeluszaution (X =0.16) fuduneunisinnis
dhuuuilenaduwis Tasedelusedution (X =0.59) drunisldusenu Tnsaslusedudos (X =0.46) wasduane
asusumshniaeiadslusyiuinn (X =2.40) puainu Aaanslu Table 3 Lﬂ‘wmﬂﬁuﬂzgmﬂﬁzmummgmmﬂumﬂﬁj
wealuladilenaduuiuazafusuasinvesguddnyurudiminnysysluseauinn Jelauaiuzinunsnsiianusiaans
nsldnumalilafidenaduniusmsinsdesilinsdnaniolfmsianshivssansam wasmisnuniedy
‘vi'%‘amﬂLaﬂsuuﬂaiﬁmsﬁﬂmqmiﬂﬂamw%a@mumﬂ%’mdﬂa§Lﬂsmaa“uLLﬁdLﬁaa'dLa'%umia%’wmfuaumsﬁm
@onAaeInNU Phuttharatraksa, P., &L eknoi, U. (2021)1uﬂ"1um5§m§gaqﬂﬂﬁfﬁ waz) Frudunsunissanisiiuuuden
aduuiis finan1in inemsnsianuaszwinluidewesmuldadududounedsnisinidesannsviundenaduus
annsovhldhelaidudeud tuneulunsvindeslsigan

Table 3 Percentage mean (X )standard deviation (S.D.) and problems on the use of alternate wetting and drying

technology and carbon credit

(n=111)
Problems X S.D. Level of Need
1. Soil preparation 0.66 0.849 Less
2. Equipment preparation 0.39 0.633 Less
3. Equipment installation 0.16 0.416 Less
4. Alternating wetting and drying management 0.59 0.755 Less
procedures
5. Labor 0.46 0.723 Less
6. Carbon credit sales 2.40 1.003 High
Overall of Problems 0.78 0.661 Less

nan1AnTeanafgulun1ide

nmsinInu inasnsiiifeyanugiudmyans feu uazasvgifunnmeiuiianudomnislinalulad
Jenaduuiuansneiu wazineasnsidimawansiulianugesnsldmaluladidonaduuisnudunounisldunnsig
iy (p<0.01) ﬁaumwmmﬁﬁmqLmﬂm'Nﬁuﬁmmﬁmmﬂ%malﬂaﬁLflaﬂaé’uLw’fqvﬁ’wmﬂgumaumﬂ%mmhdﬁ’u
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(p<0.01) inwnsnsidivszaumsailunisugndraunnsnstuiinudesnisldinaluladiBonaduuiadutuneunisld
wane19iu (p<0.01) Ysgaunisalugndruansnsiudanudesnisidmalulagilonaduuienuusegslawnneneiu
(p<0.01) FmuauBnluasiseunandniuianudesnisldmaluladilonaduuranuusegdda sunisandunu wag
Fudndeuuananaiy (p<0.01) ufuuanseiuiaudonisldineluladidenaduuivutunounsidunnsng
i (p<0.05) mwLLwéﬁﬁwﬁisﬁumiﬂqﬂ%’nmaamqamamémmﬂGhdﬁ’uﬁmméfadmﬂ%mwiuiaﬁﬁﬂﬂaé’ULLﬁnﬁwumﬁ
anAunULANFeiY (p<0.05) ﬁunumﬁﬂqﬂsﬁnLLmﬂGiNﬁ’uﬁmmﬁaamﬂ%mﬂiu‘[a@l,%ﬂaé’ULLﬁqﬁm%umaumﬂ% AU
159919 wazgsunsandunuuAnesty Inwesnsfifantuiismunednuandaiuiinnudoinisldnaluladidenadu
wiesinunsagsle uazsunsanduu uagsudwindeuuansaiy fauandy Table 4 aonndpsiuuitoves
Kamnerd (2014) Anudaan1sluaiuusegsla seaud mnineasnsilanuaulanaluladdasdmadoninudenis
annsoduindeuliAnmsuiuselomitagnssuimnueindglunsldanuls

Table 4 Comparison of the average demand for wet-dry alternating technology among members of the
community rice center, Ban Lat District and Mueang Phetchaburi District, Phetchaburi Province
(n=111)
Need for Alternate Wetting and Drying Technology P-value Significance

Steps to use
Gender
Male 0.000" Sig.
Female
Age
38-55 years 0.018" Sig.
56-72 years
72 years or more
Rice cultivation experience
5- 18 years 0.005** Sig.
19 - 32 years
33 - 46 years
46 years or more
Characteristics of rice fields
Inland 0.046* Sig.
Depressed
Rice production cost
3,900 baht or less 0.000" Sig.
3,901 - 4,600 baht
4,601 - 5,300 baht
5,301 - 6,000 baht

Motivation

Rice cultivation experience
5 - 18 years 0.006** Sig.
19 - 32 years
33 - 46 years
46 years or more
number of household members who are laborers in rice cultivation
1 person 0.001** Sig.




a24 MIASNYATNTTIVUNG 2568 : 43 (3) : 418 — 426

Need for Alternate Wetting and Drying Technology P-value Significance

2 person
3 person or more
Rice production cost
3,900 baht or less 0.017* Sig.
3,901 - 4,600 baht
4,601 - 5,300 baht
5,301 - 6,000 baht
Rice sales locations
Rice mill 0.003" Sig.
Rice fields
Agricultural cooperatives
Middleman
Other

Reduce cost
Education level
Below primary school 0.027" Sig.
Elementary school
High school, Vocational Certificate, Bachelor’s Degree
Number of household members who are laborers in rice cultivation
1 person 0.000" Sig.
2 person
3 person or more
Condition of water sources used for rice cultivation throughout the
production season
Sufficient 0.024" Sig.
Partially sufficient
Insufficient
Rice production cost
3,900 baht or less 0.033" Sig.
3,901 - 4,600 baht
4,601 - 5,300 baht
5,301 - 6,000 baht
Rice sales locations
Rice mill 0.000" Sig.
Rice fields
Agricultural cooperatives
Middleman
Other

Environment

Number of household members who are laborers in rice cultivation
1 person 0.003" Sig.
2 person

3 person or more
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Need for Alternate Wetting and Drying Technology P-value Significance

Rice sales locations
Rice mill 0.000" Sig.
Rice fields
Agricultural cooperatives
Middleman
Other

*Significance level at 0.05

**Significance level at 0.01
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Abstract

This study was aimed at surveying consumer’s opinions about marketing mix affecting the choice of buying
organic rice and to analyze the differences in demographic factors affecting consumer opinions about marketing mix
affecting the choice of buying organic rice. The study area was located at Luang Nuea Sub-District, Doi Sa Ket District,
Chiang Mai Province. Data were collected from 400 questionnaires for buyers of organic rice in Luang Nuea Sub-
District. In data analysis, opinion levels were analyzed by average and standard deviation, and different personal
affecting consumer opinions were analyzed by ANOVA. The result indicated that the marketing mix with the
maximum average opinion was product, and the subsequent average opinions were price, place, and promotion,
respectively. Different factors also influence consumer opinions about marketing mix affecting the choice of buying
organic rice at a statistically significance level of 0.05, namely, residence, age, education, married status, occupation,
and incomes.

Keywords: organic rice, opinion, marketing mix, consumer
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Table 1 Demographic factors of respondents
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Demographic Factors Number Percent Demographic Factors Number Percent
1. residential areas 2. sex
Luang Neua Sub-District 223 55.75 Female 185 46.60
Others 177 44.25 Male 198 49.87
Others 14 3.53
Total 400 100 Total 397 100
3. age 4. status
Under 18 years 2 0.51 Single 157 39.45
18-29 years 97 24.49 Married 194 48.74
30-39 years 74 18.69 Divorced 38 9.55
40-49 years 81 20.45 Widow 9 2.26
50-59 years 107 27.02
more than 59 years 35 8.84
Total 396 100 Total 398 100
5. education 6. occupation
Primary school/equivalent 119 30.13 Government/state enterprise employers 73 18.30
Primary high 24 6.08 Private company employers
school/equivalent Secondary high Sellers 45 11.28
school/equivalent 31 7.85 Freelance 24 6.02
Diploma/equivalent Farmers 62 15.54
Undergraduate 31 7.85 General work 21 5.26
Postgraduate 151 38.23 Business 95 23.81
39 9.87 Others 13 3.26
66 16.54
Total 395 100 Total 399 100
7. salary
Less than 3,000 baht 10 2.51
3,001-6,000 baht 52 13.07
6,001-9,000 baht 123 30.90
9,001-15,000 baht 102 25.63
More than 15,000 baht 111 27.89
Total 398 100
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Table 2 The level of opinion on factors of marketing mix affecting demand for buying organic rice, Luang Neua
Sub-District, Doi Sa Ket District, Chiang Mai Province

Marketing mix Average S.D. Level of opinion
1. Product 4.02 0.86 High
Believe in no using chemical substances 4.04 1.09 High
Varieties of organic rice species 391 0.71 High
Attracted packaging of organic breed 3.76 0.94 High
Giving details on labels about advantage and nutritional value 3.81 1.01 High
Labelling standard certification of organic rice 3.88 1.09 High
Having many processed products 3.88 0.82 High
Tasty and delicious organic rice 4.23 0.75 High
Cooked organic rice soft and fragrant 4.22 0.79 High
Advantage of organic rice for health 4.38 0.74 High
Be able to use as a component of herbs 3.88 0.79 High
Be able to use as a gift 4.25 0.77 High
2. Place 3.78 1.04 High
Easy to buy in market or shop nearby 3.89 0.98 High
Be able to buy in organic markets 3.85 0.99 High
Be able to order by phone 3.84 0.99 High
Be able to order by social online 3.63 1.15 High
Be able to buy at farmer home 3.82 0.99 High
Be able to arrange delivery 3.62 1.14 High
3. Price 3.81 1.01 High
Provide worthy price for purchase 3.93 0.90 High
Clear price on label 3.86 1.05 High

Having different prices for buyers 3.80 0.97 High
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Marketing mix Average S.D. Level of opinion
Be able to bargain with buyers 3.63 1.12 High
4. Promotion 3.60 1.14 High
Direct sell from sellers 3.69 0.92 High
Public relations by internet and social online (Facebook, Line) 3.60 1.15 High
labelling farms and contact 3.65 1.07 High
Organizing learning activities about organic rice cultivation 3.61 1.05 High
Providing discount 3.68 1.20 High
Providing sample product 3.69 1.20 High
Giving free products 3.58 1.26 High
Providing product testing 3.71 1.14 High
Providing accumulate points 3.19 1.29 Moderate
Total 3.80 1.01 High

anuuanisvasladeduyanafifidenufniiudutadedulszaunianisaaiaiiiinasenisidend1adunsd
NANNSILATIZUUITIAIUAIUU TLAUNIINITAANNNTNAABAIUADINITTBVIIDUNTTIINANLRALAUAALITIUYD
vilnadutladediuyana dvlunansly Table 3 wuin AnuAaiududafeduUszaunansaaiafidsenisidendedn

N cal '

dunidiianuuansinsiunuadvdiuyanasgniidedAyneatanszdu 0.05 lnsauuansvesdadediuyanaiise

D) e

1%

Hadusudnlsraumensaanadiinadonudesnisdedndunidvesivaaianie dun ﬁagﬁawﬁa 918 TLAUNIANY
anunmaNsa e1Tw wazszuseld dauneidliunnsinety sgrdlsfinny Srijam et al. ( 2015) Wu31 818 TLAUNIANY
anunmausa 013n uazeldoidiou vesffuslandiduridlunsurmumunsuasUSuamaiunnsisiudsrasiotadudiy
Uszaumnan1saanafiuananeiu Tuﬁ’maaLﬁ&nﬁ’umamsﬁﬂmdauﬂﬁsawwmsmmmﬁﬁ@w%wa&iaQU%IM%’%SW%&T%W%
guyuiuiise Jminguasiveiil wudw@u’%‘[mﬁﬁmqLmﬂ&mﬁ’uﬁmmﬁmLﬁuLLmﬂﬁiNﬁ’uﬁiawﬁmﬁm%LLamﬁmsﬂ'ﬂa@w%ﬁ
UANANNAU mmgﬁﬁﬁimﬁﬁﬁwiﬁﬁiaLﬁa‘uLLmﬂﬁmﬁ’uﬁmmﬁﬂLﬁuﬁiasdmwmmﬁmﬁmmmmzqmﬂWWﬂWiU%ﬂWiLLmﬂﬁiwqﬁ’u
(Promcharoen and Harasam, 2024) wsnileani Phitthayaphinant (2024) §anuiadefidsmadsuansenisléinglunis
%@%ﬁﬁuw%ﬁmiqqdﬁquiﬁwﬁmqa Idun ondnmdn s19le Jamauaim Yiunatndunisivssglugs dmdunansised
WU ﬁmwLmﬂshaasmﬁﬁaﬁwﬁ’zgmdaaamadﬁag'mﬁasuawﬁuﬁm%a%w%%aﬁﬁaﬁwudauﬂizzawwmsmmmﬁﬁwaﬁia
ALdBINsT o BUNIE Imaﬂuﬁaajmﬂuﬁ’mamamﬁaﬁmmﬁmL‘ﬁum'ai’ja]%"&Ja"guU'ﬁza;mNmimmmmmdmuuaﬂﬁwa
aanile ?qﬁuamﬁdmmﬁwLﬁﬂumﬁmmsa'auﬂsz:awNmimmmﬁﬁmﬁwﬁa5«%1@QU%I:]m’fnﬁuﬁ&?ﬁagiﬂwiuﬁ'ma
1INATIUBNFIUA ﬁﬂﬁgdé’aéfmﬁwﬁﬁﬁmsﬁwLauawﬁmﬁm%ﬁmmﬂumaﬁwﬁumnmdu é’mﬁmmmnmmLLmﬂﬁhwaqmq
JEAUNSANY daunImaNsa 079w wagsielavesuilana I(ﬂEJLQW’ISE]EJ"NSJQU%II]WUI’NEYIE! 40-49 U fszaAunsAnuszau
froufnwimeusuniefisuwin fanugmiine derdniurvnisuasigiamia wasdseldsening 6,000-9,000 um Tl
ﬂ'wLaﬁ&JmmﬁmLﬁuﬁwui’]ﬁ]%’aﬁauﬂﬁsawwmsmmmmﬂﬁqmaqi’jﬁamuqﬂﬂaL.wiaxéh



King Mongkut’s Agr. J. 2025 : 43 (3) : 427 - 436 433
Table 3 Different demographic factors affecting opinion on marketing mix affecting demand for buying organic rice, Luang Neua Sub-District, Doi Sa Ket
District, Chiang Mai Province
Marketing mix affecting demand for buying organic rice
Personal factors Product Place Price promotion total
X S.D. X S.D. X S.D. X S.D. X S.D. T/F P

residential areas

1. Luang Neua Sub-District 4.14 513 4.00 .640 4.05 .687 3.90 .822 4.03 .576 7.381 .000*

2. Others 3.86 .554 3.47 956 3.49 957 3.22 1.025 3.50 a77

Sex

1. Female 4.07 575 3.79 .864 3.87 .868 3.67 .980 3.85 .743 1.965 .142

2. Male 3.97 517 3.77 .804 3.75 .860 3.56 973 3.76 .693

3. Others 3.92 592 3.40 971 3.48 .840 3.16 1.005 3.48 770

Age

1. Under 18 years 3.95 578 3.75 .589 3.87 .530 3.88 314 3.86 .503 12.515 .000*

2. 18 - 29 years 3.78 .633 3.21 1.101 3.32 1.019 3.01 1.135 3.32 .865

3. 30 - 39 years 4.18 .491 3.94 .829 391 .869 3.73 1.028 3.94 731

4. 40 - 49 years 4.15 .509 4.04 .566 4.00 .824 3.81 932 3.99 .636

5. 50 - 59 years 4.01 .483 3.88 .589 3.98 .635 3.83 .670 3.93 .490

6. More than 60 years 4.04 .508 4.02 424 4.00 573 3.81 .620 3.97 .449

Education

1. Primary school/equivalent 391 .455 3.87 467 3.90 587 3.68 .560 3.84 .408 3.768 .002*

2. Primary high school/equivalent 4.33 .440 4.09 518 4.25 .607 4.12 171 4.20 .482

3. Secondary high 4.23 557 3.98 .869 3.98 1.058 3.87 1.220 4.02 .870

school/equivalent

4. Diploma/equivalent 4.11 617 3.85 .826 3.81 903 3.54 1.181 3.84 .820

5. Undergraduate 3.96 .589 3.58 1.047 3.61 966 3.39 1.120 3.63 .843

6. Postgraduate 4.12 .549 3.81 .836 3.89 934 3.76 935 3.89 .719

Status

1. Single 391 .609 3.50 1.050 3.60 998 3.32 1.101 3.58 .849 10.010 .000*

2. Married 4.10 .496 397 .600 3.93 758 3.83 .864 3.96 .598
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Marketing mix affecting demand for buying organic rice
Personal factors Product Place Price promotion total
X S.D. X S.D. X S.D. X S.D. X S.D. T/F P
3. Divorced 3.93 .457 3.76 .588 3.83 .624 3.42 619 3.72 .422
4. Widow 4.38 519 4.33 424 a.44 .609 a.24 779 4.35 .539
Occupation
1. Government/state enterprise 4.16 4Tt 4.04 713 4.00 122 3.94 .r45 4.04 571 9.769 .000*
employers
2. Private company employers 4.17 .500 3.88 718 3.81 .949 3.65 1.110 3.88 769
3. Sellers 4.12 .443 4.00 .663 4.04 .907 3.80 .924 3.99 .644
4. Freelance 3.97 .510 391 .681 3.96 707 3.67 .805 3.88 .601
5. Farmer 4.24 .581 4.11 .580 4.02 .838 3.64 1.247 4.00 751
6. General work 3.97 .495 3.82 .561 3.84 702 3.72 741 3.84 .522
7. Business 4.18 .568 3.84 .869 3.82 .850 3.61 972 3.86 752
8. Others 3.70 .648 2.98 1.127 3.22 1.053 2.87 1.143 3.18 871
Salary
1. Less than 3,000 baht 3.76 616 3.48 .650 3.72 711 3.44 755 3.63 .601 7.421 .000*
2. 3,001 - 6,000 baht 3.87 .640 3.05 1.088 3.28 1.063 3.14 1.142 3.30 .849
3. 6,001 - 9,000 baht 3.98 .480 3.92 .560 3.97 .628 3.71 670 3.91 .485
4. 9,001 - 15,000 baht 4.00 615 3.78 .909 3.82 .932 3.57 1.166 3.79 .838
5. More than 15,000 baht 4.15 484 3.92 759 3.85 .866 3.72 970 3.90 .691

Note : differences at significance level 0.05
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Abstract

Hard soil has a soil texture that is compacted parallel to the soil surface, with a depth that varies from
area to area, affecting plant growth and yield. This research aimed to study the process and development of
the innovation of subsoiler for pineapple planting in Ban Ka Subdistrict by using the process of participatory
action research (PAR) and demonstration field. The sample group of 100 stakeholders was selected by purposive
sampling methods. The data were collected by using questionnaires and participatory activities. The statistics
used for data analysis were frequency, percentage, mean, and descriptive content. The results showed that
tillage was the main process that all farmers implemented, but the tillage tools were different, with an average
cost per rai of 2,400 - 3,889.65 baht and an average total area of 1,296.55 baht/rai. The subsoiler innovations
for pineapple planting in Ban Kha Subdistrict consisted of 2 models: 1) Using a 2-legged ripper (leg spacing of
50 centimeters) 4 times along the X and Y axes at a depth of 50 centimeters. This model was suitable for steep
areas with a layer of rocks underground. The cost was 901.15 baht/rai higher than the traditional tilling process.
2) Using a 3-legged ripper (leg spacing of 20 centimeters) 2 times along the X and Y axes at a depth of 50
centimeters. This model was suitable for areas with a gentle slope and a small layer of rocks underground. The

cost was 367.82 baht/rai higher than the traditional tilling process. In terms of efficiency, it was found that costs
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of various processes could be reduced, including weed control processes, yield maintenance, and plot watering
processes by an average of 1,100 baht/rai/1 production cycle. The models increased underground water storage,
balanced the root system, reduced the skilled workers, increased income, reduced chemical substance
utilization, and increased water retention between the leaves.

Keywords: soil preparation, hard soil, Ratchaburi, soil blasting pattern, Ban Kha pineapple
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Table 1 The main behaviors that farmers do or practice are the same. (N = 50)

The costs of Average /
The main behaviors that farmers do or practice are the same pineapple planting 1 Pineapple

(baht/rai.) shoots
1 Pineapple shoots 2,553.33 0.39
2 Pineapple planting 1,978.22 0.30
3 Preparing raw materials and soil 1,296.55 0.20
il Spin old rootstocks Pineapple /weeds 701.15 0.11
5 Control of root and stem rot Pineapple 417.70 0.06
6 Weeding activities 4,505.00 0.69
7 Fertilizing activities 6,291.84 0.96

Pineapple covering activities (are for protecting the skin of
8 . ) 717.59 0.11
the pineapple fruit to not be burned by the sun)

9 Harvesting activities 2,131.78 0.33
10 Irrigation and drainage 987.36 0.15
Together (1-10) 21,580.52 3.30
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Table 2 Details and costs of preparing raw materials and soil

Difference from the Difference from the
The costs of pineapple planting

. general format general format
(baht/rai.) . .
in 1 year in 3 year
Items . . . . . .
Using a Using a Using a Using a Using a Using a
general
2-legged  3-legged 2-legged  3-legged 2-legged 3-legged
pattern . . - . - .
ripper ripper ripper ripper ripper ripper
- Total cost 1,296.55  4,000.00 2,400.00  2,703.45  1,600.00 901.15 533.33
- At a depth
. 30.00 50.00 40.00 20.00 10.00 20.00 20.00
(centimeter)
- Frequency (times) 1.00 4.00 2.00 3.00 1.00 1.00 1.00
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Table 3 wag Figure 2

Table 3 The subsoiler process for pineapple planting in Ban Kha subdistrict

Pattern 1 Pattern 2
General Pattern
List (15 rai) Two-tine ripper Three-tine ripper
rai
operation (15 rai) operation (15 rai)
1. weed control process, 2,200 baht/rai/ 1,200 baht/rai/ 1,000 baht/rai/
yield maintenance and 1 production cycle 1 production cycle 1 production cycle

plot watering processes

2. reduce the skilled 1,000 - 1,500 baht/rai 1,500 - 2,500 baht/rai 1,500 - 2,500 baht/rai
workers, increasing

income

3. reduce chemical 1,100 Baht/time 340 Baht/time 340 Baht/time

substance utilization

a) b) o)

Figure 1 The subsoiler process for pineapple planting in Ban Kha subdistrict in terms weed control process,

yield maintenance and plot watering processes and reduce chemical substance utilization. a) General Pattern,

b) Pattern 1 Using a 2-legged ripper, ¢) Pattern 2 Using a 3-legged ripper.
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a) b) Q)

Figure 2 The subsoiler process for pineapple planting in Ban Kha subdistrict, in terms of efficiency, reduce the
skilled workers and increasing income. a) General Pattern, b) Pattern 1 Using a 2-legged ripper, ¢) Pattern 2

Using a 3-legged ripper.
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ponulditasn 1 auanansavhanld 1 - 15 15/u vi3e 340 - 510 vIn/Tu denrdesiu Wichian and Leknoi (2022)
wui Aumuliannsaneaiuldfenva invasnsiadenldaaailunmsiugAuluiufivewy aufnnisazan
asedlufuiiiutunssiailfaulienuuiuds uasdenlnsuaduiian fuanddu Table 2 uas Figure 3

b)

Figure 3 The subsoiler process for pineapple planting in Ban Kha subdistrict, in terms of efficiency, reduce
chemical substance utilization. a) General Pattern, b) Pattern 1 Using a 2-legged ripper, ¢) Pattern 2 Using a 3-

legged ripper.
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wuRiuns aghliAuuandaulaglidnswaniu Auaansoszuieiuazeinialdd dnadvasani3ldideruuds
Fudutladvddglifuiugduussaiulng duandy Figure 4
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a) b) Q)

Figure 4 The subsoiler process for pineapple planting in Ban Kha subdistrict In terms of increasing underground
water storage balance the root system. a) General Pattern, b) Pattern 1 Using a 2-legged ripper, ¢) Pattern 2

Using a 3-legged ripper.
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Wss snfigndalddniivasydulalaf dunadsfvazantnlilddeduuds viliAnssuusnusniifinuauna fuiugis

laidudne wazldifnaudsnie aalansly Figure 5

Figure 5 The subsoiler process for pineapple planting in Ban Kha subdistrict, in terms of balance the roots

stem. a) General Pattern, b) Pattern 1 Using a 2-legged ripper, c) Pattern 2 Using a 3-legged ripper.

ndgymvesnuldauysaivesiuiugresdulzsnannisasiiufiiudeayavsuinannunitwesdu
na1sty wud Tuwdasdgninlusuiugasiivuanarddulaeade 5 wufwns (@uaintunarsdisiu) Tuvaeinssuiunis
a _a A A ' Yy o ea A a & o qwva & < 3
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wazinzaunarliinuasnslddeusnuniuluas@alaudu vieusiuniuludns daansly Figure 6

a) b)

Figure 6 The subsoiler process for pineapple planting in Ban Kha subdistrict, in terms of increasing water

retention between the leaves. a) General Pattern, b) Pattern subsoiler process.
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Abstract

This research aimed to study the effects of palm oil bunch waste and crab shells on chemical
characteristics in the fermentation process, analyze chemical properties, and complete decomposition by seed
germination test using a completely randomized design (CRD) with 3 replications. consisted of 3 experimental
formulas as follows: Experimental formula 1 (T1) consisted of empty fruit bunch: fermented decanter cake in
the ratio of 4:6 by volume; Experimental formula 2 (T2) empty fruit bunch: fermented decanter cake: fresh
decanter cake: ground crab shells in the ratio of 5:2:2:1 by volume; and Experimental formula 3 (T3) empty
fruit bunch: fermented decanter cake: ground crab shells in the ratio of 4:4:2 by volume. The experimental
results found that experimental formula 2 was the most suitable for producing high quality organic fertilizer. It
has a pH of 7.12, electrical conductivity of 3.76 dS/m, moisture content 17.41 %, organic matter 23.77 %, organic
carbon is 13.82 %, carbon to nitrogen ratio of 11:1, a total nitrogen 3.36 %, total phosphorus 1.18 %, total
potassium 2.32 9%, total sodium 0.08 9%, total calcium 2.07 9%, total magnesium 0.62 %. And the amount of

heavy metals does not exceed the standard criteria for organic fertilizers that are of quality and safe according
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to the Fertilizer Act (No. 2) B.E. 2550 announced by the Department of Agriculture. And the results of the
complete decomposition test by measuring the seed germination index found that it was more than 80 percent,
which it can be used for agricultural purposes without being toxic to plants. The estimation of the cost of
organic fertilizer production at a production capacity of 1,000 kg/day has a production cost value of 2.11 baht/kg.

Keywords: organic fertilizers, wasted, empty fruit bunch, decanter cake, crushed crab shell

AU

msﬂisﬂaum%‘wwNmimwmmmmwmﬂﬂuﬂﬁ]ﬁ;ﬂ’uﬁG’fuvlumiwﬁmiaimmzauﬁummmawémﬁlﬁ LNYATNT
Uszaudulymaniznisuanu esanduyunissdaiias amnansiad winiug Addgsunuannslideniidundn
%ﬁﬂamﬁ%ﬁmmqn%ﬂunﬂﬂLﬁaaﬂfjﬁ]é’]’&Jéfunumiwﬁm?jqﬁwﬁ%msﬁﬁwmﬁmﬂ&JSW%&TWLLM‘L; nslddeiaiiuman
Snensusznouandnmsnsinuasvesnuasnsinglidnasdumadiudie UAdninsoUseus aaundwsiiiawndely
91nM3UsENBUDI NI A L Lﬂwmﬁamﬂmsﬁwmuméuﬁwﬁmﬁ'aLﬁuwamamLifﬂﬁqumamﬂﬁiumﬁuﬁwﬁu 9
iwimdenan nzatewdn (empty fruit bunch : EFB) WuduremearsUrduihdufiadanasenudausynaudiede
nranpUduuariunzaneUduihimineds 17.3 flanfuvemzateurduan dmzanewan (@n) Tssenlaidousiun
Judemanieninanuiugs felrenn desiliukireulanderliiegedsdommuluiniel daquanluauidu
w%aﬂqusaﬂﬂuﬁuméuLﬁa%’ﬂwﬁzzﬁumm%yu Tnelutunouainuisunduiu 1 fu ﬁwmaﬂwa‘mﬂd%ﬂui’aqmﬁa‘ﬁd
Uszanms 0.28 fu FeiluSinaunniiaadlofisuiutanmdeisssiandu vemeurduaszneuludesimemisldun
lulnsiau 0.158 wWasidud Weanesausyuna 0.08 Wosidus waglnunafouuseanu 0.70 Wesidus (Baharuddin,
2009) Mnadas (decanter cake) wdsanmsiivtsiuanileurdy fdmusznevvesiulnsiauaansatanlduaui
nzaeiailendniedunigle Uuntaraniyom and Pengnoo, 2014) dannadnd flulnsiou Ussana 2.18 waedldus
Tnethminuis (Kananam et al, 2011) Fid(Ash) L‘ﬁu’i’aamﬁaﬁnﬁlé’fﬁ]mmsﬁwLé’us[,amauﬁ’umzmma‘mfﬂﬁulﬂlﬂu
Famady qmammaummﬁm‘fwﬁuméu Usznaumesinermsiulasiau weanesa Inwnadey windu 2.24, 0.28,
2.28 Wosidust muddiu wawdien pH ity 5.09 Fegannsduniual meliemeisinomnslutididuthiu ves
U39 gimdviiduindu $1fn Gemsu) Uaikleang, 2023) irwndonienisUsza Wudeny fefdmdsznauessn
9IMsI0ININUAAdBuLazlARL (20-30%) (Chandrkrachang, 2002) n1sUszendldusslesdladuuarlalagiuain
wWienyludunisinues lassasweslafuuaglalagulsznoumelulagau 5‘?@Lﬁuﬁwaawwwsﬁﬁﬂﬁ€gﬁamiw%zytﬁ‘uim
vosity liiviigaussinomnadululdussSrhensedusruugiduiuosi uenand lafuaslelasuiidutae
duasulifivnsenadiniodunisdnnislulasouanoiniauasAuldaity Ssanurseluldindudednmld
Uagdu dnsihladuuazlalaguinyssgndldUseloviiunisinensegiaunsvate lagansinuasdunis uasnud
anseananil mmﬁmLﬁumamamLLazﬁﬂﬁmawﬁmﬁiﬁﬁ@mmwﬁﬂ’ﬁu ﬁﬂﬁﬁunumﬁm%mﬁwad Lﬁmmﬂaﬂmﬂﬁz’fﬂal,ﬂﬁt.t.ag
YA ﬁw%’umwmﬁammaLﬂéwﬁﬁdmﬂisamuqmamﬂiiuﬂWéuﬂgﬁumﬁ]ﬁﬂuﬂ%ﬂﬁﬂamﬂw%lﬁuyjaﬂ'ﬂ,fﬂawém
HuleBuvisamningld SanasinmsgiuvesleBunidamuageditmuslnensuiauniinu f9easdoadsd Ui
SunFeTnguses (organic matter) laishnd1 20 Wosiuflastmiin Snsdruaiveuselulasiau (/N ratio) lsifiu
20:1 Armsdali (electrical conductivity: EC) ldiiu 15 wd@Tuuddeowns Araudunsadunig (pH) ogszning
5.5-10 Ysmadledion (Na) laiiu 1 wWesiduslnethmin USunasmenmsvantaun Tulmsiauiionun (total N) laitfos
171 1.0 Wesidudlaetimin weamnianun (total P,0s) laitfesnin 0.5 Wedidudlnethwin Tnunwstanua (total
K,0) ladtfesndn 1.0 wWeddudlagtmiin Ysinuautuvesedunis iy 30 wWeddudlnetuiin suinvestel
WA 12,5 x 12.5 faduns USinaiiusagnsanvunaivgindt 5 fadwes ldiiu 2 wWesiduslastmdn dosldnueie
wanadin ui Janfleu vielansdug Usinasiglavemiin Arsenic (As) Lty 50 fiadn3usioAlansy Cadmium (Cd) lal
\Au 5 fadnsumeilansy Chromium (Cr) laitAiu 300 fadnsusenlaniu Copper (Cu) laitiu 500 fadnsusdenlaniu
Lead (Pb) lsiiAiu 500 fadnsumenlansu Mercury (He) laiiiu 2 fiadnsusailansu (Department of Agriculture, 2008)
faduneideiiinnUsvasdiftofinyignsviodiunaniimngluntsndnledunisauningannanaundonyas
mémﬁwﬁuuasmﬁaﬂﬂ”
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AoN1sANEN

wignTandwmsuidendn Usenausie wWaeny neargurduan nmnadedvidn (@diunauvesningdndan
Wulowdenuaurdy uazidundu fidiunisminainlsswudunat 1 Wew) WANINARATAAIINLTINURAANNTTY
Unduthiu funsumswieuasinudenyludreharmasenn iluidulssZeufinquudsnienanaintugifiosny
ﬁw;mmsﬁﬁium%aﬂg anauLisudIualiazden wiuldgeUaatin drunzarsUrduilavziiunnesdlulsadoudisl
ndenndunan 1 ieunautluly z%’m‘%‘umﬂaé’mﬁwﬁﬂﬁ]'1ﬂiidmuqmamnswméuﬂfﬁﬁu Juveaundenendsainils
afauuUduIudr Seveandediuiavustneudie nnadnd 8 wasdulodenua

sudeqaunidililunismanes ldsumnuoyemeiidegdunidenn auziumans univerdoinumsmanids
H1unIageukalnduseangamlunsudneulesiwagiaauasluwauiuaseavas uazaiunsadesaaieianvdnle
Usenaunie L% ® Beltrania rhombica, Chaetomium crispatum, Robillarda roystonea, Emericella variecolor,
Trichoderma asperellum lasyniiumsvanesasiuiaiodunadadlusng Taguiln 1,000 Alansu awldqaund
100 n3u (Department of Agriculture, 2008)

’JNLLNUMS‘V]@@@JLLUU?jiJ?IlI‘lJ“iﬂj (Completely Randomized Design ; CRD) eAnwiTeuifisuruumnns
senisdiunaunsnindedunidaunngidarans Usenausiy 3 fsunaass 311 3 §1 fall Fsuneansdt 1
(T1) Usznausie nzaneurduian: nnadadusdn snsndu 4:6 Tneusuins sdunaaesdi 2 (T2) Uszneudie nrads
Urduldan: mnadadvdn: ninadadan: iWdenydu dnsdiu 5 2: 2: 1 laguTunsg Lazssunnaesi 3 (13)
Usenausig nganeUrdulan: mnadaiavin: wWasnylu §nsdiu 4 : 4 1 2 lagUSunns lunndifumsmaaeaziiui
\doqauvidnanaslutanwiin (5951 100 n3u : 1,000 Alansw) Tnsnesiasmiinidugammasn Mamzaneurdudidueg
a19an Hudeninadadutn nnadadan Waenyvu Wadeqduniduay iudug udasduiinnuvuivssanm 5-10
LBURLUAT NBIATUAUNUATANANGAT wavwanasldiianuntie 2.5 was 49 1.5 103 i"ﬂmmm%wadﬂawﬁﬂiﬁagi
Tug29 60-70 Wasiudlnethwin Tnenissain 1 adietu %ﬂa&ﬂm”aaﬁwmqwmaaﬂﬁﬁﬁLﬁa%“mmmm%ul,l,axl,ﬁu
onmgiinelunes ndunestenng 15 Yu ninaunszvianstesaaeiaioanysal fedunaianmindesdunaziuaoud
Fuhmaduvde gaunniian Indidssiuneuennasde ﬂﬂmfuﬁﬂﬁﬂ]&mﬁﬂLLﬁdIG}EJLﬂEdﬂlEJﬂEN wazduiudiegnale
wiin 1IATILYAR99 AsnuaInsguleunIdveansiivin1sinums (Department of Agriculture, 2008)

nsfiudeya ﬁzijmﬁwﬁﬂ%dmi’mqmmﬁLLazmméﬁyumaiuﬂaﬂﬂwﬁ’ﬂnﬂ6] 3 Tu 311U 3 9AFBNBY NS

o a

naaungiagldimeslufivesinnsedunnnudnUszanal 40 WURAWATIINRIAIUUUATIIANINANVDINUNFMAENYDINDY

U
I o

Joniln gudnuiu 3 yasenad ei’;umﬁmmm%ﬂuﬂmﬂwﬁﬂ ﬁwimsuﬁvé’aaﬁmi’a@ﬁwﬁﬂﬁwﬂ&Jﬁﬂﬂadaz 390 Usesnad 10- 20

q
' °

n¥wriegn lveudedeutigamgl 65 ownmaidea u 72 F9w ud Bl amiwiniimely wdmenm Gmuersilule
uvsgnugns Usinamnudy (Wesidud) = (hainan — dhminusa/ahminan)] x 100 dmdunsindanudunse-
A4 (pH) Tuneadendn agdanng 15 Tu (Department of Agriculture, 2008) Lﬁaﬁyuqmmwﬁﬂw%‘amu 60 Tu 1Ay
megrsleninluudazinfunaasaninesiesduseneuniaadl loun ey pH (1:2) Arnistluii EC (1:10) (dS/m)
ALY (Moisture) (%) C:N ratio Tulnsiausiavua (Total N) (%) WeanlaZariamun (Total P,05s) (%) Tnuna@euimun
(Total K20) (%) Tasieusianun (Total Na) (%) upardeuvianun (Total Ca) (%) uazuuniigeuvianun (Total Mg) (%)
USuudunieing (Organic matter) (%) Usu1adun3ga1suau (Organic carbon; OC) (%) JiasieviuTunadanewin
(lugu Total) 1un ansmy (As) wanwdles (Cd) Tasiley (Cr) naaums (Cu) nzia (Pb) wazdsen (He) Tasnseossioens
18 Microwave digester (CEM corporation: 31 MARS) @13135 EPA-3050B (HNO5+H,0,) TaUTu1a As PTIGEGE
Atomic Absorption Spectrophotometer (Agilent Technologies: ju 200 Series AA) TaUsunas Cd, Cr, Cu, Pb wag He
EIGELN Inductively Coupled Plasma Optical Emission Spectrometer; ICP-OES (PerkinElmer: 3u AVIO 550 Max)
(Ministry of Agriculture and Cooperatives, 2005) ’J’mmi&iaaam‘ﬂLa%augszﬁmaqﬂwﬁﬂ PNNITNAFOUATLNITIDN
109 (germination index) Fuduidfianunsainarsiiiufivsiedin (phytotoxic substance) ﬁmﬂﬁwagﬂuﬂa@uw%ﬁ
lelnmss wislfidunasilunisinaruanysalvesmsgosaaevesodunid naasuiumdainnineds lnsnsiudn
A9A F119U 300 LWER waziuﬁwaﬁmﬂwﬁﬂ azidnluiisi ﬁqmmﬁﬁamﬂunm 48 Flua wdahuinAaue
sinuazdusudnien niuiahmildluduameiiduinsenduinivenudn (percentage of relative
seed germination: %RSG) wWesidurimnuensinduins (percentage of relative root growth: %RRG) wazLUosidud
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Aufinnsaenveduan (percentage of germination index: %Gl) thdayafiliuninsizinieada Sinsiziauudsusiu
(analysis of variance) AMUKHUNITNARBILUUA NANYTO) wazlUTHUTEUAMIULANA19TENTIE A1TUNAADIATY
Duncan’s New Multiple Range Test (Steel and Torrie, 1980)

number of seeds germinated in the extract

% RSG = X 100
number of seeds germinated in the control

mean root length in the extract

% RRG = X 100
mean root length in the control
RSGXRRG
% Gl= ——
100

UszidludunulunisudndedunignnianauniengaisUiduiaziudeny uazyan1n1sdeviendnsiueile
uvsy

Han1sAneUazINTal

nsiAsuLUasaETAnIanEamN

nswasuulasgamgiiedslunesonin Tundazisunnass maemszaziiainiswiin 60 Su wui1 gamgd
wdelunoseniiniis 3 d1¥unaaes iindunendanisnines 6 Ju uazlgumgiagniwislndides 60 ssmieaidoa
dlewsinluls 9-45 $u f\m‘lfuqmmﬁLa?{a%amauﬁawﬁﬂﬂﬁunmLLazU%’Umms?j"u qmmﬁmﬁa%Lﬁuﬁuﬁﬂﬂ%lﬁaﬁuﬂ
noslvadlUl 1-2 Ju Wululudnuardnaonszesinarnisustn msm?{ﬂmmaﬁqmmﬁLaﬁaLﬁuﬁ onaidosnanly
PausniiansUszneudunidiidesameliine shligamafindsluneseviinfiugeiuogwmni mndugamniinde
Suanas emdeudansusznevdunidiidesaaslivin Tnsgaumgiindslunestevsindrfunnaesd 3 anaaiania
Munnaesd 1 uay 2 uazAeudnsasivielndifsausssnialutag 57-60 Ju uansinszuaunsminiasoauysalud
(Polprasert, 1996) dautjevsindiunaassil 1 uay 2 Weszazansminduly 60 Tu gamgiiadedieglutag 44-47
osrwaLdea (Figure 1) uansinszurumavindsliiiadaauysal aummiideniinudazyeliszoznainisdesaansiad
auysaluandnaiy iewnandrunasvesanusarsdniuTinausaiu vilvismemsudulivindu
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Figure 1 Average temperature change in compost piles in each experimental Formula throughout the 60 day

fermentation period.

nawBsuutasarutulunesdensinluusiazsiiunanes nasnszozanvEin 60 u wudt arwdundsly
naateviin s3umaaesdl 1, 2 waw 3 dreglutag 50-63 Wedudlaeina esmninsauaueudulfimngaud
nszvIuNIninaanndasiy (Rabbani et al, 1983) namliitsaruiuiuduiianzande 50-70 Wesiduflavina
(Figure 2)



450 MIANTNYHTNITIDUNG 2568 : 43 (3) : 446 — 455

100
S
°
5 50 | ——T1
@
o
= -T2
O T T T T T T T T T T T T T T T T T T T 1
+T3
3 6 9121518212427 30333639424548515457 60
Fermentation period (day)

Figure 2 Changes in moisture content in compost piles in each experimental formula throughout the 60 day
fermentation period.

mMswasuulaseindeiioy Tunewmiin luusasiSunnasimasnszeznainismsin 60 Tu wuii Aifileuads
vosllemiin frfunaassil 1, 2 uazs3udl 3 evasundadliinnin Tnglutisusng vesnsminan pH iunsaseun
wazeadntos aglutaa 6.40-7.20 (Figure 3) Mntuanasuanfintudntosureglutaadunsasou fahadntos
aradisannannistesaansvesdunisansinagndnnsnduniduaredunidesnumiefinisseieveueulude
lulasiau iefinsuandaeslslnsiaulessu (HY) 91nnszUIuNNg nitrification iilefiansanenfitey veadevinusiay
viln wudrevsindriunaassd 1, 2 uag 3 feilndidsatu egrdlsfnudt pH vasevifnisausiiunnaesdaoglu
inauiNRsgUleBunIs wa. 2508 Atmunglutag 5.5-8.5 (Department of Agriculture, 2008)
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5 ——T1
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e 13
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Figure 3 The average pH change in the compost pile in each experimental formula throughout the fermentation
period of 60 day.

YSuus1nems

wams’?miwﬁﬂ%mmﬁmmmsmnSﬂuﬂ]wﬁﬂﬁgﬁ 3 frfunasosuandlilu Table 1 Uiinailulnsiauianun
wut fdumeassi 2 fudinusglilasauimn geitgafo 3.36 Wosidud esnyanimeaesiidiulsznavues
nnadadan IndlAsaiusnunnasives (Sanguansuk et al, 2009) 13ps03dUszneUNILATiLazsIgo1IMsAiEluAN
nznauthifuduuazantevindideldidutag fudmsunmstauussy Susiiduinsodwandon Teads
Uimnallulasion 1.930 Wedidud sesawunfeyannansd 3 uaz 1 IndiAveiu a1 1.33 wag 1.28 wWesidud smuddu
faruunnsnesaifegieidedidty (P<0.05) fats 3 yamananesiivinusiglulnsiaugsninnasguleduniday
wszs1wiyafales @Rl 2) wa. 2550 Afuninazdosdsnlulanaulidesninfesas 1.0 vaaimiin

wanlesavanun wuihiunaaesd 3 fuSuueanaageiian sosaan YANTVIRALITl 2 wag 1 fAn 1.43,

U 9
o w

1.18 uay 1.14 Wesiuinuaau danuwansrannsatfegrefidoddny (P<0.05) Fais 3 gan1smaaeediuiuimes

'
wa o A

g rleanesanssmunnsguledunsdaunsesadyaade (aUuil 2) wa. 2550 nmvuadzdeadsineaneal
Weunineway 0.5 vasumn
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Tnunadouianun wui fiunnaesd 2 fUmalnuadousnniiga Ae 2.32 Wedldud mefidamuszney
vesnzarsUrdulannniian sesasn Ae yannsnaaosdl 3 uax 1 A1 1.42 waz 137 Wesldud muddu finw
uanenssaRnogeiifeddny (P<0.05) Fia 3 YAN1INARRIIUTINUE M InWaG BuaInI1Ln g udeBunidny
wizs1w At @Tufl 2) wa. 2550 Afmualiiazdosdsmlnumadoulsideoniniosas 0.5 gaaiwmin

waadsuitanun wuih iunanesd 3 fUsiauaadeuinniian sesaunAeyantsnaesdl 2 way 1 fien
4.64, 2.07 wag 1.64 wWeasiud auadu danuuana1anisaifessideddey (P<0.05) Lﬁmmﬂﬂmmiwmaadﬁ 34
dulsznevtenddenyuniign delassadrsvanldenyneia (soylla serrata) ludutuonln@ifiAa (endocuticle
layer) iuduitfiennusuninniian Ussunas 450 -a55 lalasiums Gedndu 70-85 Wesidust vesarmmuiveaddon
warfivsinanndonaadouazaneguiniian vandsdadeninduduaaden (caldfied layen deiidnuvasiduuay
(bands) Fuiinannisidesleasewinadule chitin-protein warunaidenaiuaLun Uizﬂauﬁ’uﬁﬂﬁﬂwﬁguﬁwmﬁqm
(Pratoomchat and Suwanarak, 2007)

wunii@eustonun nudh d¥uneaesi 3 fusinausndiumniigamsedidussneureaudonydumin
fign sesasnAeyansvaassil 2 uay 1 §le 0.76, 0.62 wag 0.57 Wadldud awadu (Table 1)

Table 1 Chemical properties of high quality organic fertilizers obtained from experiments in all 3 formulas

Total Total Total Total Total Total Organic  Organic
pH EC (1:10) Moisture C:N
Tr. N P,Os K,0O Na Ca Mg matter carbon;

(1:2)  (dS/m) (%) Ratio
(%) (%) (%) (%) (%) (%) (%) OC (%)
6.82+ 3.25+ 23+ 11:1+ 1.28+ 1.14+ 1.37+ 0.04+ 1.64+ 0.57+ 2425+ 14.1+
0.86° 0.40° 0.30° 0.00? 0.11¢ 0.18° 0.10¢ 0.01¢ 0.14° 0.10° 0.30° 0.30°
0.62+
7.12+ 376+ 1741+ 4:11+ 3.36+ 1.18+ 2.32+ 0.08+ 2.07+ 2377+ 1382+

2 0.06"

136° 087" 0.69° 0.00° 049 021> 034 001® 026° . 0.98° 091°

731+ 461+ 18.7+ 9:1+ 1.33+ 1.43+ 1.42+ 0.16+ 464+ 0.76+ 21.26+ 1236+

’ 0.45°  0.48° 0.84°  000° 007° 001° 018>  002° 028" 010° 054° 0.0.23°
F-test 0.19 3.70 7.58 0.00 49.38** 2.90** 14.60** 38.00%* 1.43** 3.59** 1.57 8.13
V(%) 3395 3887 18.50 - 2522 3419 2697 5586 2296 3235 20.16 9.31
Organic

fertilizer 5.5-
<10 <30 <20:1 210 >0.5 >0.5 <1 - - >20 -
standards 8.5

(DOA, 2007)

Mean + standard deviation.

Value with different letters within a column were significantly different by DMRT (P<0.05). (F-test) at P<0.05

T1 is the formula 1 Empty fruit bunch : Fermented decanter cake : Ratio (V/V) = 4 : 6

T2 is the formula 2 Empty fruit bunch : Fermented decanter cake : Fresh decanter cake : Crushed crab shell Ratio (V/V) =
5:2:2:1

T3 is the formula 3 Empty fruit bunch : Fermented decanter cake : Crushed crab shell Ratio (V/V) =4 :4:2

Umnalavgniin 1iun nzia (Pb) neauns (Cu) Tasiflon (Cr) waailen (Cd) answy (As) wagusen (He) Tule
wifnvia 3 gamasneaes TugsUlaveuiinitamauanslily Table 2 namsfinyn liwuuiina ezt uaadon wasdsen
TulsBunidis 3 gan1smaaes druuiuameunaianua wuin ludedi¥unaaesii 1 fuinfian fo 1.08140.18
fiadnfusioflandu esand3udl 1 fdwwuszneuvesninadavsinuiniian uazuandnsesdidodfyBneaiatuyn
nIMAR0sTl 2 waz 3 FalUTanamesuasianuAinAy 0.47310.08 waw 0.490+0.01 dadndudeilaniy auand
oehdlsfinuia 3 Munsmaassiiviinameunsiiianzsilalifunasguvensuinnisineas (liifu 500 fadnsu
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soflansy) Vimalasdouionue wuludedunidyai 1 andian sesasnyad 2 way 3 faad sy
1.643+0.50,0.589+0.12 uay 0.576+0.19 fadn3udedlaniu mudiu Feuiunalanioy Seglunasifieenlidls
adorimunvesnsuivnsineas Ae LAy 300 fadnsudelansy Usinusmaisny Anuludedunidiunis
naaesdl 2 uay 3 SAnadelndiAssiufe 0.0314£0.01 uaz 0.03040.002 fiadnsuseAlansy mudifu %nqmmﬂ@m
agaiifeddBaneadftusfunisveaasi 1 fAefidnade 0.00940.002 fiadnsuseAlaniu (Table 2) agnslsfnue
U‘%mm’m@miwﬁwuagﬂumm%ﬁaaﬂﬁﬁlé’mu%@ﬁmummﬂsﬁmmﬂﬂwm Ao lviiu 50 fadnsusienlansu fuy
Lmﬁmﬂimuﬁmsifﬁ”iaﬁlmwmﬁawmwamémfwﬁumﬂIﬁdmuqmammsumémﬁéﬂﬁmmzLﬂﬁaﬂgmwamﬂuﬂﬂﬁw%ﬂlé’
Tngliifostnarudamiveilaveminanddlunandndiv

Table 2 Analysis of heavy metal content of high quality organic fertilizers obtained from all 3 experimental

formulas
Pb Cu Cr cd As Hg
Treatment
meg/kg
1 0.00 1.081+0.18%  1.643+0.50° 0.00 0.009+0.002° 0.00
2 0.00  0.473+0.08° 0.589+0.12° 0.00 0.031+0.01° 0.00
3 0.00  0.490+0.01° 0.576+0.19° 0.00 0.030+.002° 0.00
F-test nd 26.67** 10.91% nd 10.68% nd
CV (%) nd 35.53 63.64 nd 60.47 nd
Organic fertilizer standards <500 <500 <300 <5 <50 <2

Mean + standard deviation. Value with different letters within a column were significantly different by DMRT (P<0.05)
(F-test) at P<0.05

nsUszlivdunuingaulunisudndedunsd

nsUssudununsnanledunss aunu LLavuammwamawamm%ﬂaauww TudiuvaaiuyunIEnae
#sanyaA1vesingavluudazyia Imamlmwuammu‘mumﬂmisuumLummﬂmuwumﬂuawuaEJﬂuﬂﬂamw
suaqQwamiumﬁﬁmmmqmwmmLﬂumuwamaumﬁwmLmaqmumaaum Jwazdeadunuingivuassiauaneld
lu (Table 3) wagn1sUszanamsiununsnindedunidauninganianmaely fifdensnan 1,000 nn./Yu 8
Hamé}’unumsmamﬁ 2,110 U¥3e 2.11 vIn/Alansy (Table 4)

Table 3 Cost of various raw materials used to producing organic fertilizer

Raw material Weight (kg) Price Price per unit (baht/kg.)
(Baht)
Palm oil empty fruit bunches 1,000 600 0.6
Fermented Decanter 1,000 600 0.6
Fresh Decanter 1,000 400 0.4
Crab shell 1,000 3,000 3%
Microbial inoculum (bag) 1 10 10

* The value of crab shells is determined by agreeing on the trading value with villagers in the Ban Tha Klang community area,

Suksamran District, Ranong Province. The value of raw materials may change in each area.

sgalsimnulunisiansandununisndnvzdesddaddudiuvesanlddnedmsvussydueiae Suaanves

v
e o o a

UsT s uUssanifiyarigeenvdmalindndasiledunidliyandmuiegemuludieuiu vellaannisandu

U
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uAdeluaseil nudyar1vesusTiusionvdwaliyad1dvineiinauninndl 3 whvesardunuingavu aely
MTIUWINT W30 Nsiasudonussgiueidsnisiinsiilsialudiuddyaiunil

Table 4 Estimating the cost of producing high quality organic fertilizer from fisheries and agricultural waste

materials to reduce the cost of agricultural production factors

Estimating the cost of producing organic fertilizers at a production capacity of 1000 kg./day

List Volume (kg) Value (baht/kg.) Value of raw materials (Baht)
Palm oil empty fruit 500 0.6 300
bunches

Fermented Decanter 200 0.6 120
Fresh Decanter 200 0.4 80
Crab shell 100 3 300
Microbial inoculum (bag) 10 10
Material transportation cost 500
Wage 50 baht/person/hour, 2 people/8 hours (baht) 800
Total production cost value (Baht/1,000kg) 2,110
Production cost value (baht/kg) 211

Fresh weight 1000 kg., weight remaining after fermentation 700 kg

NaNISNAFUAINYTINITIDNVDIUAANY
wamﬁmaauﬁhé’fﬂjﬁmiqaﬂmmmﬁmﬁﬁjﬁ’uﬁ’;a&haﬂ&J‘Mﬁﬂﬂ?fﬁ 3 sqmmimaadLﬁamwaaumidaaaawﬁ
anysalvesleniin seazduananisnadeuresusavyavnaetwandlily Table 5

Table 5 Relative germination percentage of seeds Relative root length and percentage germination index of

Chinese mustard seeds in fertilizer liquid extracts in all 3 experimental sets at 48 hours

Treatment Number of seeds Average root RSG RRG Gl
germination (%) length(mm.) (%) (%) (%)
1 97+1.00° 3.03+ 0.18°  98.98+0.41°  149.26+0.77°¢ 147.74+0.75°
2 98+0.96° 3.54+ 0.27%  100.00£0.10°  174.38+0.50° 174.38+0.90°
3 98+0.57° 335+ 0.10°  100.00+1.00*  165.02+1.00° 165.02+0.28°
control 98+0.57° 2.03+0.10°  100.00£1.00%  100.00+0.44° 100.00+0.39°
F-test 1.846 3.974%* 1.689 318.34** 447 37%*
CV (%) 2.75 17.93 1.76 1.53 1.35

Mean + standard deviation. Value with different letters within a column were significantly different by DMRT (P<0.05)
(F-test) at P<0.05

NNINAdeUNIsEeraateauysainienulufiviefivvesledunidimenisnnainanuiinisienveudn
iy Inan1sveaeuiuLaninnIed dlovwansnaasslumuiumain ssenduivsvesudn wuin fmegluyiesoy
98.98 - 100 wazdlAAruensnduivseglugaeiosaz 100 - 174.38 uarfladuinistonvesudniiy egluyiios
100 - 174.38 (Table 5 ) Fsilrrgsninnaminmsgiutonsinvesnsznsanuasuazannsal Afmualiinddvinig
sonvenudniiy lilasiiningesas 80 (Ministry of Agriculture and Cooperatives, 2005) TneAilduansdenistos

ee

a
a

ee

aaneanysalvesdondinld na1afie Tunssuiunswinusensgesaatendaliauysal duasiinansuseneuiliadios
(Intermediate compounds) Ly wouluiledase nInduvionioaIsUsznouNazalsunduy senIeNITzUIUNITALN B9
sefimnuduiivdediv fe ludrianistonvesudauaznisiasgyivlavessin daunasiuinsgiudeninues (California
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Composting Quality Council (2001) AN%uA71 ﬂwﬁﬂ‘ﬁ'ﬁms*&iaﬂaawaaugiaimaﬁm Gl unnnirdeway 90 Wietie
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Abstract

This study aimed to assess the effect of different fertilizer management on yield and yield component
in two rice varieties, Khao Dawk Mali 105 and Kum Bangpra. Split-plot design with three replications was
conducted for this study. Fertilizer management was assigned to the main plots, while rice varieties were
allocated to the subplots. Ten different fertilizer management practices were employed, each designated as
follows: T1) no fertilizer, T2) chemical fertilizers, T3) 500 kg./rai cow manure, T4) 1,000 kg./rai cow manure, T5)
150 kg./rai poultry manure, T6) 300 kg./rai poultry manure, T7) 500 kg./rai cow manure + 150 kg./rai poultry
manure, T8) 500 kg./rai green manure + cow manure, T9) 150 kg./rai green manure + poultry manure, and T10)
green manure + 250 kg./rai cow manure + 75 kg./rai poultry manure. The results indicated varying responses to
fertilizer management between the local rice varieties. KDML105 tended to exhibit a stronger response to organic
fertilizer compared to KBP. Following treatment with 150 and 300 kg./rai of caw manure, yields of KDML105
increased by 14-16% compared to chemical fertilizer application while yields remained lower in KBP variety.
However, after applying green manure combined with cow manure of 250 ke./rai and poultry manure of 75
kg./rai, the result showed a significant increase in KBP vyield, up to 24% compared to chemical fertilizer
application. Therefore, organic fertilizers with lower nutrient application rates often yield similar results to those
achieved under adequate chemical fertilizer application.

Keywords: organic fertilizer, local rice, Khao Dawk Mali 105, Kum Bangpra
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Table 1 Levels of nitrogen, phosphorus, potassium, pH, and organic matter (OM) before and after fertilizer application

Nitrogen (%) Phosphorus (mg/kg) Potassium (mg/kg) OM (%)
Fertilizer management Low Medium  High Low Medium High Very high Low Medium High pH Low Medium High
(0.05-0.09) (0.10-0.14) >0.14 (3-10) (11-25) (26-45) >45 (31-60) (61-90) >90 (0.6-1.5) (1.6-3.5) >3.5
Pre planting Low Medium Low 6 Low
T1 Low Low Low 6 Low
T2 Medium Medium Low 6 Low
T3 Low Medium Low 6 Medium
T4 Medium High Low 6 High
T5 Low High Low 6 High
T6 Low Very high Low 6 Medium
T7 Low Very high Low 6 High
T8 Medium High Low 6 Medium
T9 Medium Very high Low 6 Medium
T10 Medium High Low 6 Medium

T1=no fertilizer, T2=chemical fertilizers, T3=cow manure 500 kg./rai, Td=cow manure 1,000 kg./rai, T5=chicken 150 kg./rai, T6=poultry manure 300 kg./rai, T7=cow
manure 500 kg./rai+ chicken 150 kg./rai, T8=green manure + cow manure 500 kg./rai, T9=green manure + chicken 150 kg./rai, T10=green manure + cow manure 250

ke./rai + chicken 75 kg./rai.
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Table 2 Effect of organic fertilizer management on flowering date and plant height of panicles per plant of KDML105 and KBP rice varieties

Treatments (T)/Varieties Flowering date Plant height (cm)
V) Varieties Varieties
Mean Mean

KDML105 KBP KDML105 KBP
T1 94.3 Ba 92.0 Aa 93.2 113.27 Da 114.18 Fa 113.72
T2 94.0 Ba 92.0 Aa 93.0 116.13 CDa 128.57 ABb 122.35
T3 115.3 Aa 91.3 Ab 103.3 118.93 BCb 128.13 BCa 123.53
T4 95.0 Ba 90.3 Ab 92.7 124.60 ABa 125.13 BCDa 124.87
T5 95.7 Ba 91.7 Ab 93.7 127.27 Aa 131.33 Aa 129.30
T6 96.3 Ba 93.3 Ab 94.8 119.60 BCa 119.67 DEFa 119.63
T7 95.0 Ba 92.3 Ab 93.7 116.60 CDa 118.47 EFa 117.53
T8 97.3 Ba 92.7 Ab 95.0 117.87 CDa 122.27 CDEa 120.07
T9 95.3 Ba 90.3 Ab 92.8 126.67 Aa 127.60 BCa 127.13
T10 94.3 Ba 92.0 Aa 93.2 127.13 Ab 133.00 Aa 130.07
Mean 97.3 91.8 120.81 124.83
Vv (%)* 3.08 3.57
CV (%)* 1.49 2.03
F-test LSD (0.05) LSD (0.05)
T ** 3.53 *x 5.3249
Vv ** 0.76 *x 1.3419
TSV *x *x
TXV (same level of treatment) 2.4 4.2435
TxV (different levels of treatment) 391 6.1121

1 = (replication x treatment), /2 = (replication x treatment x variety). ** mean significant at P<0.01. Different upper-case and lower-case letters are indicated to mean different
within a column and raw, respectively. T1=no fertilizer, T2=chemical fertilizers, T3=cow manure 500 kg./rai, Td=cow manure 1,000 kg./rai, T5=chicken 150 kg./rai, T6é=poultry
manure 300 kg./rai, T7=cow manure 500 kg./rai+ chicken 150 kg./rai, T8=green manure + cow manure 500 kg./rai, T9=green manure + chicken 150 kg./rai, T10=green manure +

cow manure 250 kg./rai + chicken 75 kg./rai.
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Table 3 Effect of organic fertilizer management on the number of tiller per plant and number of panicles per plant of KDML105 and KBP rice varieties

Number of tiller/ plant

Number of panicle/ plant

Treatment (T)/Varieties (V) Varieties

Mean Mean

KDML105 KBP KDML105 KBP

T1 5.26 DEa 3.06 Eb 4.16 4.13 Ea 3.06 Ab 3.60
T2 5.46 DEa 4.93 BCa 5.20 4.86 DEa 4.73 Aa 4.80
T3 5.06 Ea 4.73 BCa 4.90 4.80 DEa 4.26 Aa 4.53
T4 6.40 BCa 4.40 CDb 5.40 6.00 ABCa 3.60 Ab 4.80
T5 7.40 Aa 5.20 Bb 6.30 7.00 Aa 4.66 Ab 5.83
T6 7.00 ABa 3.73 DEb 5.36 6.53 ABa 3.53 Ab 5.03
T7 5.60 DEa 4.73 BCb 5.16 5.53 BCDa 3.60 Ab 4.56
T8 5.93 CDa 4.66 BCb 5.30 5.06 CDEa 3.73 Ab 4.40
T9 6.53 BCa 5.13 BCa 5.83 5.13 CDEa 3.86 Ab 4.50
T10 5.60 DEa 6.20 Aa 5.90 5.53 BCDa 5.20 Aa 5.36
Mean 6.02 4.67 5.45 4.02
CV (%) 8.38 15.15
CV (%)* 8.55 11.26
F-test LSD (0.05) LSD (0.05)
T ** 0.5446 ** 0.8714
Vv ** 0.2464 ** 0.2877
TSV % *x
TXV (same level of treatment) 0.7793 0.9098
TxV (different levels of treatment) 0.7747 1.0831

! = (replication*treatment), /2 = (replication*treatment*variety). ** mean significant at P<0.01. Different upper-case and lower-case letters are indicated to mean different

within a column and raw, respectively. T1=no fertilizer, T2=chemical fertilizers, T3=cow manure 500 kg./rai, Td=cow manure 1,000 kg./rai, T5=chicken 150 kg./rai, T6=poultry

manure 300 kg./rai, T7T=cow manure 500 kg./rai+ chicken 150 kg./rai, T8=green manure + cow manure 500 kg./rai, T9=green manure + chicken 150 kg./rai, T10=green manure

+ cow manure 250 kg./rai + chicken 75 kg./rai.
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Table 4 Effect of organic fertilizer management on number of spikelets per panicle, percentage of seed set and grain weight per plant of KDML105 and KBP

rice varieties

Number of spikelet/panicle Percentage of seed set Grain weight/ plant (g.)

Treatments
(T)/Varieties (V) Varieties Mean Varieties Mean Varieties Mean

KDML105 KBP KDML105 KBP KDML105 KBP
T1 80.86 Ca 90.06 Ca 85.46 83.35 BCa 81.90 Ca 82.62 12.58 Ea 6.68 Ca 9.63
T2 123.00 Aa 123.00 Aa 123.00 90.77 Aa 90.67 ABa 90.72 23.95 BCa 18.79 Ba 21.37
T3 90.46 Cb 114.66 ABa 102.56 88.00 ABa 91.29 ABa 89.64 15.19 DEa 11.02 Ca 13.11
T4 90.20 Cb 123.93 Aa 107.06 88.17 ABb 95.47 Aa 91.82 19.36 CDa 9.05 Cb 14.21
T5 97.26 BbC 124.26 Aa 110.76 90.20 ABa 93.16 ABa 91.68 29.38 Aa 16.82 Bb 23.1
T6 86.73 Ca 97.26 BCa 92.00 80.56 Ca 86.72 Bb 83.64 28.58 ABa 11.20 Cb 19.89
T7 86.93 Ca 97.86 BCa 92.40 81.02 Cb 89.63 ABa 85.32 16.05 DEa 9.87 Cb 12.96
T8 92.40 BCa 98.20 BCa 95.30 89.27 ABa 87.02 Ba 88.15 27.77 ABa 10.84 Cb 19.3
T9 93.80 BCb 111.33 ABb 102.56 88.28 ABa 89.04 ABa 88.66 2397 BCa 9.54 Cb 16.75
T10 114.33 ABa 128.00 Aa 121.16 86.24 ABCa 89.11 ABa 87.67 20.85 Ca 24.69 Aa 22.77
Mean 92.55 109.51 86.58 89.4 2177 12.85
Qv (%)* 13.22 5.39 13.26
Qv (%)? 11.58 3.54 18.73
F-test LSD (0.05) LSD (0.05) LSD (0.05)
T x* 16.554 x* 5.75 x* 2.785
\ x* 6.4391 x* 1.677 x* 1.746
™V *x *x *x
TxV (same level of treatment) 20.362 5.303 5.523
TxV (different levels of treatment) 21.94 6.864 4.797

! = (replication*treatment), /2 = (replication*treatment*variety). ** mean significant at P<0.01. Different upper-case and lower-case letters are indicated to mean different within a

column and raw, respectively. T1=no fertilizer, T2=chemical fertilizers, T3=cow manure 500 kg./rai, Td=cow manure 1,000 kg./rai, T5=chicken 150 kg./rai, T6=poultry manure 300 kg./rai,
T7=cow manure 500 kg./rai+ chicken 150 kg./rai, T8=green manure + cow manure 500 kg./rai, T9=green manure + chicken 150 kg./rai, T10=green manure + cow manure 250 kg./rai +

chicken 75 kg./rai.
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Table 5 Correlation coefficient (r) between grain weight per plant and agronomic traits of KDML105 and

KBP rice varieties

KDML105 KBP
Traits
r P-value r P-value

Plant height (cm.) 0.34 0.0685 0.66 0.0001
Number of tillers per plant 0.68 0.0000 0.68 0.0000
Number of panicles per plant 0.61 0.0004 0.69 0.0000
Number of spikelets per panicle 0.27 0.1455 0.53 0.0029
Seed set (%) 0.33 0.0734 0.14 0.4633
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audeudinnusenuazanuuduswandsiuegdidoddynieadn Tnen1swsenwiniugeeds hydropriming 1u
1an 24, 48, 72 $alus wards osmopriming LWulian 24 Falus 1IBMsWTeNLAnTus A I dnsiugdalsviug
anieufimnuseniintuidiu 83.50, 81.50, 81.00 uay 83.00% AU genegditdedrAgynneadia (p<0.05) e
LU’?EJULﬁﬁmﬁ’uLuﬁmﬁ’uiﬁiﬂﬁm%mﬁdaﬂ (71.00%) sumzﬁLmﬁmﬁuﬁjﬁm%&mminaﬂmﬁ%ﬁLﬂwmﬂﬂ%'ﬁmwmaﬂ
76.50%
ArdARy: NswsEILATUS AsenuarAuklLTvetudniug lelasinsuls sealulnsufis

Abstract

Direct seeding with high-quality seeds leads to an increase in germination, seedling establishment, and
yield productivity. Pre-sowing treatments had increased seed germination of various crop species. This
experiment was conducted to study an effect of pre-sowing seed treatments on germination and vigor of the
Samdeun upland rice seeds. Completely randomized design with 4 replications was used. Ten seed treatments
were as follows: soaking in water with oxygen pumping (hydropriming) at 18°C for 24, 48, 72 and 96-h, soaking
in 1.0% KNO; with oxygen pumping (osmopriming) at 18°C for 24, 48, 72 and 96-h, soaking in water for 24-h at
room temperature (traditional soaking), and a non-presowing treatment as a control treatment. Pre-sowing
treatments showed a significant effect on germination percentage and all the tests for vigor. Hydropriming for
24, 48, 72-h and osmopriming for 24-h were better pre-sowing treatments for the Samdeun upland rice seeds
with germination of 83.50, 81.50, 81.00, and 83.00%, respectively. These were highly significant (p<0.05)
compared to non-treated seeds (71.00%), while the traditional soaking had germination of 76.50%.

Keywords: pre-sowing seed treatment, seed germination and vigor, hydropriming, osmopriming
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AU

wiiniusfiniivgnluutas (direct seeded) finaxinssenuagnmsnaivesiundrldlifvidunsmaaouly
wosfuRnimielulsadou iesnanmuindesluudasiinruudssiu %‘:qmgmﬁiamiqaﬂmaqLuﬁmﬁuﬁ:uaxmiﬁq
FIVDIAUNGT LU ﬁuiauiu'mnwaﬁﬂﬁﬂamﬁmﬁuﬁfﬁuﬁaﬁuLﬁaﬁulﬁﬁaﬁq@m%’uﬁwmﬂﬁuLﬁwéLuﬁmﬁuﬁlé’ﬁaa Usuad
ﬁ;wﬁLufﬁmﬁuiw?aﬁuné’ﬂﬁ%umﬁaﬁaEJLﬁ‘ulﬂ n1sunsnIzgveTivivwdiduiuiivign gaumgifukazeiniaseu
w?amunﬂ’m}aaqmmﬁﬁmmzamm’amﬁnammznwé‘?&é’mméfuﬂa"w \udu Fsanuuisunuvesiadouindensiie
mehifsiaua'qmaﬂsvmw\'awamﬁmaqﬁwaﬂ 5ﬂﬂﬁ]é’]’&lﬁ’]ﬂ“’mﬁﬁmaﬁiaﬂﬁqaﬂmmLuﬁmﬁ’uéuasmﬁ@%ﬁ’waqﬁuﬂé’waaﬁ%ﬁ
Ugneewdannuin Ao ﬂmmwmaamamwwﬁ ‘1/1aﬂuamwuawmmmmaama gauudansgegaiissozanuinig
#3338 (physiological maturity) waqmﬂuuﬂmmwmmL:uam‘wuﬁm giuanadlagliiaunsangaviesziunisiden
qmmwmaﬁmamwuﬁﬂm 'm"l,mL‘w&Jwaaamﬁwmﬂaammmwmmmamwuq (Sripichitt, 2012; Bussaba et al., 2017;
Dornbos, 1995; Finch-Savage, 1995) saifissnsinsidiounmunniudurindis fusuieitugnssuuazaninianden
anmwwndenluvazfwdneyszninsswamivuduuiluulasugnuazaninnadeuluseninanisidvinu Tag
anwandonifinatonmuasdaiusiididyfo sungluasarutuduindlueinia fednuarerniawuuioutu i
anmemalulszmalneszdmavhliudniusivdeununmliisnidnvarematuuuiauasfuluwmeugy &
nsfnwATefivannvanslumsnetsUiueuamvssndaiusifinsdenquninsyduniud lrdgmnmgeiy
ﬁuﬁqﬁﬁiwmudﬂé’waﬁﬁ’uLuﬁmﬁ’uﬁ:ﬁwmwﬁmﬁa m'im'%aumﬁnaﬂim&Jmimmumi@ﬁﬁwmLuﬁmﬁuﬁfdauﬁﬂﬂ
Uan (seed priming) V'?ﬂi'fmﬁm%'aum‘idaﬂsummﬁmﬁ’uﬁ:ﬁmaw?% wiAsfldTumnAe nsutmdaiugluaisazane
(osmopriming) T84891A® ﬂmmimﬁmﬂ’uﬁ:’l,uﬂ;’] (hydropriming) (McDonald, 2000) Bussaba et al. (2017) 5784741
MsLe3BnNSsenies hydropriming iunan 72 Hluamdeiusdnlsfusiduuniiausongsan 75.0% vaziiudn
‘W‘L!ﬁ‘wliullﬂ”l‘iLVliEJiJﬂ’]‘NamJﬂ’J’]iNaﬂLWEN 59.0% Banjobpudsa et al. (2017) 57841431 N1IMTBUNITIBDAAIBITAS
$1199) m hydropriming Juan 24 waz 48 F2lus wie hardening Junan 24 uag 48 93109 wie osmohardening
Juinan 24 war 48 99lus wax traditional soaking maﬂ13LL%Luam1uuwwqquuuaq Junan 24 Falus wdadals
wuguas nusen 93.0-97.0% vauzfwdndluldiniennissoniaaucen 78.0% Farooq and Basra (2006) 516474
31 3 euuAnRugd19laeds osmohardening luansazany KCl AflAndnguetn -1.25 MPa vilihaandaiug
KH282 fimusen 87.7% wazlikands 3.23 fu/tanmns qﬁﬂ’hmwmaﬂLLagwaNﬁmmmuﬁmﬁuﬁ:ﬁiﬂﬁm%umsaaﬂﬁﬁ
A39DN 79.7% wazlinandnliies 2.71 fu/ianm1s Abdallah et al. (2016) AnwWaresisni1suaziiallunIseIeunIg
1BNVDANAAN LTI 3 Wug (Inpago-8, IR64, Situ Bagendit) 518971731 nanfwusaudmiumssunisieniaeis
hydropriming waz osmopriming A2E@15aza18 polyethylene glycol \udu 100 ﬂ%JJJ/“IE’] 1 @ms (PEG 100 gL ™) A
1981 30-36 Uz 63-69 Falue AUy widanugdn 3 Wug ‘ﬁm'lmaﬂLaﬁﬂqdﬂdwLmﬁmﬁuﬁﬁlﬂm”m?aumﬁdaﬂa&mﬁ
HedAgy Hussain et al. (2006) 'ﬁ&mmfﬂL;Jﬁﬂﬁ’uimumﬁuﬁﬁmﬂﬁm’%&mmiﬁaﬂ‘[mamiuﬂuﬁgmaéu 24 3143 uaz
nsudluansazats NaCl itudu 0.1% 12 $2lus fivesidusiaenuazlvinandngeniinisugninemdaiug ilsle
W3BuNIeNoNlitudaAtY Aolinandnindu 2.263, 2.260 way 1.980 fu/lenans MIUEIRU

ﬁuﬁﬂgﬂ%ﬂﬂuﬂizmmiwaiwﬁgﬁmﬂ wTaazd1ils Tulnsudn 2565/66 Wiy 72.39 d1uls lanandn
Frdoniianiutu 15% sau 32.88 &1y (Office of Agricultural Economics, 2024) Tustuuiifufiufivgndals
Uszanas 1.2 §1ul3/8 eednlsfmundgnlugrufissdozadiuazordoanziidy wugdlsdnsunsd sl
Jaquudiiies 12 s loun Julleanas a1aldlad nenngeen Fiuaidu 1{nge ‘f’lg Laee dutines gl
willgasveoliili 4 019 258 wagtuuieadud Tnandnauususiusening 210-456 nn/ls (Rice Department, 2024)
Lm'Lﬂwmmdquimgsl%'ﬁuﬁﬁmﬁm Afunvimdaiugliies Jsnsfvirvindaiugnuiveanumsnsilifinnsaiun
E}]mﬂ{]ﬁLLasﬂ’NN%ﬁLﬁUL’Jﬁ’]‘Ui%NWm 7-8 o noudaggniaimnzugnluddnlugesniliudniugidounmunin s
wissnwaaugnewdluugn (pre-sowing treatment) i mim%mmﬁqaﬂimamuqumiamﬁw (priming) ®138NTEHU
msqaﬂsumLuﬁmﬁuﬁ:%ﬂﬂﬁqﬁu éi'fd%dmaiﬁmﬁm%fg@ﬂmLLasmawﬁmqqsﬁumulﬂﬁw nsAnulundsils
Inquszasdifle AnvinavesnSeumdniugieisniseing 4 deanuenuazamuudusswoaudaiuginliiugany
Wou
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ad =
A9N1IANWI
wasuginlsiugaudouivssylugaimanafinuaziivsnulugiduiionmgll 6 esrwadea WWunar 1 Y danusen

v v
=3 o

71.0% YHURUNTTNAAOILUVANELY 0] (CRD) $119u 4 91 wilaiiug 50 wn/gn TnmsAnuiiseasien ddl
NSIATEANAANLS

mim‘%wLuﬁmﬁuﬁ:ﬁaﬁlqmamﬁﬁwmsﬁmﬁﬂuﬂ%ﬁﬁ 10 n5513% faid

n) hydropriming #® ﬂ15LLszj'Luﬁmﬁuﬂuﬁww%’aﬂﬁﬁ”waaﬂ%wu ﬁqmmﬁ 18 seAnwaldea Wuian 24, 48,
72 uay 96 Halus wrduthesnwomnaq wddahluiduiisuussuna 3 TuntesunsyilrruduluadamdeUssua
10-12%

%) osmopriming Ao Nsutdniugluamsazarsluunadesilumn (KNO5) iudu 1.0% flgamail 18 oen
wavdoa WHuian 24, 48, 72 waz 96 Falu mmfuﬁ’mmﬁmﬁuﬁfé’qmfmézuLLas%’mfﬂaaﬂwamwm wdr3ahluislud
sudszanas 3 funSesunseismnutulusdamdeUssana 10-12%

A) traditional soaking %wﬁuﬁ%ﬁmwmmﬂ%m?&mLuﬁﬂﬁ’uidauﬂgﬂ Im&mnwjmﬁmﬁuﬂwfmism i
paumgiiviesdunan 24 $ilus udriuihesnwevinag udSuhluiduiisuussana 3 Sunfesunseiimuduluade
wideUsyuna 10-12%

q) Luﬁmﬁuﬁ:ﬁiﬂﬁmm%umiaaﬂ (non-presowing/non-priming) LﬁuﬁawmaaaﬂaUﬂu (control treatment)
N13ATIVHOUANNTNVDANEANUS

Unudaiugannnnssuislunsvaeuamunimuiaiugie nsIa0UAIINBNNIRTEIU (Interational Seed
Testing Association, 2019) LLavmmLLSI’TQLL%W@JLuﬁmﬁ'uﬁ‘%;wivﬂauﬁw Fruauuildlunissen dudniseen
(Association of Official Seed Analysts, 1993) Wadmiﬂ.um‘idaﬂ (Ruan et aL 2002; Banjobpudsa et al., 2017) wag
Ansu i (electrical conductivity) manmmmjt,uamwuﬁ f51wazidun mu

L. M3ATEOUAIION (germination test, G) Tngdnudniugsiuau 50 win/gh Medeslundomanadin
FLammmsmvmwmmmwwvLuawm 2 $u wuzumsmﬂauuﬂﬂmulwammu 25 mmwawjaa AFIATUAIILION
suaqLuamwuﬁﬂmmmamimwv 41 ‘maamﬂuummuwmmavmwuumwmaﬂmqammw 14 AundIinswig
winiius Inetdudnisnuesfiugou (radicle) seneeninamnmuriisdnyszana 2 faduns winhdeyadituiinlaly
AUIUNY

1.1 Woesl@urai1ueen (germination percentage; G)

G= FruuLdaisen x 100

ﬁi”]u’JULﬁJé‘:ﬂﬁLW’IBﬁﬁﬂﬂﬂ

1.2 nanadeildlunisien (mean germination time; MGT)
MGT = Z(nxd)
N
Tne n = Swauwdsfisenudinsingluiy 7 d
d = Sruuiu Awdacenndnisinig

N = S1UIUNEATIDNITIVILA

1.3 ftin1599n (germination index; Gl)
Gl=2 [ Nt
Tt

198 Nt = S1UUNAATNIDNIUTUT t 8INISINE was Tt = Szeziial (Fu) ndInIsiwne
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1.4 andisenld 50% (time to 50% germination; Ts)
Tso= G+ [(N+1)/2 + n] (t-t)
n-n;
198 n kA n; Ao Sudafisenasauimuniistazina (fu) wisnnsmny tuaz g

Tefl < (N+1)/2 <n

1.5 wdreniildlunissen (germination enersy; GE) vanefis dndrussninssnuwdaiisennielu 4
SMF IS e URUS LIS SILATIINE (Ruan et al.,, 2002; Banjobpudsa et al., 2017)
GE = [Nty ] x 100
N

1ny Nt, = S1uuLdavianuafisenniely 3 Yundanismng
N = S1UIULEATIAUATIINNY

2. msnsratadmsthluiiwesasazaneudiuda Tnenstaiminudnan 50 win udahlvudludhngy
100 ua ﬁqmmﬁ 25 *& i 24 Falue ntuiadnniliihresesaraethududngas EC meter mirefaiu
LS/cm/g-seed
nMamAndulssAnsauduiusssndnanuseniuanuudussvaaudariug

wAnduUszAvSanduius (multiple correlation coefficient) syremnusen Uiy nauuduswes
wanug 5 dnwauzsae Statistical Analysis Software (SAS) (Syphus, 2024)
nsiRssideyanan1snaass

1ATINANUUUTUTIU (Analysis of variance) Yostayanan1snAaaeme SAS (Syphus, 2024) uag
\WisuifleuAnaisresdmaanemnuds Duncan’s Multiple Range Test (DMRT)

= a L4
NANIIANWYILAZIAITU
% o v Lo & A a 2 o v o o & a

winustnlsiudauieuvssylugamatainuasiusneluddudunat 1 U fanudu 11.5% ausen
71.0% %&331NN15038UN1598NREInTIvdeUR M NLEaTUg luiesUfURn swTeuiisududaiug ilidngs
LIENATION WAN1INARRE fall

§ < I . .

1aIIUAAIIUNBN (germination percentage; G)

NSWsELN1SIBNEIETEN19A1 ibiudaugdaiugauieudivesidudinistonuansieiu (p<0.05) Ing
11391 hydropriming Jwian 24, 48 waz 72 Flus uay osmopriming Wuwian 24 Falus vibiudaiuglesidud
nssenainInuiaiugnlilinseunisen (p<0.05) fe fiAruten 83.5, 81.5, 83.0, 83.0 waz 71.0% MINEWU Vauzd
waaugNwIeunsenmudsiinunsnsujun lnenisudwiaiugludnfigumgivesduaan 24 43104 (traditional

. 09 Y & o ea ' & o a1 a W o ' 1Y) | A v o W

soaking) wﬂwLuamwuqummaaﬂ 76.5% m%uamwquimmaumidaﬂ (71.09%) LLmiuLmﬂmaﬂua&muuamﬂ@mﬁ
i (Table 1) @wnn3vi hydropriming WWutian 96 Falus lwanitugeen 77.0% Indidesiunisinienwdanugniuisi
nuasnsly (76.5%) wazlduand1aainanuenveawdniugililinseunissen wanain hydropriming Wulaan 96
2l Wunarfuwiuly vagn osmopriming Wuian 48, 72 waz 96 Talue waaini1ueen 74.75-78.50% wayl
wANF9AUAIIENTB LA LT T L lAnTBun1sIenuaAaTuS TInTaun1ssenmudBTiinunsnsld denndesiv
3718971U338U89 Hussain et al. (2006) 51847431 hydropriming vinlivumngJuiug Hysun-33 fidesidudaiiusen
nssaiulafniuazlinandngeniinisugnaewdeildlinieunissen wuieriunuideves Banjobpudsa et
al. (2017) As1eudnudniuginugyasimsounisienlaeds hydropriming Lwaan 24 uaz 48 4alus uay
traditional soaking #A311138N 90.50-97.00% g9n31 Amsenveudniugiililinieunissen (78.00%) a9l
Hydeny (p<0.01)
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fvtiainugan (germination index; Gl)

wlaiugffnseIounisiendieiBnsineg wasilildinieunssendidvdauenuandiaiu (p<0.01) T
hydropriming Lutian 24, 96 $7lus wag osmopriming Wuran 96 Falus fifudanusenganinudaiugieFounis
qaﬂmu"?%ﬁmwmmﬂ%’uazLuﬁmﬁuﬁ:ﬁiﬂﬁm?aumﬁmﬂ Tawilfytininugen 34.88, 35.27, 34.55, 28.48 uag 27.96
iy (Table 1) drudadanusenvesudniusinlsiudauiouiinisniounsendieiziug ddvdamsen
29.67-31.91 ﬁL.Luﬂﬁuqqm"]ﬁmﬁmwmaﬂﬂuaqmﬁmﬂ’uﬁfﬁliﬂﬁ’i’m?&mmiaaﬂ (27.96) @0AAAOINUTIINUVDS
Banjobpudsa et al. (2017) 51897191 M3wFeun1ssonseisnsene iliudeiuginlsiugyanisviameen
5EWINg 37.08-43.75 g4ni1 (p<0.01) fudanusenveawdaiusiililldiniounision (23.30) uavaenadosiunuyes
Dezfuli et al. (2008) 5189131 hydropriming {uiaan 24 uag 36 Halua wiasuginlnaaeiugwiliduiainusen
qdﬂ’jwmémﬁlﬂﬁm%umﬁqaﬂ Aadlawtialnugen 23.28, 26.17 Uay 18.53 MILE1AU
nanadefildlunisian (mean germination time; MGT)

nswe3susdniugeneisnisineg ilfsdaiuginfusauieutinanedeililunisien (Fundanisimg)
uansnsiuegsfifodAyn1eaia (p<0.01) 5e33ng 2.23-2.91 Yundsmsimg Insdawus fnIounissendieds
hydropriming a1 96 3l ﬁnmm?ﬁf[,uﬂﬁqaﬂﬁaaﬁqm 2.23 JUMAINIINIE 589A9AB osmopriming Wuran
96 Hlue frnanadelunisien 2.32 Tundensmng Sumﬁimﬁmﬁuiﬁm’?&mmmaﬂﬁa&ﬁ%‘ﬁLﬂwmﬂﬂ%uamuﬁmﬁ’uﬁﬁhi
ﬁmmﬁauﬂ’maﬂﬁnmLa?{ﬂumsaaﬂmadLuﬁmﬁuﬁ:mamuﬁﬁmﬁﬂﬁamﬁu 2.84 WAy 2.74 TU BEINITNIY ANUAINU
esmnmanageunmuamvsssdaiusiluadainssinluseduios jiRnmsfeannsnnuquiladouindentim
ﬁuuﬁmaaﬂﬁﬁmmaﬁﬁLauaﬁﬁﬁgunml,a?{aﬁisﬁumiqaﬂmanLuﬁmﬁuﬁjﬁwaﬁﬁﬂWﬁwﬁaumiqaﬂé’a&ﬁ%ms&m€] Jalad
fnafuann wazadulszanivesanuuususiuvesteyananisaassiegluinasisisening 6.44-8.27 1Wesidud
(Table 1)
wasulun1sean (germination energy; GE)

NS BUNEANUE 8359 v bihudatugdnlsiugaudeudndsanulunisienuaneiaiu

(p<0.05) 5¥wing 72.00-82.50 TneindniugiiiaTenn1ssonse3s hydropriming luan 24, 48 uay 72 Falus uaz
osmopriming futaan 24 dalas findsaulunissenasan 4 suduusnivindu 80.50, 80.20, 80.00 wax 82.50 MUY
sumz'ﬁ'Luﬁmﬁuﬁﬁlﬂﬁm%umsqaﬂ LLasLuﬁmﬁ’uﬁ:ﬁm?ﬂuﬂﬁqaﬂmﬁﬁﬁLﬂ‘wmnﬂ% finaslunissen 72.00 uag 74.00
AINAIAU é’w%’vmﬁmﬁ’uﬁ:ﬁLm?aumiqaﬂﬁa&ﬁﬁmiﬁuﬁ fio hydropriming 1Jutaan 96 421a waz osmopriming tHu
AN 48, 72 uaz 96 2l findsulunissensening 72.50-79.00 5&LLﬁdwxhig_jdﬂdwasmﬁﬁ’ﬂﬁﬁfgﬁat,ﬂ%ﬁmﬁﬂuﬁ’u
winusilildin3eunssenufiunliigandn (Table 2) ﬁdﬁ?uLuﬁmﬁ’u'ufsi’hﬂi'ﬁLﬁu%’ﬂmlﬁilﬂunmmu 7-8 \fiou nou
ﬁﬂl"di%’lﬂul,uﬁmﬁ’unfﬂ@ﬂm‘aﬁnm‘m’%&mmidaﬂimaﬁﬁimiﬁuﬁn 6?5@'3%‘1’7‘mmsamﬁwﬁuLwiazﬁ’uﬁ:mmmﬂ@mﬁ’u WANIT
w3sadniusneulgnauisnisiinuasnsliifuisnsfiazannyildie wazdmiuinlsdsdnlngugninemdnas
IuLLUaﬁImﬁlmqLLa”’giaNuﬁd%ﬁwuLﬁamiqEmsuaqLuﬁml,azmiw%tyLﬁuimsluuﬂamaamq@waﬂauﬂ sefudeutwdn
ﬂ’u’é‘luﬁmé’qLLugﬁﬂﬁﬁ!&aw’%amﬂme'auﬁ] Tadeiusuraiiovgauuiunssendeuilugnaslunlas tesinnis
m’%am’maﬂﬂ'auﬁwmﬁwﬁ’usﬁlﬂﬂqﬂ‘L‘uLLUm%ﬁﬂﬁLuﬁmﬁ’uﬁﬁtﬂai%ummaﬂLLagwé’Nmeurmqamﬁuﬁu (Table 1
wag Table 2)
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Table 1 Effect of pre-sowing seed treatments on the germination and seed vigor of the Samdeun upland rice

seeds
Treatments Germination (%) Germination index MGT (days)

1. Control (non-priming) 71.00° 27.96° 2.74%°
2. Traditional (soaking in H,O 24 h) 76.50° 28.48° 2.84°
3. Hydropriming 24 h 83.50° 34.88% 2.520
4. Hydropriming 48 h 81.50% 31.91% 2.75%
5. Hydropriming 72 h 83.00° 30.98" 2.77%
6. Hydropriming 96 h 77.00° 35.27° 2.23°
7. Osmopriming 24 h 83.00%° 30.49< 2.91°
8. Osmopriming 48 h 76.00% 30.04¢ 2.65%°
9. Osmopriming 72 h 7475 29.67° 2.4
10. Osmopriming 96 h 78.50% 34.55% 2.32%
Fotest * xx xx

CV. (%) 6.50 8.27 6.44

* significant at p<0.05 level, ** significant at p<0.01 level.

Mean values in the same column followed by the same letter are not significantly different according to DMRT.

nafildlunissen 50% (time to 50% germination; Tso)
miwﬁ&mmﬁmﬁuﬁ:ﬁaai%miﬁm"mﬁ’uﬁﬂﬁmﬁmﬁuﬂﬁ’fnaﬂuminaﬂﬂ?qwﬁwaqﬂawuqanﬁnmw‘%aﬁ'naﬂu
13980 50% WANAI9AY (p<0.01) 58WIN4 1.71-2.55 Tundanisinig (Table 2) InoiudaugfnIoulneds
hydropriming 18uiian 96 Halue Maatlunissen 50% L%’J'ﬁqm 1.63 TUNAINITINNE TOIENUIAD Luﬁmﬁuﬁ:ﬁm%wmi
3on1AEs osmopriming Wunan 96 waz 72 alus Thnatlunissen 50% Usvana 1.71 uay 1.86 u vazfladaiiug
AliifnswIeunissenldiaalunissen 500% Uszanm 2,55 Yu daudaiugiinisunissenmuisiinunsnsu fUaly
naluniseen 50% Uszunad 2.40 Tu sﬁaﬂWﬁﬁLuﬁmﬁ’uiqaﬂ%ﬁ]8‘1/‘1"11ﬁmﬁé?ﬁﬁmaqG’Tuﬂa”'l%w'mlﬂéh&J ﬁﬂﬁﬂ’]iﬂ@ﬂ%’n
quaﬂﬂuwmﬁmﬁﬂLawwsﬁmu midaﬂ%muﬁmﬁuil,l,asmié?dﬁwaaé’umé’wﬁimL.%aﬁiauLﬂuwaﬁﬁiamﬁw%zylﬁuiml,as
n3lvinandnuaIt17 (Banjobpudsa et al., 2017) Lﬁmmﬂﬂ%fmmu,az:ﬂﬁﬂszmwaaﬁ;muﬁﬂ%lﬂaﬁﬂLauamaam@
w1zdgn
Ansilirvesansazaeiisalvasnuiniug (electrical conductivity of a soaked-seed solution; EC)
ansazaneiilvannudeiudifinmaniounmssendstusidnsiiiwendsiuegnadidod dmsada
(p<0.01) s¥wina 12.38-41.38 lailas@uud/dufinns/n3u-udaiug (LLS/cm/g-seed) TnoidnitusiivSeunmssonse
8 osmopriming A Msuddniusluasazansluunadesilunsn (KNO,) Wity 1.0% figaumgdl 18 v Wuan 24,
48, 72 war 96 F3lua wud m‘iazmaﬁiﬁmﬂmﬂmj'mﬁmﬁuﬁ:ﬁm’%wmiqaﬂéhaiﬁﬁﬁmmsﬁﬂ,w%ﬁsij 33.35-41.38
us/cm/gseed  ganimsthliiivesssazaneiildannsudsdniusiifinseieunseneisiug  (p<0.01)
losann KNO; v‘fﬂﬁﬁaﬁ:m%aa‘ LazeIBILAN 9 meluwadidene (injured membranes and cellular organelles)
(Basra et al, 2005) viliansusznausne 4 Tuwdeiug wu mslulewnse Wiy lusiu 3aniiu uazussinsneg $lva
ponueglumsarasudiudaiusinnniiansaransuddniuiieunsenseisoug  Aldnsthlidh - 12.38-
13.03 US/cm/g-seed uazannniansazasanwaniiugilalliisSounisseniifidnisilidh 22.23 1S/cm/g-seed
(Table 2) iflosanuidniusiililunsmaasdldriumaiiuinuidunm 1 9 viliinadenveaderfuuazefoze 1
meluwad Lﬁaﬁwmﬁmﬁ’uﬂﬂm%umiaaﬂ TneAgnnsusluthau3afiinunsnsly uayds hydropriming tJutian 24, 48,
72 uay 96 Hlus ylansusznause 1 TumﬁmﬁuﬁdawﬁﬁﬂwaasmEJaaﬂmagﬂuﬁﬂuﬁw’mmsm%uLuﬁm‘ﬁua:
(Basra et al., 2005) ﬁﬁﬁﬁuwé’ﬁmﬂmiwﬁamuﬁmﬁuﬁé’aaicﬁmimmﬁuﬁa Foildfansusenousne q neluwadsalug
onuegluasararsannsutmdaiusivinnuanas  dwalrinisiilwivesensazarsannisusmdeiugising
LH3UUNITIDNGIBITNITEN 9| mdwﬁﬁﬁhﬁwﬂ’hmiazmammmﬁmﬁuﬁjﬁlﬂﬁm‘am‘%‘aumsqaﬂ
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Table 2 Effect of pre-sowing seed treatments on the germination energy and seed vigor of the Samdeun upland

rice seeds
Treatments Germination energy (%) Ts, (days) EC (LLS/cm/g-seed)

1. Control (non-priming) 72.00° 2.55° 22.23°
2. Traditional (soaking in H,0 24 h)  74.00™ 2.40%° 13.98¢
3. Hydropriming 24 h 80.50% 1.94%% 13.03°
4. Hydropriming 48 h 80.20° 2.15° 12.83°
5. Hydropriming 72 h 80.00° 2.31% 12.38°
6. Hydropriming 96 h 76.50° 1.63° 12.80°
7. Osmopriming 24 h 82.50° 2.40%° 33.35°
8. Osmopriming 48 h 76.00% 2.20" 34.70°
9. Osmopriming 72 h 7250 1.86% 41.38°
10. Osmopriming 96 h 79.00% 1.71° 40.98°
Fotest * % %
CV. (%) 6.30 9.42 7.94

* significant at p<0.05 level, ** significant at p<0.01 level.

Mean values in the same column followed by the same letter are not significantly different according to DMRT.

ANFUNUS TN I19ANMAIBNAUAINUTIUITIVBAUNEANUS (correlation coefficient between germination and
other seed vigor)

winustnlsiusaufeudifinanioumdeiugingiBnise q Wethluasvaeumiusonuazauudass
YouuaaNug Wy Weddudnissen  dafinnsien panedsildlunisen  wdwnulunmswenuazainisilniihves
asazaneilvannudeiugian  uazidethdmiedoyasdins 9 finsnaldvanidlumanduiug  (correlation
coefficient; r) s¥insdnwy wauanslu Table 3 wul Wesiuniseon (G) Aanuduiuslunisuinegrsited v
fatinseen (G) wazndsnulunissen (GE) laefidulssdnsanduius () serinesduvindu 0.48890%* way 0.94406**
auddu (Table 3) d@uduUszansanduiusseniadesifunmsensummsilniwesansazarefisrlnaainudn
wiug (EC) frnduau (negative) uslsififodndymieadii (r = -0.26309™) wnsANuiwdniugasianmsthlniihves
a’h?asm8ﬁ§alwaa1ﬂLuﬁmﬁu§qn fuunltuesiivesifunisens ﬁaiﬁmmmuﬁmﬁuiﬁﬁmm‘aﬁﬂw%wadmiazmﬁl
ﬁ%ﬁlﬁﬁ%ﬁﬂLuﬁmﬁuﬁqn WAAII daumam?ﬁaﬁuL;Jémﬁ’u’uﬁﬁamaw‘f’ﬂﬁmiﬂﬁxﬂawiw 9 meluwadluuiniiugazane
oonugansazans Tnglamzussiuiasig o Auszglnin wu Tunaden wuniidey unadesman siliansazaned
ﬁﬂﬂﬁﬁﬂﬂ/\lﬂ’@ﬁﬂ’hngﬂﬁuﬁ:ﬁﬁm‘iLﬁ@ﬁJ@mﬂﬁWﬁaﬁm’jﬂ Luﬁmﬁuﬁ:mjuﬁﬁm EC QﬁﬁflLLuﬁIﬁMﬁﬁ]%ﬁLUE)%L‘%um‘idaﬂffl;”l
mfﬂLuﬁmﬁ’uiﬁﬁmmiﬁwvl,‘vxlﬂwmmiazmaﬁ%”ﬂwammuﬁmﬁuéﬁw

Table 3 Correlation coefficients among seed vigor traits and germination of pre-sowing seed treatments of the

Samdeun upland rice seeds tested in a laboratory

Gl MGT GE (%) T50 (days) EC (WS/cm/g- G (%)
(days) seed)

Gl 1.0000 -0.69974**  0.52449** -0.81846**  -0.07794 0.48890**
MGT (days) 1.00000 0.19047 0.92848** -0.21976 0.19733
GE (%) 1.00000 -0.08522 -0.16391 0.94406**
T50 (days) 1.00000 -0.18845 -0.12054
EC (US/cm/g-seed) 1.00000 -0.26309

** significant at p<0.01 level.
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UNANYD

nsfnwluasslifnguszasdiiieAnwivszavsammaiasapivln Alafindner warUszAnsnwnsdumu
WouuaiiZeluvarminilauomsiasuansaialuadavniifssfusaty YANITNAGDIINUTENOUMIEBIMITLATUANT
afmluiainurisingiu 5 52Av; 0 (ganauaw), 5, 10, 15 uaz 20 nSusenlansy Lﬁaéu&jﬂﬂﬁﬂiﬂa@d 8 dum9t lainumanu
waneiusEnIengunaaeslulsednsamnsiasyivle (P>0.05) sqmmi'wmaadﬁaadwmaaJL??&JaaniaﬁaammiLa%u
ansataluadinunafisheiu 5 sedy; 0 (wanuAw), 10, 20, 30 uay 40 niusiedlansy wadlviowmns 2 dawimegey
UssAvsnmmsiuidedenisiadenelse Aeromonas hydrophila wawinn1saaide 7 fu wuannguilduans
aftndi 20 nsuseRlansuiidnsisen (80 %) AnTympuaudililasuansania (0 %) Alafindineludafildsuemsiasu
miaﬁ’miuLaﬁmm’ﬂuﬂajmﬂmﬁlﬁ%fuaﬁaﬁm 20 nsusenlansu LﬁaLﬁsmﬁ’uﬂmﬁﬁummﬂum&jumvﬂu wuUSHausad
Windeauas (RBC) 3.34+0.11x10%uL way 1.82+1.58x10%/uL wazidaidona1n (WBC) windu 1.83+0.51x10%/uL uay
1.33+1.20x10%/pL muddiu uwnnsnsiuegnasidodidnmsedia (P<0.05) Adunlandn (HTO) wugsiaslunauaniilssy
ansafn 40 n3usieRlansu (25.67+6.03 %) nwan1sanazUliinsEduemnsuanswieasainlutainunn ¥ie
\isUszansammednulafininen uasUssavsnwnisduie Aeromonas hydrophila

AdAey: Lafinu1 welsluuua lelasilaan Yanansw lafininen

Abstract

This study aimed to investigate growth performance, hematological parameters, and antibacterial
efficacy in carp fed with different levels of Melaleuca cajuputi leaf extract supplementation. The first
experimental setup consisted of five different levels of M. cajuputi leaf extract supplementation: 0 (control), 5,
10, 15, and 20 g/kg. After 8 weeks, no significant differences were observed in growth performance between
treatment groups (P>0.05). The second experimental setup involved feeding fish with five different levels of M.
cajuputi leaf extract: 0 (control), 10, 20, 30, and 40 g/kg. After 2 weeks of feeding, antibacterial efficacy was
tested by challenging the fish with pathogenic Aeromonas hydrophila. Seven days post-challenge, fish receiving
20 ¢/kg extract showed a higher survival rate (80%) compared to the control group without extract
supplementation (0%). Hematological parameters in fish fed with 20 g¢/kg extract supplementation, compared
to the control group, showed red blood cell (RBC) counts of 3.34+0.11x10%/ul and 1.82+1.58x10%/uL, and white
blood cell (WBC) counts of 1.83+0.51x10>/uL and 1.33+1.20x10°/uL, respectively, with statistically significant
differences (P<0.05). The highest hematocrit (HTC) value was observed in fish receiving 40 g/kg extract

! nedvimaluladnisndndniuasyuszas aazmaluladnisinuns andumelulagnszasuindndinummsainnszds ngamwe 10520
? medvTingmaninisuseas uagndneinsmad anzmalulagnmainues aondumalulagnsgondidnunmsainnseds
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Technology Ladkrabang, Chumphon, 86160

* Corresponding author: uscharee.ru@kmitl.ac.th



King Mongkut’s Agr. J. 2025 : 43 (3) : 476 - 485 a7

(25.67+£6.03%). These results indicate that M. cajuputi leaf extract supplementation in feed can enhance
hematological parameters and antibacterial efficacy in carp infected with Aeromonas hydrophila
Keywords: Melaleuca cajuputi, Aeromonas hydrophila, common carp, Hematology

o o
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Uarasn L‘UwzjaLﬁaﬂﬂaﬂ,uaﬂammﬂuﬂuﬂaﬂu o inermans (Cyprinus Carp/o) Lﬂuﬂmuwwmmaq
mmuaﬂumnmﬂﬁummm’m ‘mJ'i‘umaa”immaquwwuammwLLmﬂmﬂm Fuduwaniilarufleondeiuogs
wwsvany Uandndndulamesnuiildldfiiududalulne  witlhgdunanefudumdsesndifussneumsineliena
aula msthundesludsvndlneinasuszaudgmnsislsalnsiamemsinidouuaii3esiia Aeromonas hydrophila
anﬁﬁmﬁ?ﬁua?umwzﬁﬂﬁmmﬁauwé’u LLaza%'NmmLﬁsmaiﬁ’ﬁ’uLﬂwmﬂiﬁl&wwé‘ﬁmaéwmm amsUandianosdl
unauudianluddldfovs fideneenmuguaiuvielivies wardsonmsuin funaluginindnudu Uaiiadesy
WARIDINITNBIUIMN (ascitis) iuﬁaa%ﬁﬂfﬁmﬁmﬁu oTurznelunavdrldlinismniden (hemorrhage) (Wangkahart,
2018) Fagesfinsdnnislusudanndon n1stlesiu wavn1ssnwilsadia (Tebsun et al,, 2016)

nstlesiu Snwlsefnidouuniie dousnudesufioue Saleuld tetracycline, ceftazidime wag amikacin
(Kanchan et al., 2018) ImEJ%IUmﬁ%’ﬂwﬂimmﬂﬁL‘%&JT‘L;‘Uﬁwﬁgﬁmwﬁeﬂ%mﬁmﬁ;aﬁw 2 ¥iln loun eonTanidondu
uazlsium-30 (Yuwapanichsamphan, 2022) mﬂ%’mﬂﬁ%aumazmsLﬂmumﬁ%’ﬂwﬂiﬂamL%alué’m’iﬁ%ﬁu%%mﬁmaﬁ
Lm'ﬂ151%@GﬁﬁLLﬁﬂ%LLUUMﬁmiﬂ’m@um%xﬁﬂﬁﬁdmﬁam wavenildervdmaldesiodundey wionndsludnit
ﬁﬁ&uﬂﬁiﬁﬂﬁ%ﬁguﬁﬁuﬂ%ﬁdLﬂuaﬂWNLﬁaﬂMﬁdﬁﬂ’laﬂﬁ] WNIIALANNT0ANVTENARNUNTITETUR TN wazannsly
ansiail anmsuudeu linansandnefidwansznusiodn i HUSLAA wazan wwngeu 5ﬂﬁgﬁﬁﬁjagu"l,w3mmsamlﬁ
318 (Tebsun et al,, 2016; Deangroj et al., 2022) LLasé’qsdaaamﬁunuiuﬂW5ﬁ'§aaw agulwsv«mmjﬁmé’asdwé’vg’mmﬁzg
vouTaqduvddeneg fdaouyadasy (antioxidant activity) anamiaden nssduszuugAuY (mmunostimulant)
i alkaloids, flavonoids, phenolics, terpenoids ikag essential oils (Rattanachaikunsophon and Phumkhachorn,
2010)

ﬁ%agulwwmamﬁmﬂwmdaﬂuaamﬁﬁﬁm Lﬁaqmﬂﬁmiﬁwﬁzwmamﬁmﬁﬁqw'émnmé’ﬁw&J'l wuanslungumn
aluesduar alkaloids Aifgrssumssnavswtugnseuy dnmsthiuvenszvevesitvluned Myrtaceae wnld
Uszlevinateniu LﬁaamﬂﬁwﬁuuamzmﬁmaaﬁmﬂfjuﬁﬁadﬁﬂﬁgﬂavmamﬁLLasqmémqmﬁmauia (Khongsai et al,,
2019) 1y 1afiarm (Melaleuca cajuputi) ansngnuadiinululuadisunifidmsasluniseengninisdaniw wu waila
uows, Wmasiussd, a15Usznauiiuedn, alpha-tetralone uay 1,4-nepthalenedione (Sahimi et al., 2022) M33ATIZY
duvesd it T wasidavesadinum wuhidasuuiuiuesdussneu luduenhiuain (Cajuput oil) Tassman
Mee1Ade Eucalyptus oil Wiudunanvossmslos thituine srsnwlsasine Snwids sndelse T duenszsu way
shewens Wud (Khongsai and Vittaya, 2019) 9annshuninenisesunavesnisidiadiouiludaioh Sahimi et al
(2022) '3’1&Jmmﬁijaiﬁﬁ’nﬁmﬂsmﬁummim’%umﬁaﬁ’mLaﬁmsun 60 Ju Alaiiningd %aqﬁdﬁﬁummsLa%umiaﬁ’maﬁm
gl 15 ﬂiumaﬂiaﬂﬁumeunmm&mrmmﬂamamu Hamdan et al. (2023) ‘iwmmﬂummmimwLLszﬂuaﬁaﬂm
w@dinun 0.85 Niuredns ‘W‘umiaumwaﬂiuqnﬂqmmmaaqwimsuaWiaﬂmLamszmmeunﬂﬂquLuamwmﬂqumuQu
Hassan et al. (2023) steauimsugvainnueniuluasaiaainungieinviuiaunalafninefTuzmasdoniu
Wsgausadaeeale ﬂﬁ]ﬁ;ﬁ’umﬁm’mqmmwﬂmﬁmﬂs’ﬁu‘[mﬁé’aLLinmIaﬁm"?mﬂ Wy wadidindenvnn (WBC),
wadllnidoauns (RBO), Blalnadu (Hb), wazdunlaein (Het) WBC Tuidontgluesnsnouaussvessyuugiifuily
INNY VBNTINISHAALBUAUDA phagocytosis LLaxmsﬂa'a&JI;JLaqaqﬁﬁuﬁ’uﬁm%’umsﬁm% (Giri et al., 2024) Hb i
wihfiddalunisimnatsy RBC waviuanzvesnsdseendiuluduiiodelusienie Sunlaase (HTC) Wusarimue
USinsvesdnidonuns (Abarike et al, 2022) ﬁﬁﬁuﬂﬁiﬁﬁﬁ%ﬁﬁ{ﬂiwﬁjJ”IsL‘i’JJL'idJUVl’NL%E]ﬂlumiL‘W’ISLgﬁlﬁﬁlﬁl’jﬁ’nﬁla%’ﬂiﬂ
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faifu 5 sedufio 0 (rauAw), 5, 10, 15 uaz 20 n3u/Alandu Wowsmanesegrafivamoiuas 2 afs 151 08.00 u. 1Bu
16.00 u. tJunan 8 dUa 5’mmmwﬁﬁwdwmﬂ?§"&m wasifusetsinsarueslais lulasy daviaz 1 ads
WabudethdUnviay 1 ade LLaszmzﬂaui’uazﬂ%u’wﬁqm'ﬂﬁmmitﬁu sqmmimam?iaamﬂmmaaﬂLflu 5 NEUNIS
nAas Udazngummeasssenausiglal 10 63/8 Tnglomnswavansataluasinuniissduaududuseiy 5
sEAURD 0 (AIUAY), 10, 20, 30 uag 40 nfu/Alansu e wnsnaasseeuiismeiuay 2 A% 19 08.00 u. 1 16.00 w.
Wunan 2 #@avi Tnedumeunismaasdldsidunsmuuuimanislddnfiftecuddonemenmanslagtnue
LﬁusuavmﬂﬂmsﬂﬁiumiﬁﬁumigLLamsm"wLﬁuﬂﬁﬁiaﬁmitﬁamumﬁwmmam% andumalulagnszaeuinaiinm
NUITANNNTEU (Lasuﬁ ACUC-KMITL-RES/2023/012)
N15ATIANT3IYAULR
%ﬁﬁwuﬁﬂﬂamﬂ@h 71 3 6 nn 2 dUai WDuan 56 T Lﬁ'a"?meﬁmmﬁfytﬁuimmﬂmﬁqﬁ
Shuihiifiatu (Weight gain; WG) = ﬁmﬁ’ﬂqmﬁw (n%) — shwinidudu (n$w)
ATty = ANNEIAAYNY () - ANENISHIY (2)
Snsimsuaniile (Feed conversion ratio; FCR) = dhmiewnsiivaniu (ndu)/dwindaniiiudy (nf)
-Bn31N1593sAUlaT NN (Specific growth rate; SGR) = (lnﬁ{mﬂ’ﬂqmﬁw— InthwirdniSudu)/Auauiui
L?:m x 100
AsNadauATlaRnINgn
Tnetanfigesnisiiuseganvhlfaauludsiifionaay (Ms-222) auﬂ’hﬂawwqmmﬁmﬁaﬂm W&t
Mnsnzidenlaiusazianidudenusiianenns (Caudal vein) meldudneues 24 G Lagnszuonaneaun 1
{lad8n5 naade EDTA tiedesfumsuisiveadenanianindoniangldumnelainine (Hosseini et al,. 2020)

A15911A1 Hematocrit index (HI)

mMsTaUsunaweudndeaunsdauiy  (Pack red blood cell volume) wu3edunlansmlulannieds
microhematocrit method ldidenasu capillary tube uddadunisvemasnnaassieiuiniy tmaealdiumios
FeLA3es hematocrit centrifuge Suiind1 Hematocrit index

Total protein

THduangidonfindevans Heparin wizidenuaild Eppendorf 11 Eppendorf Aladenlutuvissenso
centrifuge @ serum fumissdlathndy way alkaline copper Wiy Folin uduhluindn OD #eiedes
spectrophotometer AINETIAAY 640 WIlUIAS

Immunoglobulin

THduanzidonfindevans Heparin wizidenuaild Eppendorf 11 Eppendorf Alaidenlutuvisaensos
centrifuge AA serum WagLAY 12% Polyethyleneglycol solution (PEG) LLay’Jﬁ’lVLU‘fjuLM%EN@JG] serum lanasanaans ld
thnduuay alkaline copper il Folin udthluins1 OD #aeiAdes spectrophotometer

Lysozyme activity
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THduanzidonfindevans Heparin wizidenuaild Eppendorf 11 Eppendorf Alaidenlutuvissensos
centrifuge o serum Atuudn 10 lalasansldlu 96 well plate LLé’aLam%aﬁagﬂuaﬁazaw Y uedee microplate
reader fﬂﬁmmﬂﬁuumﬁ 540 WlULIAS

nstuLdinEen

Yhidesiinzudmnaniuihendmsuiudingen udnilunenly counting chamber
nsnaseulszanswnsiunude

nmswiseuida Aeromonas hydrophila

Yo Aeromonas hydrophila fivuudandeduems Tryptic soy broth (TSB) adluvinguwun Wia3es
Shaker figaungfl 37 ssreaifva WWuna 24 Falus udahdeildundumisdlinnaznoufiaruiss 3,600 seusteundl
Wy 4 it g 3 ads iledsenmsidsadadetinde 0.85% ﬁ’lL%@ﬁﬁﬂ’NNU%?j%éM’] Streak a4ULOIMS TSA Uil
oamgdl 37 ssrwaifea WWunan 24 alus 1B Single colony adlutiunde 0.85% uarusunnudutuvesarsasans
wuafieliiaududuii 108 Colony forming unit siefiadans (cfu.ml™) Yaf1 OD wirfu 0.15 fianuead 560 W
Tulums (Meng et al,. 2022)

NISNARIUAMNATUNIULSA

manudutuiivanzay nenedeunismarnududuiiannsevilivainie 50% 7 24 4lua (Lethal dose 50
38 LDyy) Wsedumnuidudureade 3 s utazseiuldvan 5§ Sadouuniieusina 0.5 Tadans NAUAIUANAY
dagnetiinde 0.85% dunneinisuaztuiinuanisae 24-72 alus ndnmagey LDso guuaninuiu 10 Mannusay
NAUNTNARDS dadeiieududu 107 cfuml? Y 0.5 fadansihuinameie diunqu positive Sntunde
Funnemsiluszezinat 7 U uarthunmuiamsnsnissen
nsAATIvidaya

thfoyaiomauiinrsanuusuresdoyn (Analysis of variance) wasiUFouifivuaruunniees
ANlAYTEINIYANTMARDINYAT Duncan’s new multiple range test (DMRT) iszdiuannudesiu 95 Wefldud e
TUsunsu SPSS for Windows 16.0

NAN1SANE LA
msUszfiulsEansmneasewnsdeniswiyivlavestaiafndeldiuamamasssiifiviinuasataluaiinuna
fiszdu 0-20 nfudeflandu WWunan 8 fuav

nansSaiulnveslanniilduemmsiitivsinuamsatnluainuniiaieiu 5 sefufe 0, 5, 10, 15 war 20
nYusionlansu Wunai 8 dUanwi (Table 1) mslviewnsiasuansanaluadinuilifinassrsivodrfyronisasaivln
PL‘usu"JdLLSﬂsumﬂﬁ‘wmaadUmm%wiuwiaxnajmmsmmaa&ﬁﬁmﬁ’ﬂﬂszmm 10 - 12 nSusae éuqmmiwmaad 8 dUnii
13mﬁ“mgmﬁwmawmm%wwhﬁ’u 29.24+4.12, 32.11+4.91, 35.10+1.79, 34.22+0.95 uay 34.32£1.49 n3usem
gy dmiinfisdudeduannismanourinfiy 18.00£2.67, 21.56+4.65, 24.26x0.10, 22.20+1.61 waw 22.78+1.17
nfusnudiu Lifanuuandnatuegedifoddyneadn (P>0.05) arueiBudurestatasmyindu 10.02 - 10.90
\BURALLAT m’mmaqmﬁ’]EJGUENUa'1m%wﬁiﬁ%’vmmﬁﬁﬁﬂ%mmmﬁaﬁ’ﬂuLaﬁmmaﬁﬁhaﬁ’u 5 336ufo 0, 5, 10, 15 uay
20 nSusielansy IAuegavneminiy 11.44+0.84, 12.28+1.77, 12.33+0.34, 12.22+0.51 Uay 12.11+0.51 igufiuns
muaeu  wunlddauuensnsiuegnsfiveddgmieadd  (P>0.05) mmswﬁLﬁu?jyumamﬂsqmmimamwhﬁ"u
1.20+0.73, 2.08+1.77, 2.31+0.83, 1.32+0.83 uay 1.5320.94 wuimnsauasu Sswansmeasadululufiemadiontu
UUIBYDY Feng et al. (2024) Adpsaaindeemsiasunnsiumensin deasu 21 Suldwunswdsuuasd
ﬁwﬁtg’luﬁmﬁfﬂﬁ’;qmﬁw WAz Yousefi et al (2023) finmasudssUamingrsemsiasuudonsuiiu Lﬁaguqmmﬁ
npasslinuanuusnaegsiited Ay lulszdnsnmnisiyivlauisiunionan1smaaswes Hosseini et al.
(2020)  Alinuarsuanssegnadituddlunsfinefussansamnisasaiulaseriaaainiiduemsiaiuain
wWaenduluszausng q dasinisiduladinig (SGR) vemnyanIsvaaaellawiiu 1.92+0.07, 2.05+0.14, 2.13+0.06,
2.04+0.06 uag 2.07+0.07 muadwy Smansiiuladnarilifianuuandnsfuesedifodifynieadd (P>0.05) uruan
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asnitlesuomsiivsinaesataluadaend 10 nduseilandufivuilduvemanmsiivladnanuinnivainisnd
15%%@'11/113@@5514

Sasnswasuemsidudmdn (FCR) Tinuanuuansaiuegafitudfanieda (P>0.05) wiluuaniilédu
mmﬁqmﬁﬁﬂ’%mmaﬁaﬁ’mhLaﬁmnﬁ 10 nsurenlansu flAn FCR ﬁaaﬁqmwﬁﬁ’u 1.07+0.01 sosasufeUafilasy
gnsTifivsinaansataluadinunassu 5, 15 waz 20 niusenlandy SAwviniu 1.24+0.22, 1.15+0.09 uaz 1.10+0.06
AINAIAU LLanmﬂﬁwﬂajmﬁlé’%’ummﬁsqmmuquﬁﬁh FCR mmﬁqmwﬁﬁ’u 1.43+0.21 wihasatnanluadinunaeil
durenisuveustveusilidwmasdenisivemsvenainin Wuieafumiseres Meng et al. (2022) finnasudes
Uanm§n fenavesszieamna nuiie FCR Tuuanfilésunavzieumaanasuslinuanuunndegnsfiiaddaymaada

AudsTuS ST AT TR (Condition factor) YBINNYANITNARBLYINAY 0.02+0.00, 0.02+0.00,
0.01+0.00, 0.02+0.00 wag 0.01+0.00 MIUAIAU dhvinsusietveing (Hs) VBWNYANTNARBUNAY 1.19£1.02,
0.1120.18, 0.76+0.35, 0.96:0.19 4@z 0.95+0.04 aud sy Fawansiivlaveslatasninsduiinaruildiinnnuunnsis
AiuegaiitbdAyeans (P>0.05)

dhuiesoznelusedming (vs) veslaminiildsuormsiiiuinauansatnluasinanismetu 5 seeu
fi 0,5, 10, 15 uaw 20 n3usoAlany limuanuuandafueedifddymeadn (P>0.05) uslutanasndlasuenms
filUsinaansadaluiainuniiseiu 15 ndusedlan3u fldn VSI geftanwintu 23.50+1.55 wWedidud musheuandilésu
mmﬁqmﬁﬁﬂ’%mmaﬁaﬁ’mhLaﬁmnﬁ 5 way 10 ndudedlaniuwiiiyu 18.72+3.58 uay 18.48+2.24 asifusd
audIy wasUandildsuemsiifivsinaansadaluadinunfisedu 0 waz 20 ndustenlansu de Vs ﬁaaﬁqmwﬁﬁ’u
16.72+2.52 uay 16.07+3.38 Wasudnudisu wansliiiuinansannanluainviiaunsaldlaauielsuna 20 ndu
soflanfuliidssasenisiasuuasiunsaigdvlanazguaimuesUaiaim sohdunsnaaedit 2 Sdlifiniunn
ansatilonaaeunuiuudenelsAanLUATEY

Table 1 Efficacy of the diet on growth values of common carp feed experimental diets containing Melaleuca

cajuputi leaf extract at levels of 0-20 g/ke for 8 weeks

Concentration (g/kg)

Parameters
0 (control) 5 10 15 20 P-value

Initial weight (g) 11.23+1.63° 10.55+0.76° 10.85+1.87° 12.02+0.69° 11.24+1.33° 0.752
Final weight (g) 29.24+4.12° 32.11+4.91° 35.10+1.79° 34.22+0.95° 34.32+1.49° 0.208
Initial length (cm) 10.24+0.64° 10.20+0.00° 10.02+0.52° 10.90+0.33° 10.58+0.48° 0.196
Final length (cm) 11.44+0.84° 12.28+1.77° 12.33+0.34° 12.22+0.51° 12.11+0.51° 0.772
Weight gain (¢) 18.00+2.67°  21.56+4.65° 24.26+0.10° 22.20+1.61° 22.78+1.17° 0.111
Length gain (g) 1.20+0.73° 2.08+1.77° 2.31+0.83° 1.32+0.82° 1.53+0.94° 0.674
SGR (% day'l) 1.92+0.07° 2.05+0.14° 2.13+0.06% 2.04+0.06° 2.07+0.07° 0.120
FCR 1.43+0.21° 1.24+0.22° 1.07+0.01° 1.15+0.09° 1.10+0.06° 0.066
Condition factor 0.02+0.00° 0.02+0.00° 0.01+0.00° 0.02+0.00° 0.01+0.00° 0.182
HSI 1.19+1.02° 0.11+0.18° 0.76+0.35° 0.90+0.19° 0.95+0.04° 0.779
VS| 16.72+2.52° 18.72+3.58° 18.48+2.24° 23.59+1.55° 16.07+3.38° 0.051
Survival rate (%) 100+0.00 100+0.00 100+0.00 100+0.00 100+0.00

Values represent the mean +SE.
The same letters horizontally mean there is no significant difference. (P>0.05)
Abbreviations: SGR, Specific erowth rate; FCR, Feed conversion rate; HSI, Hepatopancreas index; VSI, Visceral

index
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nsUszfinvseaninnvasanmsdeanlafindngnvaslarminidioldiuemmesasiifiviinaaisaialuadauni
s¥AU 0-40 nsusanlansy Wuan 2 dUavi

nan1sassalafinineiveslarniin lssuomnsvaaesiiiivSinaesataluadauniisetu 5 seiufe o, 10,
20, 30 ua¥ 40 nfudeilandu euld¥ude Aeromonas hydrophila (Table 2) wuiarminiilsuemmsfiiiusinm
ansanaluadinunfisziu 40 nfusedlany ﬁLUaﬁ‘L%uﬁsumLﬁmLﬁamGiaﬂ%mml.ﬁamﬁu’mmmnﬁqmwi'ﬁu 33.00+5.00
Wosidud fauuansnsiuegnsiiteddymeada (P<0.05) sesaunfevaniniilésuemnsiisedu 30 niuseAlandu
fio 31.67+4.51 Wosiius uazfisedu 20, 10 waz 0 niuseRlandudAwvinty 29.67+5.51, 26.00+3.00 way 13.33+11.55
WasiGudnuaau LU@%L%uﬁﬂuaaLﬁmﬁamm'aﬂ’%mmﬁamﬁ”’wmﬁLﬁwﬁuLLamﬂﬁLﬁuﬁqﬂﬁﬁﬂmmmimﬂszﬁumia%q
maaﬁﬁmﬁammﬂé’quﬁu Ainidesundudatninilésuomsitdusinuasafaluadaais 5 sedu liflaan
uwanenafuegeliteddneadn (P>0.05) Faaonndosiunuidenes Hassan et al. (2023) Menuirudadonuns lu
Ua’wgﬂLL@W?ﬁ’uﬂfjuﬁlm”%’umsaﬁ’mLaﬁmnlﬂL.Lmﬂf;mﬁ’mfjmmu@ua&mﬁﬂfﬁlﬁﬁmmaaaa w9 smaaesiinuLLalTy
ﬁLﬁy%ﬂWﬁﬂﬂﬁWﬂfjuﬁlm"%’ummiﬁﬁﬁmmaﬁaﬁmhLaﬁmnqqmuﬁﬁu Famsiiintuveadindonunssdinging
thoonduuararsensilfaiiododiuse q 167 naveswrdindonvlularasnildsuemsiiivsinaesataly
afiavndl 20 nsusedlansuy fiendadonvigugawiniu 2.52+1.04x10° wadsslulasng Tanuuananaiuegidl
Toddymeadf (P<0.05) sesaunAevaiasnilldsuenmsitsediu 30 ndusiedlansufle 2.27+1.08x10° wadse
lilnsdns wasdisziu 40, 10 waz 0 ndusedlandufe 1.10+0.36x10° wadsolulasdns, 0.70+0.11x10° wadse
lulAsans way 0.54+0.94x10° waanelulAsans muainy ﬂ"]LﬁfﬂLﬁ@ﬂ%’]’;‘ﬁg‘]dLLEW]JIﬁLﬁuﬁﬁﬂaﬂﬁﬂﬂimaUau@dﬁi@L%@I‘iﬂ
1A ﬂ'wSmﬂuiﬂay5uLLazﬂ'f["dﬁauﬁamJENUmm%wﬁlﬁ%fummiﬁsmﬁu 5 sgAUAe 0, 10, 20, 30 wag 40 nJusenlansu
laflanuumnansiusegnsdidedingneadd (P>0.05) widnualufiiutunnuUsinaasataluadisunidiudunugsu
szﬁuﬁﬂﬁugiuiﬂauﬁuﬁLﬁw’ﬁuﬂds'ﬁu’jwﬂamﬁwﬁqﬁﬁuﬁ’wiamiéhumm%aLLUﬂﬁGEJLLanLa%’aIéJﬁ AnlUsAusImAL Ay
wanslifiufsnsivananinilassadasaniedia fndanideiudauss Arlalglivesanaindildsuewnsitusunaens
afnluiadiavniidety 5 szdu lifimnuusndisiuensiifuddymisedd (P>0.05) lualalulusifigauanslisiufonns
‘Uﬂﬂﬁ]ﬁﬂﬁ?ﬂi’]wﬂadL%aLLUﬂﬁL%EJIu%JLL’JG]éIE]lIIG]EJﬂ’]'ﬁ@@ﬂqwéﬁ’m’lﬁm‘mL%aéﬂ@ﬁLLUﬂﬁﬁ&Jlﬁa

Table 2 Efficacy of the diet on hematological values of common carp fed experimental diets containing

Melaleuca cajuputi \eaf extract at levels of 0-40 g/kg. before exposure to bacteria

Concentration (g/kg)

Parameters

0 (control) 10 20 30 40 P-value
HTC (%) 13.33+11.55°  26.00£3.00° 29.67+5.51° 31.67+4.51  33.00+5.00° 0.027
RBC (x10%.uL™) 1.2542.16 3.28+0.24 3.55+0.10 3.65+0.21 3.62+0.21 0.057
WBC (x10%.uL ™) 0.54+0.94°  0.70+0.11°  2.52+41.04°  2.27+1.08  1.10+0.36® 0.039

Immunoglobulin

1 42.55+36.94  65.10+7.57  73.15+16.20 87.64+19.12 93.33+21.09 0.116
(mg.mL ™)
Total protein

0 0.09+0.08 0.14+0.01 0.16+0.04 0.18+0.03 0.19+0.03 0.113
(mg.mL ™)
Lysozyme (UmL™) 25.94+10.90 10.44+9.42  96.85+76.60 7.02+8.00 69.62+99.97 0.287

Values represent the mean +SE. Different letters in the same row are significantly different (P<0.05).

Abbreviations: HTC: Hematocrit; RBC: Red blood cell; WBC: White blood cell.

namTasiAladisingwetaminaendnnsinde Aeromonas hydrophila 7 Suillé¥uerms
naaefifivsinaasadaluiasinuniidnetu 5 sedufe 0, 10, 20, 30 waz 40 niuseAlandy (Table 3) wuitUara§wil
IgSuomnsvaaesfifiviinaasadaluainuniisedu 20 uaz 40 niusenlandu fivesidudvendinidondeusinanden
ﬁgwmmmdwmmswmam%ﬂwhﬁu 21.67+3.21 Uag 25.67+6.03 Wesiudnuadu dauunnaneiusesivodfny
3adid (P<0.05) Fadenndesiuaidouns Sahimi et al. (2022) inaasslfsAuomsiaiuasadaadiavi 15 ndy
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seflansudsmalirudesifudussindendousinadenian Y9I INGFUNARIEINIINGUAIUAN  Lazluaideves
Hamdan et al. (2023) wawihddunguillésuasataadomivinaeiidusveniadesdousinaidentiome
Lﬁu%unﬂﬂfjmﬁ&ﬁEJUﬁJUﬂEjiJﬂ’JU?pJ Tunsvnassiisesaundouarmindildsuamsnaaesdissdiu 20 nduseilansude
21.67+3.21 Wosidus uasdfisysiu 30, 10 uay 0 nYusoRlansuAe 10.00+0.00, 5.67+4.04 way 6.00+10.39 Wosldus
AINAIAU %ﬂLUa%vﬁuﬁsﬂaqLﬁmLﬁamiaﬂ'%mmﬁamﬁmm‘luﬂmﬂ1%wﬁﬁmqﬁmﬁ]ﬂd%’hmuﬁmﬁamsﬁumsa%ﬁamaé
Lﬁmﬁammﬂﬁqﬁu Aindosuaddulanmsniilasusmsiidusunaeansanaluadauniisssu 20 nfuseilansy uan
Afioidenunsiigeigauinfiu 3.36+0.11x10° wadselulasans wuanuuanaiuog1sdidodfamneada (P<0.05) A
freensisivsinamsataluainunafiszsu 40 nSusenlansufe 3.30+0.03x10° wadsolulasans uasfiomnsszsu
71 30, 10 way 0 n3usenlansufe 1.0040.87x10°, 1.04+0.90x10° waz 1.82+1.58x10° waanelulasans muawu A1
dindonrnlutamdnilduemsfifivinuamsatnluainunisetu 5 seiu Sauuanssuegnsiiteddama
add  (P<0.05) %ﬁwuﬁwLﬁmLﬁammwaqaqmiuﬂaﬁm%wﬁlﬁ%’ummimamﬁizﬁu 20 uway 40 nsusenlaniuiinAu
1.83+0.51x10° way 1.83+0.24x10° wadnelilasans mudisu sesasnfefiszdu 30, 10 uaz 0 nSusenlaniude
0.30+0.44x10°, 0.40+0.52x10° Uag 1.33+1.20x10° 1wadnslulasdnsniuaisu

Table 3 Efficacy of the diet on hematological values of common carp fed experimental diets containing

Melaleuca cajuputi \eaf extract at levels of 0-40 g/ke. for 7 days after exposure to bacteria

Concentration (g/kg)

Parameters
0 (control) 10 20 30 40 P-value

HTC (%) 6.00+10.39°  5.67+4.04° 21.67+321°  10.00£0.00°  25.67+6.03° 0.005
RBC (x10°.uL™) 1.82+1.58®  1.04+0.90°  3.3d+0.11° 1.00+0.87° 3.30+0.03° 0.018
WBC (x10%. uL™) 1.33£1.20°°  0.40+0.52°  1.83+0.51° 0.30+0.44° 1.83+0.24° 0.040
Immunoglobulin 5 b 5 5 5

. 51.96+11.04°  0.03£0.06° 31.37+3.74° 2500+30.41%"°  42.02+6.88 0.015
(mg.mL ™)
Total protein b , . b i

) 0.10+0.03 0.14+0.02°  0.15+0.02 0.05+0.02 0.10+0.05 0.018
(mg.mL ™)
Lysozyme (UmL™)  0.49+0.21°  0.00+0.00° 2.90+0.94*°  3.14+1.36®  6.04+3.53° 0.011

Values represent the mean +SE.
Different letters in the same row are significantly different (P<0.05).
Abbreviations: HTC: Hematocrit; RBC: Red blood cell; WBC: White blood cell.

ﬁhSmﬂiuiﬂai,ulﬁusl,uﬂmm’iwﬁvlﬁ%’vmwl'3‘1'7‘11JﬁmiaﬁmiuLaﬁmn WumﬁugiuiﬂagﬁuumﬁqmLw'wﬁ’u
51.96+11.04 Jadnsusodiadansnuanuunna1siueg9itud1Agyn1seia (P<0.05) ﬁ’Uﬂfjuﬂmﬁim”%’ummiﬁﬁﬂ%mm
ansafaluadin Usinalustusuludenuainsnile suomnsiidusunaesataluadovniiaieiu 5 seiu wue
Tsfusaufigaaalunguiaainildsuemsiisedu 20 n3usedlansuwindy 0.15+0.02 fadnfusefiadans sesan
Aofiszdu 10, 30, 40 waz 0 nusenlansufie 0.14+0.02 0.05+0.02, 0.10+0.05 way 0.10+0.03 fadniusefiadans
Ay Jeaeandesiuauideres Hamdan et al. (2023) Menudlufanguiildsuansadaasinumulsfusu
gandnguAIuAL ﬁﬂiﬂsauiauﬁ'qqLLamsLﬁLﬁuiwmﬁImqa%ﬁqﬁ'wnmaﬁﬁ fndaiefudause uazarlalslsivestan
il suamnsiifivsinaansataluadaundisnetu 5 ssdufe 0, 10, 20, 30 waz 40 ndusenlansu wuelalyleid
qnﬁqmsluﬂmm'i‘wﬁloﬁ”%’ummﬂuszﬁ’uﬁ 40 nfusieilansufe 6.04+3.53 giln dolladidns sosaunfevafilasueims
fiseeiu 30, 20, 10 waz 0 niusioAlanuflAvindy 3.14+1.36, 2.90+0.94, 0.00+0.00 Waz 0.49+0.21 gilndefiadans
AIUARU ﬂ'wiaimisnﬂuﬂmm%wﬁqnLLamdiﬁ’LﬁudwﬂmﬂﬁwﬁmiﬂﬂﬂmﬁqLanmﬂmiqﬂimmaﬁL%yaLLUﬂﬁL?eﬂu
dawndou Tasnseongrisvhaentusadveauaiideldity uaslusiusudusudnmamevaussvesszuugiduiu
YBITNNY hazan1IvavaInlan nsuuturesseRuTusAusmeradudiuunannisiiuduressiuiu WBC Faudu
wasdrAgyluntsnanlusAusiu W lysozyme wag immunoglobulin (Giri et al., 2024) Usz@nSAINU0In151iLne S
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v
=~

\deailinduenvdsmainanasngnuiaiivansviaifeglumsataaiavndaiuasdnaiunnaiyivlauazans
nszAuiduiu (Sahimi et al, 2022) nsilegrasasiunlulad 1wu Waliuesd unuiu Indil-uea uazarsuseneu
gvismsTanmdu 9 iuamgliAnnisnsedugiduiu
UszBnsnmuasemnsaantsiumulie Aeromonas hydrophila Tulanasmdiieldsuamsmaassiifiviunaans
afnluiafinvniiszdu 0-40 nfudeflaniu

mﬂmimamﬂizﬁ‘w%mwmﬁ@hul,%asuadﬂmmi‘wsiamiamLﬁ??a Aeromonas hydrophila ué’qmﬂmﬁm%a 7
TUNUIAIINTTOARNYEER (80%) luﬂEjmJm‘wfﬂaaaﬁiﬁ'ﬁ”ﬂmmmﬁ%uaﬁaﬁm‘luLaﬁmnﬁ 20 nfudelansy J09a9u)
fevandildsuomsiaSuansataluiadound 30, 10 uwaz 40 nduseRlansuiwintu 50%, 30% waz 20% Aua1su dly
ﬂduﬂawﬁiﬁ%fuawwwsﬂauqmﬁﬁmLs?j”a WUAIBATINITIOABNIAY 10% L,Laﬂuﬂmﬂfjuﬁlm"‘?ummimu@u‘ﬁlﬁmﬁwmﬁa
(positive) linudnsnisne (Figure 1) uin1sldansatnluuinaiunniuluidmwalisnssonansadls Feaenadeatiu
NUATEIes Sahimi et al (2022) Aeiléuemaaiuasadaluainumannsaduduuafideld fnisesunelid
asuszneundnlualinunilaeamesrailiuess waznguivesiivanunsavhateniaad L?jaﬁuLmaéLLUﬂﬁS&JWLﬁﬂmm
Fove uazanmseenguisnisiuduuaiseromeisanunsaduds Aeromonas hydrophila

*
*
4
<>

A

Figure 1 Survival rate (%) of common carp feed different levels of dietary Melaleuca cajuputi a 7-day period of

exposure to Aeromonas hydrophila.

Fensifinuszavamdidensunannsiieguesasnanuaiiluasadaluadinnn wu wesiuess Tnad
woaAlau a1sUszneufiuea wazranliuess wazeslsunfindu q (Khongsai and Vittaya, 2019) meswqﬂwmﬁmaﬁﬂfﬁ
AnanTAduasnssfunfiduiy uarasszneundnlnsiamerlanlauesd uazanslunguesiiu teiasunssudade
wumili3eled (Khongsai et al., 2019)

ayUnanIsAnen
Han1IRaeLandl v sEsuasatneusavesluadsvaduemnsvesUanasnlussiuil 20 nfu
soflanfuons  Wussduiimnzan  Yanmswanmsasyidulaldduundliuandaanyamueilifiasadalu
915 Wenand nsieRuansaialue M IdsUsulsmnfiwesidon wanslifudannsiiuauesnisnevauemg
Qﬁﬁmﬁ’u‘lmmﬁmsﬁuLU@%L«%M%QLﬁmﬁamaﬂ%mmﬁamﬁwm wadlindoauns waddindonvn Suylulnaydu
Tusiusaluden waz lalalel saufeuszansnmnisiunude Aeromonad hydrophila

LEC 4
Haussleviviudou
Adeuveysemaitunanuilifnaysslovivivdeu
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UNANELD

NsAnwENYEdugIINeesuIUneN (Luffa aegyptiaca Mill.) dwunisiuwundnuaizUseaniuguas
I%Uigiﬁlsdﬂsajﬁ]yjaLﬁaﬂ”ﬁaH%ﬂﬁLsﬁl@Wu’QHﬁMﬁﬂuﬁuqﬂ’]ﬁL‘ﬁ’aﬁuiﬁﬂmiu’jﬂﬂﬂﬁLﬂ‘iﬁmﬂﬁﬁ’]Lﬁuﬂﬂiﬁﬁﬂﬁﬂ%%ﬁﬁwuﬂ
waluladTinm Jawdaunusiid mawnunisveaewuuvguluvdenauysal (Randomized Completely Block Design:
RCBD) $1uau 2 51 mnaeadu viuvey $1uan 13 freehe taud La (aumas) L18 (vaumew) L20 (vaudew) L22
(Uaudal) L35 (Laumenena) L36 (uauven) L43 (Lauvendw) Lad (Lauvenes) Las (uauvew) L51 (uiuvenen) L56
(UrunewUn) L58 (U1ue17) waw L60 (UIunew) nan1sAnwinuln Mnadeg1edneglulsvianaenieninaog uusiu
Weniu dndunendneglungudivdes (Yellow Group) Usenausie ngu Yellow Group 7A Yellow Group 7B Yellow
Group 12B waz Yellow Group 13B jUsnansewadiulngiifugunsaldisessn (elongate stim) Andu 46 wWesidud
Josdunaiu tminualads 269.662 N warduunareduads 23 naredu naseudlsamAvau gauludiegmue
malarunis levavnnuastannsailuldusslenidmsuinnuazeinsianie wanesesddneluasaidou Wudu
YoNNE WUdn L4 (VIUWY) HAULANANITeULIALAENSINaINUIUTBNi a1 uegaiulade Tnefanueona
negludszianduann enuenaiade 7 wufiuns wiauaurests 13 feehs daeglundusn léun ngu Black Group
202A Black Group 203A ua Black Group 2038 Taeiliwiin 100 wiaaded 9.771 n¥u Im%@yjaﬁiﬁ"ammﬁ%’aﬁ
ihlldusslovddugrudeyadmiumssyindfivanauivvessasdorugivnsivinisnues
Frddey: vauven msUssiiudnvaenisdaginer nisliusslend suinadeiugfinsinmanuns

Abstract

The study on morphological characteristics of sponge gourd (Luffa aegyptiaca Mill.) for germplasm
characterization and data utilization support for plant germplasm conservation at Genebank of Department of
Agriculture (DOA Genebank) was carried out at Biotechnology Research and Development Office, Pathumthani.
Randomized Completely Block Design with 2 replicates was applied to 13 samples of sponge gourd, comprising
of L4 (Buab Phuang), L18 (Buab Hawm), L20 (Buab Pom), L22 (Buab Sun), L35 (Buab Hawm Yao), L36 (Buab
Hawm), L43 (Buab Hawm Sun), L44 (Buab Hawm Yao), L48 (Buab Hawm), L51 (Buab Hawm Yao), L56 (Buab Hawm
Pah), L58 (Buab Yao), and L60 (Buab Hawm). The result showed that all samples were classified as having a
Monoecious sex type. Petal colour was listed in Yellow Group consisting of Yellow Group 7A, Yellow Group 78,
Yellow Group 12B, and Yellow Group 13B. Fruit ribs showed superficial appearances. Average fruit weight was
269.662 grams. The average number of fruit per plant was 23. The young fruits had sweet taste and high
nutritional value. The fibers from the mature fruits can be used for body cleaning and household items, etc. It
was also found that L4 had obviously shortest fruit size at 7 cm. The matured seed color of total samples can
be grouped in Black Group 202A, Black Group 203A and Black Group 203B. The average weight of 100 seeds
across all samples was 9.771 grams. The data obtained from this research will be used as a database for the
conservation of Luffa spp. of DOA Genebank.

Keywords: sponge gourd, morphological characterization, utilization, DOA Genebank
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A1

vauven fifeineneaniin Luffa aegyptiaca Mill. dnegluiivanaviv (Luffa spp.) Fadunilslufvedunad
ihaula fhusdaluandeutuvemivied (Porterfield, 1955) ffaFunmunsasiosduunnseiuly 1wy luaanang
Send1 viuven viunan lunmamiieden uzuiu wsniudy usuessy Tuweuaignaniald Ben neeese Wudu
(Thiengburanathum, 1999) viudulfiiondes srduduaiindey audeiifonvduduen Tnevlddl 3 Fu fu
gouLazpensouiuuUnagy nasouaedidwn waudddeeenindes elulldulomdenduium wiauuys
ansddeufinuluna 1éun saponins, luffein way mucilage $1uau léun xylan, cellulose, mannan wae lignin @y
wén lawn linoleic acid, palmitic acid, steric acid, oleic acid wag glyceron ufu dwsuusslominisemsvesuiu
viey dhuitlfiduems fe nageu Fsdlarmalnvunnisuinune viuven 100 ndu Tndsnuudsianets Alausass
Usznaudetn 959 nfu enslulewsm 2.2 n3u Wefu 0.7 ndu Ty 0.7 n3u ninle 0.2 n3u uaaifew 3 Jadniu
Woaneda 3 Nadn3u wdn 0.4 adn3u Fendud 1 0.37 fadniu Indud 2 0.05 fadndu luedu 0.2 fadndu ez
Anndud 15 fadniu Jeyasseumiasimauniseriiiaule fo wlaud mnfulsemuneuviosing ausadunedin
naulld thdmauauliinwennsvaeaausniay onisveuiin wazayndniauld (nstitute of Thai Traditional
Medicine, 1999) uenannil THidusinuanifinnidonindeammamin 9a 1Suae Hudu (Sarasri, 2001) Ustlewives
vaumen uenanuilaana faiusslewidug 8n enfiu nsthdnvedledesiuiuwand) Mvhanuavensaeuduay
wdndlingluatiFounarlivszivs ueioinsemoneiosingineg Tuatvasasulanadedl 2 (Siemonsma, 1993)

sumsideiusivnainnanwes  Wugudnanseuinddeiusnssuiiy  SeimseydndidoRugfionans
vila dsiiwanauiu Jegduiliivanavauieysndlisiuou 15 fees Jeuszneuse viuvien S1uau 13 Foes way
VUWABL S 2 feg ImEJ‘ﬁLLmuiauswﬁmaqaﬁLﬁmLﬁmﬁaLﬁumwwmﬂwmamdﬁuqﬂﬁim m"’;mmﬁ ekl
daiupuddyresnsussfiudnvausmedugiuivevesiivanauiu (Luffa spp.) dmsunisidusslevilunsdiuun
dnwarUssdwiuduasiivanaviuiisiunldanunassineg saonauldilugrudeyaluniseusndiugnssuiivves
ammiLs‘ﬁaﬁuﬁ:ﬁmﬂiﬁmmﬁmwmLﬁamﬂ%ﬂsﬂ%ﬁﬁidﬂ

3sn13AN

andunisugnuseuanvasneduguing1vesviuvey s ddnddeiauinaluladdinin Jainunusiil
&y’uwilﬁauﬁmﬂm AN Lﬁauﬂsﬂgmu 2561 MLHUNITNAABILUY Randomized Completely Block Design (RCB) 9117u
2 %1 Awnaeq (Treatment) Usznausie vauen 13 foehs (Table 1) Tngduiinanuagnadugiuinel laun sves
N15193gLAULe (Vegetative Growth Stage) szazpanaanuazfnna (Inflorescences and Fruit Stage) LarsTEzAuie)
(Harvesting Stage) at9tig 25 anway MA1UTTBNEanwuritlnedallasaIn Descriptor for Sponge Gourd [Luffa
oylindrical (L.) Roern.] (Joshi et al, 2004.) Tinsgvanuulsuniuiasnadeunuuansisesdiais 1ne3s Duncan’s
Multiple Range Test (DMRT) Aisgffuanaudesiu 95 wesidus (P < 0.05) selusunsy IRRISTAT version 3/93 tuiindaya
dmsulivsslondlusnmsidoRusivnsuivimsinuns
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Table 1 List of Sponge gourd (Luffa aegyptiaca Mill.) collected from Thailand

Code Local name Type of sample Source Province
L4 Buab Phuang Landraces Exhibition Nan
L18 Buab Hawm Landraces Private farm Nakhon Phanom
L20 Buab Pom Landraces Private farm Mukdahan
L22 Buab Sun Landraces Private farm Nakhon Ratchasima
L35 Buab Hawm Yao Commercial variety Local market Chanthaburi
L36 Buab Hawm Commercial variety Local market Chanthaburi
L43 Buab Hawm Sun Landraces Local village Nakhon Phanom
L4q Buab Hawm Yao Landraces Local market Bangkok
L48 Buab Hawm Landraces Private farm Nakhon Phanom
L51 Buab Hawm Yao Landraces Local village Sakon Nakhon
L56 Buab Hawm Pah Old landraces Private farm Sa Kaeo
L58 Buab Yao Landraces Local village Sa Kaeo
L60 Buab Landraces Local market Sa Kaeo

NAN1SANEILAZIVTAl

nsUszdiudnwasedug e uIuen 91uau 13 @989 (Table 1) wudszeziunduiuveniivesidud
ANLeN 75 — 100 wWosidud dulugudniininueen 80 - 100 wWeosidud d1uiu 11 faeege Anluiesas 85 wawil
m'lmaﬂﬁil’mdw 80 Wadldud 1 2 et Andudesas 15 Aadeveanguintu 90 wWedldud wianugldinanly
nssenASausn 5 Yu Imaamaﬂmaaqmuawmﬂau Green Group 137A 1378 138A ua 1388 LAORINAIUTENINNAL
Emmammmwwaﬂ.‘uLamaﬂumwmmuaamw 2 71 13 $hoee (Table 2)

msﬂizLuuLﬁjawuqﬂﬁsuuauwam5gasLﬁ]izgmuimmummu WU viunesildnwaidemsiasaivladuiuy
Fow (prostrate) gﬂ'i'NSLUﬂé’wlwgamﬁmﬁqﬁw (reniform) @nAdBIRU Mavi et al. (2021) ﬁﬁﬂmé’ﬂwmxﬂizﬁwﬁuﬁmm
viuven denui dnvaifevesuiuneniiinuimuafunsissydulnuuuidos Inedisusnsluiuuuy reniform
ity lnefidaeanduiidentuiuiomn 4 fegs Tiu L35 Uaumeusn) L36 (Lauvew) L51 (Uuviens)
way L60 (vauwen) vaudiulnafveulumdndusiuau 11 foghe sndu La (Waume) was L 22 (uavda) filveulu
By vauva 13 fegrelivudundaazdumdilutos wanluiy amuenfnlueded 8.608 wuRns e L20 (Uau
o) fanugniulunnilan Ae 10850 wufiuns AnueUdeaadsresuIu 13 eene Ao 10.196 wUALAT LA
Lé’umuquéﬂawé’ﬁwa?{a Ao 4.778 LEURALLAT gﬂiﬂda"wﬁuﬁé’ﬂwmzm?{w (Table 2 way Table 3)
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Table 2 Morphological characters of 13 sponge gourd (Luffa aegyptiaca Mill) accessions at seedling and vegetative growth stage since March to July 2018 at Biotechnology

Research and Development Office, Department of Agriculture, Pathumthai Province

Cotyledon Petiole Internode Stem Cotyledon
Code Local length Cotyledon length length diameter Size (ratio of Cotyledon Habit >tem eaf
name width (mm) color shape shape
(mm) (cm) (cm) (cm) length/width)

L4 Buab Phuang 51.89 ab 32.50 ef 7.30 ab 10.40 bcd 3.69 ab 1.60 Green Group 138B  Prostrate  Angular  Reniform
L18 Buab Hawm 50.94 a 2732 ab 6.55a 10.15 ad 3543 1.86 Green Group 137B  Prostrate  Angular  Reniform
L20 Buab Pom 51.37 a 27.25 ab 10.85 de 8.05a 4.40 a-d 1.88 Green Group 138A  Prostrate  Angular  Reniform
L22 Buab Sun 52.70 ab 2741 ab 6.50 a 9.00 ab 3.96 abc 1.92 Green Group 137B  Prostrate  Angular  Reniform
L35 Buab Hawm Yao 51.30 a 26.31 a 7.75 abc 11.50 de 4.24 abc 1.95 Green Group 137B  Prostrate  Angular  Reniform
L36 Buab Hawm 51.95ab 29.08 bc 10.00 cde  10.95 b-e 585¢ 1.79 Green Group 137A  Prostrate  Angular  Reniform
L43 Buab Hawm Sun 61.03 c 3290 f 12.25 e 10.15 a-d 5.01 c-g 1.85 Green Group 138A  Prostrate  Angular Reniform
L4d Buab Hawm Yao 52.09 ab 29.45 bcd 8.00 abc 1275 e 5.42 d-g 1.77 Green Group 137B  Prostrate  Angular  Reniform
L48 Buab Hawm 54.45 ab 31.68 def 575 a 11.25 cde 4.67 b-e 1.72 Green Group 137B  Prostrate  Angular  Reniform
L51 Buab Hawm Yao 55.71b 30.12 cde 7.65 abc 9.95 a-d 5.49 efg 1.85 Green Group 138A  Prostrate  Angular  Reniform
L56 Buab Hawm Pah 63.80 c 3298 f 10.55 de 9.50 a-d 5.36 d-g 1.93 Green Group 137B  Prostrate  Angular  Reniform
L58 Buab Yao 53.26 ab 28.67 abc 9.50 bcd 9.75 a-d 5.74 fg 1.86 Green Group 138B  Prostrate  Angular  Reniform
L60 Buab 64.73 c 33.95f 9.25 bcd 9.15 abc a.77 c-f 1.91 Green Group 137B  Prostrate  Angular  Reniform

Mean 55.02 29.97 8.61 10.20 4.78

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

vy 3.0 3.5 11.4 8.7 9.2

(%)

eV : coefficient of variation, Means within columns and rows followed by the same letters are not significantly different at 5% level probability using DMRT.
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Table 3 Morphological characters of 13 sponge gourd (Luffa aegyptiaca Mill) accessions at vegetative and flowering growth stage since March to July 2018 at

Biotechnology Research and Development Office, Department of Agriculture, Pathumthai Province

Dorsal
Leaf length  Leaf width Leaf leaf Ventral leaf Leaf Male
Code Local name Leaf spot color flower Flower color Sex type
(cm) (cm) margin  pubes  pubescence lobes atio
cence

L4 Buab Phuang 12.70 ab 12.50 ab Green Smooth Low Low Shallow High Yellow Group 7A Monoecious
L18 Buab Hawm 11.40 a 11.65 a Green Dented Low Low Shallow High Yellow Group 7A Monoecious
L20 Buab Pom 13.05 ab 13.90 a-d Green Dented Low Intermediate  Shallow High Yellow Group 7TA Monoecious
L22 Buab Sun 12.75 ab 12.75 abc Green Smooth Low Low Shallow High Yellow Group 7B Monoecious
L35 Buab Hawm Yao 17.00 cd 18.75 e Green and silver Dented Low Low Shallow High Yellow Group 12B  Monoecious
L36 Buab Hawm 13.85 abc 14.45 a-d Green and silver Dented Low Low Shallow High Yellow Group 7A Monoecious
L43 Buab Hawm Sun 13.65 abc 15.30 a-e Green Dented Low Low Shallow High Yellow Group 7A Monoecious
L44 Buab Hawm Yao 17.50d 15.55 b-e Green Dented Low Low Shallow High Yellow Group 7A Monoecious
L48 Buab Hawm 13.25 ab 12.75 abc Green Dented Low Low Shallow High Yellow Group 7TA Monoecious
L51 Buab Hawm Yao 16.35 bcd 16.80 de Green and silver  Dented Low Low Shallow High Yellow Group 7A Monoecious
L56 Buab Hawm Pah 16.10 bcd 16.30 cde Green Dented Low Low Shallow High Yellow Group 13B  Monoecious
L58 Buab Yao 12.25a 13.00 abc Green Dented Low Low Shallow High Yellow Group 7TA Monoecious
L60 Buab 14.25 a-d 14.50 a-d Green and silver  Dented Low Low Shallow High Yellow Group 7TA Monoecious

Mean 14.16 14.48

F-test * *

V¥ 10.7 10.4

(%)

eV : coefficient of variation, Means within columns and rows followed by the same letters are not significantly different at 5% level probability using DMRT.
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YE¥0ONABNUIVNENTY 13 20879 WuT1 S8nsmoninearl o sedugs delaesialy inanenveauly
Usenaumiy Androecious (ABNINANBENNAED) Gynoecious (ABNLNALIEaE19AEI) Andromonoecious (ABNLNARKAE
ABNNTELNYLENAULABY UUAULAYIIY) Gynomonoecious (AandaldguazaannsEneReniuLADY LA ULAEI)
Monoecious (ABNUENINADEYIIUAWFEITL) Uay Hermaphroditic (AonAzMY fista anther uag ovary) a1Nn15UsHAT
SnunzIrezeaNABNTBIUIUVBNII 13 #19819 NU1 inArenduluy Monoecious Aussndunondnoglunduiivies
¥30 Yellow Group uiseanidu 4 ngu Usznausie ngudl 1: Yellow Group 7A e La (Uuma) L18 (Urumes) L20
(Uavden) L36 (Uuviow) L3 (Vauviendw) Lag (Uuviexsn2) L8 (Uuven) L51 (Uauvens) L58 (Uauem) was
L60 (Uaunan) ngudl 2: Yellow Group 78 ¢l L22 (waudw) nqudl 3: Yellow Group 128 léun L35 (vauvews)
IGH ﬂszu‘ﬁ 4: Yellow Group 13B leln L56 (uaunesui) (Table 3)

srogAnnauaziiuiien wuin anuenInalade egfl 62.683 wufung wiseenilu 5 nau Useneuse naudl 1:
waduun 1 La (uauwas) Andu 8 wWosidud nquil 2: wadu Tdur L22 (Uaud) way 143 (aumoudy) Andu 15
Wesidud nauit 3: wasmunans leiun 118 (Uauview) 120 (Uauden) wag 136 (Urumes) Anuu 23 Wesidud naui
4: Hae laun L35 (Uauvened) Lad (Uauvienena) L48 (uauviey) L56 (Uiunentn) L58 (Uaugna) wag L60 (Uauviaw)
Anwdu 46 Wosidud waznaudl 5: nasunn TiuA 151 (Uiunensnd) Andu 8 wWedldud Taefimunanawded 5.22
wuins JedndifestunanisfinmeunanauIunenes Sangma et al. (2020) fifiAiaded 5.58 WwuRiwns vy
veumniegafisuisiunanay Tasanueniuraiede fo 8502 WwuRlns mMIwenveafusaenInrainegly
swivenn dulngisuigunadunendudnuaziuassuiianadufinddulidnuasnon susmadalugdu
sUnsalee (elongate stim) Andu 46 Wasidud dnlvgjilsosdunai (superficial) (Table 4) thminnawadeves
U 13 fe8e Ae 269.662 N3 wardwdusasiosuady fio 23 Wa savANasyzNaseudulnglisauEvIY Y0
fhogafleuudaudenegiissiuuiunans Tnewdavesuiuveuta 13 degns Sneglundudsn vie Black Group
17U 3 NG ﬂszuﬁ 1: Black Group 202A lgiu L4 (U3uma) L18 (uiuvies) L22 (UaUdu) L35 (UIustenea) L36 (UIU
wiou) Lad (viuviensn) L48 (uruvien) L51 (Uiuviened) L56 (uauventn) L58 (Uiuem) uag L60 (Uiuview) ﬂq':uﬁ 2:
Black Group 203A I 120 (Uaullaw) uaznduil 3: Black Group 2038 léun La3 (auexdy) armemimdaiadsd
11 fadiuns arwniasdanded 7 fadwns thviln 100 wéa wds 9.77 n3u (Table 5)
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Table 4 Morphological characters of 13 sponge gourd (Luffa aegyptiaca Mill.) accessions at Fruit and havest stage since March to July 2018 at Biotechnology Research and

Development Office, Department of Agriculture, Pathumthai Province

Fruit Fruit Peduncle Peduncle Blossom Stem-end
Code Local name length width length Peduncle separate enfi fruit Fruit size Fruit shape Fruit ribs
(cm) (cm) (cm) shape from fruit Fruit shape
shape

L4 Buab Phuang 7.00a 4.88 bcd 5.10 ab Round Difficult ~ Rounded  Rounded Very short Elliptical Superficial
L18 Buab Hawm 58.75 d 330 a 6.45 bc Round Difficult Rounded  Rounded Long Elongate slim Superficial
L20 Buab Pom 44.75 c 571 ef 6.40 bc Round Difficult Rounded  Rounded Medium Elliptical Superficial
L22 Buab Sun 29.05 b 461b 380a Round Difficult Flattend  Rounded Short Elliptical Superficial
L35 Buab Hawm Yao  118.00 4.78 bc 7.00 c Round Difficult Pointed Rounded Very long Elongate slim Absent
L36 Buab Hawm 4295 c 470 b 1575 e Round Difficult Flattend  Flattened Medium Elongate elliptical Absent
L43 Buab Hawm Sun  34.10b  5.30 cde 5.90 bc Round Difficult Rounded  Rounded Short Elongate tapered Superficial
Lad Buab Hawm Yao  66.70 e 571 ef 6.80 c Round Difficult Rounded  Rounded Long Elongate slim Absent
L48 Buab Hawm 54.95 d 545e 4.15 a Round Difficult Rounded  Rounded medium Elliptical Superficial
L51 Buab Hawm Yao  103.05i 6.30 ¢ 7.35c¢c Round Difficult Rounded  Rounded Very long Elongate slim Intermediate
L56 Buab Hawm Pah 74.25f 538 de 16.75 e Round Difficult ~ Rounded  Rounded Long Elongate tapered Superficial
L58 Buab Yao 95.58 h 6.08 fg 10.00d Round Difficult Rounded  Rounded Long Elongate slim Intermediate
L60 Buab 85.75 ¢ 5.65 ef 15.60 e Round Difficult ~ Rounded  Rounded Long Elongate slim Superficial

Mean 62.68 5.22 8.54

F-test > *x >

V¥ 4.8 4.5 75

(%)

eV : coefficient of variation, Means within columns and rows followed by the same letters are not significantly different at 5% level probability using DMRT.

Table 5 Morphological characters of 13 Sponge gourd (Luffa aegyptiaca Mill.) accessions at Fruit and havest stage since March to July 2018 at Biotechnology Research and

Development Office, Department of Agriculture, Pathumthai Province
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Fruit weigth Fruit per Seed Seed 100-seed  Seed size Seed color Flesh taste Skin hardness
Code Local name (Gram) plant length width weigth
(mm) (mm) (Gram)
L4 Buab Phuang 61.10 a 92.48 h 997 a 583 a 8.38 Medium Black group 202 A Sweet Intermediate
L18 Buab Hawm 222.75 bc 13.98 ab 10.02 a 6.48 b 9.40d Large Black group 202 A Sweet Intermediate
L20 Buab Pom 20535b 21.96 efg 10.39 ab 6.53 b 743 b Large Black group 203 A Sweet Intermediate
L22 Buab Sun 227.70 cd 19.99 def 10.23 ab 6.94 c 6.70 a Large Black group 202 A Sweet Intermediate
L35 Buab Hawm Yao 453.00 h 13.46 ab 12.70 d 7.77 ef 1540 ¢ Large Black group 202 A Sweet Intermediate
L36 Buab Hawm 217.61 bc 15.99 bc 11.77 ¢ 7.370 de 11.55f Large Black group 202 A Sweet Intermediate
L43 Buab Hawm Sun 241.53 de 23.48 fg 10.80 b 7.05cd 8.40 c Large Black group 203 B Intermediate Intermediate
L4d Buab Hawm Yao 421.00 ¢ 16.50 bcd 13.24d 7.62 e 1030 e Large Black group 202 A Sweet Intermediate
L48 Buab Hawm 249.38 e 14.98 bc 10.53 ab 6.42 b 8.55 ¢ Large Black group 202 A Intermediate Intermediate
L51 Buab Hawm Yao 369.80 f 15.47 bc 12.82d 851¢ 10.52 e Large Black group 202 A Sweet Intermediate
L56 Buab Hawm Pah 208.18 b 25.99 ¢ 10.46 ab 6.47 b 11.30 f Large Black group 202 A Sweet Intermediate
L58 Buab Yao 375.88 f 18.50 cde 10.56 ab 7.37 de 7.65b Large Black group 202 A Sweet Intermediate
L60 Buab 25235 e 10.98 a 12.86 d 8.13 f 11.45f Large Black group 202 A Sweet Intermediate
Mean 269.66 23.37 11.26 7.11 9.77
F-test o o o " e
VY 29 4.16 2.2 24 2.8

(%)

eV : coefficient of variation, Means within columns and rows followed by the same letters are not significantly different at 5% level probability using DMRT.
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L18 L35 L44 L51 L56 L58

L20 L36 L48 L22 L43

L4

Figure 1 Fruit characters was divided into four morphological groups follows:
Group I: Long fruit group, The fruit is longer than 55 cm with Elongate slim or Elongate tapered fruit shape. (7 samples)
Group II: Medium long fruit group, The fruit is between 40-55 cm long with Elliptic or Elongate elliptical fruit shape. (3 samples)
Group llI: Short fruit group, The fruit is between 10-40 cm long with Elliptic fruit shape. (2 samples)

Group IV: Other characters group, The fruit is less than 10 cm long with Elliptic fruit shape and multiple fruit set per inflorescence. (1 sample)
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