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ANMNANNUFTZNINNTA AR ARANLAZANNUAINTUAADIWALUNIAA LB A LN
ALNALNY RINIALT L5 E]
Relationship between Environmental Factors and Species Diversity of Freshwater Snail

in Reservoirs within Thoeng District, Chiang Rai Province

AmAde AU’ Awassm dssiaigAug’ noedan) g289” uazadggal gudns’
Kittichai Chantima', Tippawan Prasertsin’, Krittawit Suk-ueng'” and Apinyanee Upajak'

unAnta

miﬁﬂmﬁdiﬁlqummﬁﬁ@%Lmmw’mmﬁuﬁu{iwdﬁqﬂﬁﬂ?aLLmefw’@uLL@mmwmﬂmﬁmmmﬂﬁﬁmh
ot sunedic Saindeene Tmﬂﬁ'}mmﬁuﬁq@mﬂumqLﬁuﬁ’]ﬁqaﬁqme'ﬁmﬁuiﬁﬁguﬂﬁm Javan 3 M AE
3% count per unit of time 1WA 2 AR FTIIRRUAWNAN 9 IRBUEUINAN A, 2561 NeANHFTELNEN AT
(FTHANNINTRA ATHAINUANNUAILNINTINTNBAZATRNNTNTLANEFHA) LLmﬂ@fﬁ"ﬁ?mmﬁfawwﬁﬁ (AMNLRNA-
AN NN anmeeniiauiazanslui esudeiiazaneiiavan main i wazAnaanain) saafunsiiaae
andaiugantuilaes nanisAnswLnesinAmTaune 522 f1 Suuneenidu 4 a9 4 ana 5 1ia léur Anentome
helena (von dem Busch, 1847), Filopaludina martensi martensi (Frauenfeld, 1865), Filopaludina sumatrensis
polygramma (Martens, 1860), Melanoides tuberculata (Muller, 1774) wag Pomacea canaliculata (Lamarck, 1819)
wuveethaalusraiuihguldesiisaiimuanngia diaaaainuans uazfaininszanaiagandiuesinan
lugrafivihvieda nansitrmsiavdiiuganlulinea nudraaidunsa-ang HaudunussanisanNagrasas
nﬂfﬁﬁmiuéwﬁuﬁﬁﬁwﬁqLL@xﬂ'NLﬁuﬁmuﬂ@’z’m Fedeneg lunniatgs sfunsanAianaiiunsa-ane uazannas
Useraeadelugraiuindeia
ARNATY: vetinan dadedeuonden Feene

Abstract

This study was an analysis of the relationship between freshwater snail diversity and environmental factors
in two reservoirs within Thoeng district, Chiang Rai province. The study encompassed two sampling episodes
across three sampling sites from two reservoirs (Huay Ngiu and Khun Plong) in August and December 2018.
Ecological indices of freshwater snails (richness, evenness and diversity indices) were derived using the counts
per unit of time sampling method. Aquatic environmental factors (pH, temperature, dissolved oxygen, total dissolved
solid electrical conductivity and salinity) thought to be associated with snail diversity were analyzed using canonical
correspondence analysis (CCA). A total of 522 freshwater snail individuals of 5 species were collected (comprising
4 families and 4 genera) : Anentome helena (von dem Busch, 1847), Filopaludina martensi martensi (Frauenfeld,
1865), Filopaludina sumatrensis polygramma (Martens, 1860), Melanoides tuberculata (Muller, 1774) and Pomacea
canaliculata (Lamarck, 1819). All ecological indices of freshwater snails in Khun Plong reservoir were higher than
Huay Ngiu reservoir. The CCA suggested that pH was the main factor contributing to this difference; if this is
associated with an external source, then it may indicate issues with watershed management at Huay Ngiu reservoir.

Keywords: freshwater snail, environmental factors, Chiang Rai

"augAnanmanfuazmalulad imAneduaaidiess e. Wes a. leese 57100
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AN

veurnaniduesrilszneusesdnimiauignguauwacisssumanaly Tdu aaes wikh de uazenaiu
1h Tmﬂm\jwm‘jﬁmmxﬂ@uﬁqwmﬂ%ﬁm WATUBE AR ﬁﬁmmzﬁ’]ﬁmﬁimwuﬁmﬁ waztiue s vesdnd
Sawanan i dan e uavy usiu Aadusadenoediddnylussuisiadldemnsmeunaain mﬂﬁﬁmmwﬁmgﬂ
inlue v svesysel mwﬁmqﬂﬁﬁzﬁ'qummLﬂﬁﬂﬂmv‘mﬂ%qﬂixﬁu deueiedld  vesmnusaiRlsz i
NasAsEgnaiuet NN ufaﬂmﬂﬁﬂ@ﬂﬁﬁmﬂ"naWmiasl%l,ﬂuﬁq‘]_iﬁﬂmmwﬁ’]mqﬂm‘fﬁ?ﬁLLfJM”@nJ un
Arpadunan- srevaii @munﬁﬁﬁ ﬂ‘émmﬂ@n%muﬁavmﬂuﬁq s ini uazAnsesudefiazanainionas
(417 ANBNNA wazaTiaTTy qunenaiind, 2556; nighn  neau, 2561)

nsulae R A memxiﬂgn@mmmmm SeanannAanasudusing I ralfAnnsuasuassiassuy
et i ﬁMﬂ’]‘V\lu’]Lﬂ@ﬁluLLﬂm m‘L‘mmmm@mmummmLﬂuﬂgm@mmwmm@gmmmemimLfa‘wqm@ﬂ (417
mmuwa 2555) ﬂmmﬁ\m@'mﬁmm‘mﬁqmmumﬂummmﬂﬁﬂ?ﬁLLfmﬁ@uﬁﬁmﬁ@mﬂ [ ANNANNUTUDY
mmmwmwﬂivmiLL@vmwmnﬂJmmmmﬂmm”mﬂmwmmmml‘mmmmmmqmummfaum'au A inanauAs
Tanansdnsmuintadedwndenidauddyrememian § 2 thdy (peuidunsa-sneeni wazaa
nazéna) amianan 5 tade Iiun eenfiauiiazanelu prsidunsa-sneesin nisinlviin @qmmﬁmmﬁn uay
ANNTZANS (zﬁuﬁnﬁrizﬁu LAZADLY, 2558)

fa'wﬁuﬁmuﬂﬁm {A211q 8,000,000 ANUNATNAT wazgnaLtivaen {ANINY 1,277,500 gNUATNAS
Fadugrafviiianalnnjressunedis waiusslumilugusig 7 iU ANNEAINITN Nnazign nnsguling
waziuunsevieniion @'NLﬁuﬁwuﬂﬁmLL@Wﬂ'NLﬁuﬁﬁﬁqﬂf;q ﬁ@a%\ﬁmﬂmmaﬂivmu ﬁzﬁ”ﬂwmwﬂuﬁuﬁmmu
mmi‘.mamunmwmmmmﬂ 1 (wenasualfes, 2558; mALIARLAT, 2559) ’aﬂﬁﬂvl,‘iﬂﬁﬂll mqmummuﬂ@m
Lmvmqmummmfmﬁuumimﬂmmmwwmrmmmmwamm@m muummﬂmm\mmmLuummmmvu
amuwuﬁmmummzmwmﬁwmnumwmmﬂm@mLLmﬂ@wmLm@@m”l,um\imumﬂ;uﬂ@@umvmqmum
Paeidn suneiie Saindaee Lﬁmﬂu%g@ﬁuﬁm msauine waznsldusyladsiallluewnan

38n1sANEN
ﬂ'NLﬁuﬁmuﬂﬁm wazenafiLitieia snedia Saindaens g luiumlsszudne 2170000 - 2190000
BIANIIE WATAWIMINTEUGN 610000 - 620000 23fAzdueen lussuuiinn UTM msnlau 47Q auszuuiiingagiu
WGS 84 (Figure 1)

o = Huay Ngiu reservoir

Figure 1 Location of Huay Ngiu and Khun Plong reservoirs (Geo-Informatics and Space Technology Development
Agency, 2011; QGIS Development Team, 2018).

Fusadnamainaaaun 3 M TneAumeenglugnafnaea 2 An LL@“’@NLT’]‘LI‘LA’HI‘LA‘]J@@Q 190 W9
uqafiusiatinameasasiialsd (Figure 1) Tuszudnameaudanau D9 hieusuaan w.a. 2561 guiiudaatinaassos
fla (hand picking) taedBauLIAN (counts per unit of time) TaglddiAuatea WL 2 AL a1 15 Wl Taeldi@en
PUNALAZTHATRINDE ﬁmmﬁié’nﬁumﬁnmﬁi@iuﬁ@qﬂﬁu“ﬁmmm?ﬁmi“ﬂmﬁ@m ANTNHAUN (2557) WAZNINIT
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Sengnniaesaat faasazaneasinaundudy 10% Wuean 7 4 aamiuAuineeslugisazans
waaNaERAANINIUW 70% NIN1AUUNTHATEIMEEAINILIEIUIBY Brandt (1974) HuANwWIL LAZAANATTILNG
netlad ladun Aatlavnunnngiaresninan (Margalef 's richness index) ATHAINUAINUAIENITININDD
WIUUBL — REUeF (Shannon — Wiener's diversity index) WALATRN13NTLaFI189iaa (Pielou’s evenness index)
Faannasallis

paiAnNNTiinaasNnnan (Margalef 's richness index) (ammﬁi 1)

= (S-1)/In(n)
(1
e R Af FTtANNINTLA
n AB ANUIUAIVRARINTINTIUN AN WL
S A8 ATUIUTIAUBIAINTIRNTI AN AT

AUTRANNMAINAANENITININTBITULDY — REULLes (Shannon — Wiener's diversity index) (88159 2)

H=-ZIpIn(p)
(2)
me  H A FTHAINUANNAAIENINTANN
A o o 1 :// ldl QI aaa a
D, A dndauredsnasnaianiaNdudadlddnaie n

Fatin13N3zAeIfnIadian (Pielou’s evenness index) (AXNN139 3)

= H/n (S)
(3)
nen U A9 FTHAINANTLAND
H A9 ATTIANUAINUANNINTINN
S AB ANUIUTDALDIRINTANIUN AT

mmﬁmﬂmmwﬁﬂw,wi@”@mLﬁuﬁq'aﬂ'w Tmﬂﬁﬁﬁqﬁqﬂ@ﬁ"ﬂﬁiﬁiﬁ%ﬁmLL@”ﬂ@ﬁﬂﬁﬁm@r;ifamim”@wﬁwmuﬂﬂ
¥an ldun Arenuilunse-Aisaedtn (pH) m@m‘mmmm (water temperature) 1FuNnaanTIauRazatelith
(dissolved oxygen; DO) mm@mmmvmﬂhuw (total dissolved solid; TDS) mmim"l,vxlﬁwmm (electric
conduct|V|ty of water EC,) uaz mmwmmmm (water salinity) (Wang et al., 2015) mm@m@ummm@qmmw}“ﬁ
mmmwmmﬂamu fiva Eutech Instruments 414 PCD 650 uawg1s CON 400 faLmmmw:&“uwuﬁmﬂuuﬂﬂmmqm@mm
TAUATIRE AR me@mmLmﬂz‘m@mmwm‘llmﬂ‘lﬁﬂil,lmu R (41 HaRUNA uazeinssny AUARTEI, 2556; R

Development Core Team, 2010)

NANNSANHILAZARNTO]
mmmmﬁmmzﬁ@mmuu‘”ﬁmmﬁwwmﬁmwLmzmﬁmméwﬁuﬁﬂﬁaﬁgfa wudﬁfqmuqﬁmmﬁmagﬂ%mm
Wi 31.2 °C Ansvi I lusinieaswindy 83.9 ps/cm AnALTTLNIA-ANaTRd LRSI 8.3 ﬂ?mmaaﬂ%mu
fiavaneluiiedawindy 6.4 mg/| mmmmevmﬂumm@mmﬂu 3.29 ppm LLﬂvﬂﬂﬂQ’]&ILﬂNﬂJ@\‘iu"lLQ@‘E]L‘V]’m‘LI
12 ppt mummnmmmmvuﬂmuummmmmqmﬂmwLmvmmmmqmuuwuﬂ@m wmf]famunmmmm@ﬂ
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RaNAWingL 30.2 °C An3E N luimaswindy 53.5 psiem AANNINNIA-ANTRINRRWINAY 7.6 U3NNn
aandlaunazanaluiiedswinty 5.9 mg/ Areswisnazataluinedawindy 2.1 ppm WazANANIANTRIURAY
WiNAU 12.5 ppt (Table 1)

Table 1 The average of physical and chemical parameters of water quality in Huay Ngiu and Khun Plong reservoirs.

Parameters

Sampling sites
Temperature ("C)  Conductivity(us/cm)  pH DO (mg/l) TDS (ppm)  Salinity (ppt)

Huay Ngiu

31.2 83.9 8.3 6.4 3.29 12.0
Reservoirs
Khun Plong

30.2 53.5 7.6 59 2.1 12.5
Reservoirs

anuamsufaethvemianinyluiuiAnsnme 3 P mﬂmﬁm'ﬁﬁLLuﬂwwaﬂﬁﬁmﬂq’wmmLﬁm
Vanan ‘Emﬂéwﬁuﬁﬂﬁ’qmﬁﬂmﬁLﬁuﬁq@ﬂ"]ﬁ' 1 LAY 2 NUMRENAR 2 29 2 ana 3 ln (Figure 2) Aa Filopaludina
sumatrensis polygramma (Martens, 1860) (340 #n), F//opa/ud/na martensi martensi (Frauem‘eld 1865) (15 F0) LAY
Melanoides tuberculata (Muller, 1774) (1 [ﬂ')) mumqmummuﬂ@faﬂmmmumam\m 1 W‘].I‘Wﬂ?.luq@ GWN‘MNG] 122
fia T 3 99A 3 ana 4 1im (Figure 2) laun Filopaludina sumatrensis polygramma (79 819), Filopaludina martensi
martensi (39 §n), Pomacea canaliculata (Lamarck, 1819) (3 6i9) Wax Anentome helena (von dem Busch, 1847) (3 1)
(Table 2)
AATRAMNNINT AT 'ﬂznggm'ﬁ' Nmuuwuﬂ@m fwm 1(0.025) mmuwuﬁﬂmummﬂmmmqwu"luwuwimﬂ
I %Him LL’&WNW}M’W@@W‘G’W\?Lﬂ‘i_lu"IMfJEI\‘l'J (0. 004) mwmummmmﬂ 2 Biin mmju
ﬂ’]ﬂﬁ\l‘lﬂ@'}ﬂﬂ@'}ﬂw\\i%']ﬂ’w\lﬁﬁ’] Qfﬂﬂ (0.78) wawmummuﬂmm ’%TV] 1 LL@yNﬂ’Hﬂ’]@ﬂ (0.07) V]’ﬂﬂ\iLﬂLIu’]ﬂ'Jﬂﬁ’] (153 b+
AATENNINIzANeaiAngegn (0.162) ﬁdwmumquﬂ@m fq;mn 1 m‘l,ufmqmumquﬂ@mmmqumwmmqwulu
wrazTia N LAY meﬁmngm‘w 'NLﬁuuwuqﬁq (0.012) (Table 3)

9
(D)

Figure 2 Shell morphology of freshwater snail collected from Huay Ngiu and Khun Plong reservoirs: Filopaludina

=

L Ad a
Lﬁuwuwwmummmﬂ@wm 4

q

1 o = o 2%

/
‘wo |
‘wo |

‘wo |

‘wo |

sumatrensis polygramma (Martens, 1860) (A); Filopaludina martensi martensi (Frauenfeld, 1865) (B);
Melanoides tuberculata (Muller, 1774) (C); Anentome helena (von dem Busch, 1847) (D) and Pomacea

canaliculata (Lamarck, 1819) (E).

‘wo |
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Table 2 Species and number of freshwater snails collected in Huay Ngiu and Khun Plong reservoirs.

Reservoir Species Sampling sites  Number of individual
Huay Ngiu ) ) ) ) 1 3
Filopaludina martensi martensi (Frauenfeld, 1865) 5 1
Filopaludina sumatrensis polygramma (Martens, 1 246
1860) 2 94
Melanoides tuberculata (Muller, 1774) 2 1
Khun Plong Anentome helena (von dem Busch, 1847) 1 1
Filopaludina martensi martensi 1 39
Filopaludina sumatrensis polygramma (Martens, ] 29
1860)
Pomacea canaliculata (Lamarck, 1819) 1 3
Total 399

Table 3 Ecological indices expressing species diversity, richness and evenness of freshwater snails in Huay Ngiu

and Khun Plong reservoirs.

Reservoir Sampling sites H R J'
Huay Ngiu 1 0.07 0.004 0.012
2 0.40 0.018 0.086
Khun Plong 1 0.78 0.025 0.162
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Table 4 Results of canonical correspondence analysis in Huay Ngiu and Khun Plong reservoirs.

Reservoir Environmental factors CCA
Huay Ngiu pH -1
Khun Plong - 0
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Influence of Seawater Intrusion on the Properties of Paddy Soils
in Lower Central Plain, Thailand
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Abstract

The objective of this study was to monitor the changes of some soil properties as influenced by the seawater
intrusion in the paddy soils on the Lower Central Plain of Thailand. The paddy soil samples were collected monthly at
depths of 0-15, 15-30, 30-60, 60-90 and 90-120 cm from five sites located in Nonthaburi and Pathum Thani provinces.
A grab sample method was used to monthly collect the water samples at the Chao Phraya River and the water reservoir
nearby the soil sampling sites. Some physical and chemical properties of soil, as well as some chemical properties of
water, were analyzed every single month from March 2018 to February 2020. The variability of the chemical properties
for soil and water between the year was statistically performed by Student’s t-test. The results demonstrated that soil

moisture in the first year (March 2018-February 2019) ranged from 22.99-79.04% and in the second year (March 2019-
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February 2020) ranged from 9.87-88.98%. The electrical conductivity of soil, sodium adsorption ratio of soil and the
electrical conductivity of water in the first year ranged from 0.32-4.42 dS/m, 7.04-37.23 and 0.26-1.6 dS/m, respectively
and in the second year ranged from 0.47-5.73 dS/m, 3.63-31.45 and 0.21-6.73 dS/m, respectively. According to the
observed electrical conductivity and sodium adsorption ratio of soil, it could be indicated that these soils in the study
areas were affected by salts. The variability comparison of the data obtained from the first and second years revealed
that the electrical conductivity of soil had increased in the second year while the sodium absorption ratio had decreased
(P < 0.05). The electrical conductivity and sodium adsorption ratio of water in the first year and second year revealed a
statistically significant difference (P < 0.05). Based on these findings, the severity of soil and water salinity had increased
in the second year, which was in line with the highest salinity level of water in the Chao Phraya River with possessing
the increase trend in the second year. Thus, the management and planning for freshwater utilization to extrude the
potential seawater intrusion in the future are required.

Keywords: seawater intrusion, salt-affect soil, paddy soils, soil properties
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Figure 2 Soil moisture of study location 1 (a), 2 (b), 3 (c), 4 (d) and 5 (e) at soil depths of 0-15, 15-30, 30-60, 60-90
and 90-120 cm in the first year (March 2018 to February 2019).
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Figure 3 Soil moisture of study location 1 (a), 2 (b), 3 (c), 4 (d) and 5 (e) at soil depths of 0-15, 15-30, 30-60, 60-90
and 90-120 cm in the second year (March 2019 to February 2020).
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Figure 4 Electrical conductivity of study location 1 (a), 2 (b), 3 (c), 4 (d) and 5 (e) at soil depths of 0-15, 15-30, 30-60,
60-90 and 90-120 cm in the first year (March 2018 to February 2019).

Location 1 (a) Location 2 (b) Location 3 ()

’ soil depth {cm}
’7\ —8—0-15
——15-30
30-60

e 60-90

soil depth (cm)
——0-15

soil depth (cm)
~8-0-15

—e—15-30
30-60

—=15-30
30-60

ECe (dS/m}
ECe (dS/m)
ECe (dS/m)
o ok oNow B oW

o = N oW & w

=+=50-90 e 60-90

- —t—90-120 -
BRGRRR AR L KRN RRERRR LR AR NN St
Rt el e R G At
Month_year Month_year Month_year
Location 4 @ Location 5 (e)
5 5
4 i 4 '
z soil depth (cm) soil depth (cm)
5° o e-015 £3 =015
g2 M \// IS0 o 1530
]
1 3060 i 30-60
o ——60-90 o —=60-90
FPR P PP DD PP TN PEPPR PP PP PP P T

i
NFCIVEVEN VNSV, NN J )
RSSO SR QL & ‘!\'5\ EE ST R g

Month year Manth_year

Figure 5 Electrical conductivity of study location 1 (a), 2 (b), 3 (c), 4 (d) and 5 (e) at soil depths of 0-15, 15-30, 30-60,

60-90 and 90-120 cm in the second year (March 2019 to February 2020).

Tnemnaaluuiidnmaasia 2 3 Sdanimmsirisnnnd 2 dsim Gaduliadniamaedoiflnesian
1710 InELanIZian ladenauLfa (AnanstinAITNLgNanen, 2548) Qmﬁnmﬁ' 1 (Figure 4a), 2 (Figure 4b) wa 4 (Figure
4d) WD 1 LL@zamﬁﬂmﬁ 1 (Figure 5a), 2 (Figure 5b), 3 (Figure 5¢) uaz 5 (Figure 5€) D7 2 FAranmnnsti il
2NN 4 dS/m waasliiudnRu LA A ENAAINInAe WananEANan st iRk RE AN
4.42 ds/m Wl 1 11 5.73 ds/m WDl 2 uazilegeanluieuiiunnu n.e. 2561 uazifeuimEEL WA, 2562 ANNAIL
i (flesanndasnandnanaiiiunnsndution svsenndestumAELIeduTianas uaniudieRadvanatedin
AL miummqLf;mm@uﬂ?mmuwm1umewmamm@nmummm'ﬂﬂ@mq”lmﬂ danaliindefiazaneninldiian
MEaRY  iesannIdansnTean AN TN NL TN NI ARBITALlsEN s N el dms
mimwmﬂumqLfammnmmmwwu musandeiazanennldanadinunasan luiuiFnmannisaaeuiineain 14mL
ﬁﬂﬁmafaﬁavmﬂ‘jﬂﬁmmﬁlﬁmm@m?i@uﬁ%um@'ﬁuuuLL@”Lﬁmmmvmmﬁ@huﬁﬁﬁmﬁuﬁ ARl LT AnEnT
mmmwm&miﬂﬁﬂumqqqmme\mmqmﬂuwuﬂ?mmmﬂlumnmﬁ@mmmﬁ”ma (mmmﬁfﬂm AUAT WATATLEY, 2563;
ANAT 30UV, 2539) el AuivnnsAnnidlenaninnisinisanngn 4 ds/m LﬂuﬂfwwmwLﬂummmnmmmm@m
49 (aneT agiuv, 2539) Hesanndnairanulaserauinsesdiu vnldsusydupanufnsesdiufinnnawdufis 41aay
nepmeinnIsIyLAL s NITUANNBANAS sanuazludaltouazifinnaelsda (chlorosis) Tuunedquzesluans (Brinkman
and Singh, 1982) YENANTEaTENN I BN AvENATIANIEL RaNg R TiaaY 1 Wike uasTin GRELEEIES
wnnddaBneae (anes agiiug, 2539) Luawmﬂmmmmwmimh\lﬁwmmummvmummmniuumm@mﬂnmmmm



12 MIANTINHATNIZABNNAN 2565 : 40 (1) : 7 - 17

2 1 wudn ﬂﬂﬁﬂ‘lﬂﬁ'ﬁl 2 uay 5 AnvuduugliuaesAan s Wi gandnAuans 'mfaﬁfmm&;mmnmﬂ%’ﬂi:‘imﬂﬁau
m’u mﬂ%ﬁfmﬂmmwaﬂa‘vmuﬁ?‘@LL;J‘LE’]L'%’f]wnmﬁﬁmﬁmvmﬂiﬁﬂvﬂu@ﬂ Asdanalfinannsazannae lssuuauNin
Ty LL@”‘Luqmﬂﬂmw 3 LAY 4mumwLLuqiummmmm‘wmiu’ﬂWv’\Tf]mrmmuuu fmmﬂfmmﬂuma‘mmummmuﬂm
AunTinAenaeusneld mummusluwuwmmnmumLummmnmm@ummLL@‘VWﬂfﬂumwvm Famynautmzai o
Tsnmaummmﬂ@ﬂuimgq mumﬂ?mmm@@m:mﬂuﬂﬁ?‘ﬂmmuhaglﬂummm@"lm uasdawnrealnfen wAadew
LazuniiFey sufladannaeuinsreandenaranlutuntninay fadenasaAanmnni ininaeiu (Keren,
2000; Mengel and Kirkby, 2001; Haviin et al., 2005) atSlafinnu A NIULINTBINTTIATUEVENAAININABAINAT 1A
FuusiusTazvineanud I InTen  uaz LN@W@’W?M’W?VHVMN@Wﬂ@WQVLVlEIW‘LIQ’IGNMQmuu‘ill‘]_lﬁ‘“ﬂ\miv yyiganngalng

uﬂﬂmﬂmuawﬁwammmmmL@umﬂmw (qmﬂﬂmm 1 uaz 2) ﬂiuﬂ'aurmLLquuummmmmum@;ﬂumumwmam

Anendi 1, 3 uae 4 uanslRfiudnAnnseAe TR LI TsTIUT AL T
dnsndaunisgedulnhaunenu uituAAN N TiszAUANEN 0-15, 15-30, 30-60, 60-90 WAz 90-120 al. Ll 1

HAnes lundy 7.04- 37.23 (Figure 6) fé”mflzifmmammsﬁu‘l}mﬁﬂmmﬁuhﬂﬁ 2 fdanegluide 3.63-31.45 (Figure 7) Taginn

U
172
= d

f‘gmiuwumﬁﬂmmmm 2 um@mwzﬁqumimmu‘lﬁmmaumnmq 13 me\ﬂ‘wmufnmu’Luwumﬂnmimu‘amﬁwmm
TrAnnnuaniaaulaunnluny muamﬂnmw 1 (Figure 6a), 2 (Figure 6b) uaz 4 (Figure 6d) 1uil7 1 Lmy@;mmﬂmm 1
(Figure 7a), 2 (Figure 7b), 3 (Figure 7¢) waz 5 (Figure 7e) Ml 2 TA1an1nn13tin iunnngn 4 dS/m uasdmnsngdaunnsg
gadulnfannInng 13 uassdnAuldsuaninaaininge uarinisazanlanassnluiu auunaialidunudalesn
fifynazanindegauazazanlanongs  Wathaumaiduvinnsnensazaianisesoyiuinvesive  luimeauasi
- - o 3 4 v a o & ~
asaaauluniaannisgidedn luunsafsananueinisdanalulng Asqadsruuly Tudauussluwaes Wasan
@m‘wmmLﬂ@@mm@ﬂmnlum?@mw Ayl Nty R ainlding Tneannzlugoanguds (aned agiiu,
2539) ufaﬂmnumwum @mﬂﬂm‘w 3 (Figure 6¢) way 5 (Figure 6e) Tuﬂ‘w 1 FArgan s lindasndn 4 dS/m us
gndaunisgaduinaenninngy 13 wansdiAudinanlifugninaaininde  wariinisszanlnifengandiAunsgu
o a U a a dJ al al a d‘d 1 ] v a a
uunatia eiduaulean deddymannisaranlanengs Bunalnsaundagunn idiiansienszaisaeseuniabu
Tnaannzhuwmiien denalilassainsnuliagsn Aundu indueulaen nistdrameinialais sanseanisteulsaessinive
= . v A , v Al a a = a a Vo P A & A

soudaiugilassasianissanaasnaniva denalinanlgnlunulsandniaasuydulaldadinane (auds agiiu, 2539) e
ﬁmmmmﬁmmmummmsﬁuimﬁmmm’qqmwﬁnmmﬁu WU ‘EmﬂmulummumquLLmTuummmuuu A1aN
ANNANNUSTURRF AR Lummnmﬂuwuwﬂm:mmmnmumLummmnmwnfaummmmmumvrmumw @ T9mzneu
mml,@uﬂ?mm‘l}mﬂummLﬂ@ﬂuingq mumﬂ?mmm@am:mamimmﬁmﬂumLﬂum@mmlim WATZTANATDS
TnpeN wAalTan wazuunilidan (Keren, 2000; Mengel and Kirkby, 2001; Havlin et al., 2005) mlfiiannsazanlamen
N MUITULAY  [UAsAUAIRAINNNTEN AN T9denRARIr LN RS Y89 Wongpokhom  (2007) mwmﬂmm‘f,ﬂmau
Aaales Lﬂum@fa‘wwumﬂmmiumuwimuamwmmmm wananindh A vsuRuRnanEms IennsEuinannAaes
Ta13TNIU mﬂLmemwszm‘lwmqmmmméu@q @wmma’luwu‘mmﬂmqmm@mmzﬁqums@muiﬁmmumeu
Wasannnsazanlananluszuunuesinasaile



King Mongkut's Agr. J. 2022 :40 (1) : 7 - 17

n Location 1 (a) Location 2 (b) Location 3 (c)
40 30
30 soil depth (cm) 30 soil depth (cm) soil depth (cm)
o 8015 —8-0-15 0 ~8—0-15
%20 % 20 £ -
o —a—15-30 & ——1530 & —e—15-30
10 3060 4 3060 © 30-60
—==60-90 == 50-90 ——60-90
0 0 o — 90120
GG R R R S S S S 90120 GG R N ) 120 &@&0@&&«?«?&@@
S EEIT I I II IS S R R D AP BT S I I TIIS
U N AN O QR @SR @ T Iy ¥ < R
Month_year Month_year Month_year
Location 5 (e)

Location 4 (d)
30

soil depth (cm)

soil depth (cm) 20
20 ~@=0-15 « =m=0-15
<< 1
g —e-1530 o130
10 3060 30-60

0 =—em60-00 0 —=m60-90
—+—080-120
PP EH PP PP S pop o 0 RO TS
R ST P
Month_year Meonth_year

Figure 6 Sodium adsorption ratio of study location 1 (a), 2 (b), 3 (c), 4 (d) and 5 (e) at soil depths of 0-15, 15-30,
30-60, 60-90 and 90-120 cm in the first year (March 2018 to February 2019).
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Figure 7 Sodium adsorption ratio of study location 1 (a), 2 (b), 3 (c), 4 (d) and 5 (e) at soil depths of 0-15, 15-30,
30-60, 60-90 and 90-120 cm in the second year (March 2019 to February 2020).
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Figure 8 Electrical conductivity of water for the study location N1, N2, P1 and P2 in the first year (March 2018 to

February 2019) (a) and second year (March 2019 to February 2020) (b).
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Figure 9 Sodium adsorption ratio of water for the study location N1, N2, P1 and P2 in the first year (March 2018 to
February 2019) (a) and second year (March 2019 to February 2020) (b).
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Table 1 Variability comparison of electrical conductivity (EC,) and sodium adsorption (SAR) for paddy soil samples at

study location between first year and second year.

T-test
Parameter Location Depth (cm)
0-15 15-30 30-60 60-90 90-120
EC, 1 * * * * x
2 ns ns ns ns ns
3 ns ns ns * ns
4 ns ns ns ns ns
5 * * ns ns ns
SAR 1 ns ns * * *
2 ns ns ns ns ns
3 * * ns ns ns
4 X « x x x
5 ns ns ns ns ns

*Significant difference at P<0.05, ns non-significant difference.
m@mﬁmmxﬁmwmJa‘ﬂmummmmmwmiﬁﬂvmﬁLL@xﬁmﬂzﬁfmmi@mﬁu‘iﬁnlﬁﬂuﬁu@\iﬁwwdwﬂ WU An
Anm N1, N2 uaz P1 Aranmmisi iiiuazdnsdaunsgadulnienaeaiing 2 1 uansnafuethediloddnmieadn
(Table 2) uazdlwnlhnfinduethailddeludi 2 lamanmnimiliihgegeaeniluluisihdmszefisiuann
1.6 dS/m WD 1 1 6.73 dS/m i 2 (Figure 8) LL@vﬁﬁﬁmiﬁmummm%FﬂLﬁﬂmmmmmﬁﬂmuﬂﬂﬁﬁwa”mlﬁuﬁu
a0 1.4 Wil 1 1 69.70 uilii 2 (Figure 9) all mﬂlmmwmmmmwuum ﬂ?mmuwmimmemmmimnmu
umm@ﬂmmfﬂm mmimnmmﬁﬂmmmmw memmmmﬁimmm ﬂimfaurmwuwﬂnmmmmmummmmmn
pEneuMANANTURAZNAULN Tmﬁmm@ummamﬁmm‘&mawLL@ﬂLﬂ@ﬂu”me @azﬁqmlmmmmummmeﬁu
‘Eﬁmﬂmmmmmu dwReafuAanwmni i (Residng aud? wazang, 2563) Lummummwuumw ¥inlvien
cﬁmummawmmnmmﬂiﬂmmmmws”mummmu LLmiummwmmnu@mmﬂmweﬂimmmmmmws"m‘wmﬂum
mmmm\mmmu 7 mezaafInaiszeziisangn netdes AvenaldFuavanazesAm LT lERY sauvis
araipannsldthsadszmuiienanems lugasiiieime AT
Table 2 Variability comparison of electrical conductivity (EC,) and sodium adsorption (SAR) in water samples at study

location between first year and second year.

Location
Parameter
N1 N2 P1 P2
ECw * * * ns
SAR * * * ns

W

T-test

*Significant difference at P<0.05, ns non-significant difference.
nsAnEaNTRuasAun lfFuRansznuAINaninatasimzanyuluunANAmdauuTuaslnueni  uana
TidiudAuluiundnslafunansznuaininge uaziuwsldunazladsunansenusnnaululi 2 annisiwssiriann
st liuazdnsdiunisgadulanon wud AurunAnsdi 2 Haraniwmsin lWidsavanAuiunAnesnDa 1 us
Wudn drsndaunisgadulnifenanas andanmnsi i uazdnsdaunisgadulnhen aunsndnauuntlszim
a Ao A vo Ja A oA ~ya = ~ a ° '
PR9RUNHHANszNUANINGS THAH AuNunAne TN 1 luaednud 1, 2 uay 4 FAraniwmss iaanndn 4 ds/m uay



16 MIANTINHATNIZABNNAN 2565 : 40 (1) : 7 - 17

dnsndaunisgedulnipauninnda 13 auundsainmlfiiunudalesin aaAanuna 3 uaz 5 araninnisinliindeands 4
ds/m uardnadauniagadulmmasunnngy 13 Apauunssinnfiduiulssin lwanenludy 2 wudd qadneni 1 uas 2
o o a dld A v a =3 a 1 a dl = dl a g 3
Jpanuunilszinmasshuninansznuaininas imdunuanlaanguis luaeh qpanen 3 uaz 5 Haranimnisinlnin
WinaudinusinsdpauuniuawAnlzan douaadnmd 4 daranwnisiilwinanas auunlfduaulaanluin 2
anuansanaziinladngadlinuulslmurasaufafniulunuidng  uazianuduiusiuaAimnusnaasinly
udR sz

agUuanisAnm

mmmiﬁmWmmiLﬂ'ﬁZ’iﬂuLLﬂmmmmuﬁ‘rﬁﬁumqﬂi:miiuﬁuﬁﬁiﬁ?“u'éw%wam@qinwmméu u?mmﬁim@jmmﬂ
nasnauasreslszndlng swdauun wazdyuei Aidslenllumminun dudieuiivinn we. 2561 e ieu
NNATWUE W.A. 2563 WUdD fanuudsUsuaspnanfiistuetredanuluiiiidne Temudn pssesiuilan
LLﬂiﬂmu‘luifauﬂ TneaziiAngelunaudunaniamaumEey uas Lm@uﬂiﬂgmumm@ummm m@mm@mﬂuqﬂmmmv
ﬂ?mmmtlu LL@”mmLﬂmmuﬂummmm”m waadlsisiuin B oshaa e avesienisnanduimeiaainaniay
vz sanuuls uenaninLANLsUsasT e sAnEn LD 1 (Feuunas w.e. 2561 fe LARUNNARUS W.A. 2562)
uazdil 2 (Lm@uumﬂu WA, 2562 DN LABUNNNIALS WA, 2563) Imﬂwmnimumqmmwmqﬁmummmmmmvm
mmmul,l,iwuiumaﬁnmﬂw 2 (IOUNWIAN W.A. 2562 D9 LABUNNNIWUE WA, 2563) mm@mﬂ@mnummmmumm
Tuusithidmssen g ANt uee Tl 2 (Aewdinam w, A 2562 D9 LABUNNNIAUS W.A. 2563) FeuAedesiing
sansuarmeneunnnsldidnlunsndndimenainanazime quuwm@mmﬂu@ummm AYSENTARAIN
LAZAIIAGRLANNIFN IR PLLAT T LR InERsns sy wmmwximumma:wumn@mwmmmmmmu e lsmeu
memwﬁnﬁ\iﬂa&lmﬁmwLﬁm'%u iedluumamelumsudlaluewnansiely

= =
namAngsNUszn A
m@maucﬁ]m@m LL EILL@w‘WWu']LLM\?NV’]QWE’]@HLﬂE’W?ﬁq@W? mﬂmmuuammmmw’l mﬁ’mmﬁumuunu

v

AuFunnsailuddeasatl

LANA1TA9DY

nauNIWeNNescil. 2563, aTEiAneNN1ANAN. m:mfmwé'wmﬂiﬁﬁmmﬁLL@zﬁaLLqmﬁﬂu.
httpy://www.dmr.go.th/ewtadmin/gwt/dmr_web/n_more_news.php?ﬁlename:centraI_geo. (25 FUINAN 2563).

NTNNINNTUN. 2563. TenuanunTiingedu. https://dwr.go.th/uploads/file/statuswater/2020/631201%20Manager.pdf. (1 NeNHIAN
2564)

Lﬂmmﬁﬂm AUAT, UNINT AugnanAail, 41101 NI0LN, An1a9Tou Fellas wazenau WugnanAail. 2563 ﬂmﬁwmmu’m AUYUABAY
LLﬂiﬂﬁ")uﬂJ’mmmLﬂmmmuluwuwnwm&mmmmﬂwuﬁ’m 17A17UNEINEAT 48(5): 1028-1041.

ﬂmﬂmiﬁmmmﬂﬁwqwm 2548. ﬂﬁwqwmmmmu W;J‘wmw] 10. NFANNL: '&’MﬂWﬁJWNWVW]EI’mEILﬂ'i:rﬁlj‘ﬂ’mmﬁ‘

Hnemznaulay mmm‘wm 2564. mmmmmumimmmmmmt,mﬂ?mmm LLNH’]L@’]‘W?‘”EI’] NINTALTENU.
http://hydrology.rid.go.th/sediment-wa/index.php/th/. (17 §1a1AN 2563).

FAugA1 18515, 2558. ﬂWiLﬂgﬂuLLﬂ@QﬁﬂWWQﬁﬂﬁﬂﬂﬂLLﬂzLLu’m’Nﬂ’]iLLfﬂ“ﬂﬁﬂalW]. 919A198IANANAET NIINEAEIATLATUN I8 18: 416-
423.

ANUAN I9TDUALA. 2558. ﬂ’]iLﬂ?ﬂlﬂuLLﬂ@\iﬂﬂ’]WQﬁ’ﬂ’m'}ﬁ: nansznusalsznalye. 411indan1s drinewaansnisq@ian.
http://library.senate.go.th/document/Exﬂ0567/10567795_0002.PDF. (18 f121AN 2563).

anes agiuil. 2539. AutAnlutlzzmalng. ngamny: NINREAUINAY NIENININBATUAZAUNIAINITNG AT,

Black, C. A. 1965. Method of soil Analysis, Part 2. Chemical and Microbiological Properties. Madison, Wisconsin: American Society of
Agronomy.

Brinkman, R., and Singh, V. P. 1982. Reclamation of brackish water fishponds in acid sulfate soils. https://edepot.wur.nl/75851 (11
December 2020).



King Mongkut's Agr. J. 2022 :40 (1) : 7 - 17 17

Google Earth. 2021. Sampling location for paddy soil in Nonthaburi and in Pathum Thani Province, Thailand. Google.
https://earth.google.com/web/@13.67665711,100.44240947,8.224845264a,170488.46962463d,30y,-
0h,0t,0r/data=CjwaOhl0CiQweDMxMWQ4MDhhYTImYjhINDc6MHgxMDE5MjM3NDUwYzQ4NTAgDFBBVEhVTSBUSEFOSRGCI
AEBAWOBMA. (26 January 2021).

Havlin, J. L., Beaton, J. D., Tisdale, S.M., and Nelson, W. L. 2005. Soil Fertility and Fertilizers: An Introduction to Nutrient Management.
7th Edition. New York: Pearson Prentice Hall.

Keren, R. 2000. Salinity. In Handbook of Soil Science, M.E. Summer, ed. pp. G3-G21. Boca Raton: CRC. Press, LLC.

Mengel, K., and Kirkby, E. A. 2001. Principles of Plant Nutrition. 5th Edition. Dordrecht: Kluwer Academic.

Nicholls, R. J., and Cazenave, A. 2010. Sea-level rise and its impacts on coastal zones. Science 328(5985): 1517-1520.

Phankamolsil, N., Sonsri, K., and Phankamolsil, Y. 2021. Consequence of seawater intrusion on soil properties in agricultural areas of
Nonthaburi Province, Thailand. Applied Environmental Research 43(2): 77-92.

Salinity Management guide. 2007. Learn about salinity and water quality: sodium adsorption ratio. https://watereuse.org/salinity-
management/le/le_5.html. (10 August 2021).

Sojisuporn, P., Sangmanee, C., and Wattayakorn, G. 2013. Recent estimate of sea-level rise in the Gulf of Thailand. Maejo International
Journal of science and Technology 7(Special Issue): 106-113.

TransRe Fact Sheet (TRF). 2011. Climate change in Thailand. Translocal Resilience Project.
http://www.transre.org/application/files/7415/4411/3781/Climate_Change_in_Thailand_TransRe_Fact_Sheet_No._2.pdf. (5
January 2021).

United nation framework convention on climate change. 2020. Climate change. https://unfccc.int/topics/adaptation-and-resilience/the-big-
picture/what-do-adaptation-to-climate-change-and-climate-resilience-mean. (12 December 2020).

U.S. Salinity Laboratory Staff. 1954. Diagnosis and improvement of saline and alkali soils. Washington: U.S. Department of Agriculture
Handbook No. 60.

Wongpokhom, N. 2007. Variability of natural soil systems as affected by salinity level in Thailand. Ph.D. thesis, Kasetsart University,
Bangkok, Thailand.

JUFLLNAN (Received date) : 17 4.A. 64
Suurlaumaau (Revised date) : 17 n.W. 65

FumausuLMAIIN (Accepted date) : 22 {.A. 65


https://watereuse.org/salinity-
https://watereuse.org/salinity-
https://unfccc.int/topics/adaptation-and-resilience/the-big-
https://unfccc.int/topics/adaptation-and-resilience/the-big-

King Mongkut's Agr. J. 2022 : 40 (1) : 18 - 27 ANIANTNHATNIZADNNAN 2565 : 40 (1) : 18 - 27

A0uNsainIsAadIsI AT NNTINEATTAIE A UAN N LUl AT NT UL
Knowledge Transfer Situation for Agricultural Extension in Schools in Urban Areas

WL51 1@aNAAN1T dunela’” wasiness anans’

£Y)

Phatchara Eamkijkarn Sabaijai“ and Tippawan Limunggura1

UNARED
a o a’l’dv r-d: =2 L d‘ a A =2
nMaReiRingUszasAliveAnmnantunisainisdeanslunisdadsunisinems luilesresanudnm 1y

wagnTies Inedsade @ Funu Alduuusesunaluniafudagsangunuan udnm luassnaiies A1 400
Wil wan1s3aEnLan 1) msliianndiAtyuasmszminaesanuAnmsanisannisBuuindsunisnems uilaqiii
wazawpsnauyniszinuag luszaunn anduluiagiiunnisaduayua BN Iim B ANSNINYAAINININTINEAT
agluszAuihunany 2) aniunisninis@eanslunisdnanisBuufiienisaaasunisinensiesAilsynauaein1sdoans
TunisdnnisFaunsasuluiasdauwaznsdnnanssuueniesfauiansuzadendeiy - ldun  apdudrenas
daeu deys dszifu ivetlemanidunn AU snEmnIn NLLLEEUIaINITNINANEBNNIALATLAINIAY
nmansmsnidunszuadeanlanuazilszna uazanfirunisinemsiugiwinll aedululssfuneaiunisaanmig
nanems uaznguimneddnduinGeu sndudelunisdanisFaunisasuluiesseuiinisldmiae e usinis
v a % = ¥ a dl a oA val g 1 o = % d‘ a
nnanssnuenviesFaudunisliulasandnuningn 3) nmavsegidiusinlunisdnnisBeuiinenisdauadunisinems
doulunjilupnudaniieresnsauniiueatin Fauiuguau uas 4) AnndniareasaaiuAnen lunisdpnisFauginenis
guasunsinensdaulvaieglussauuin
AdNA: de nersludes anuAne N9duEINNTINERS

Abstract

This research studied the modes and status of learning management promoting agriculture in schools
within urban areas using quantitative research methods. Data from questionnaires from 400 representative schools
in urban districts resulted indicated that: 1) The emphasis and awareness of the educational institutions towards
learning management that promotes agriculture is at a high level in almost every aspect, , except that support for
agricultural human resources is only moderate 2 learning management promoting agriculture in classrooms
contained similar components with outdoor learning activities. That is, the teacher is the source of knowledge,
agricultural material taught conforms to Ministry of Education’s text book including trends in world agriculture, and
basic agricultural knowledge emphasizing production, targeted at students. Primary media used in classrooms were
text books, while the outdoor activities were mostly demonstrative garden plots 3) the majority of participants or
partners supporting the learning management promoting agriculture were the students’ families and community 4)
the overall level of learning management promoting agriculture in urban educational institutions was at a high level.

Keyword: media, urban agriculture, school, agricultural extension
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7) Support for agricultural activities 355 | 922 High @ 387 | .921 High @
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Figure 1 The communicative situation of learning management promoting agriculture in classroom.
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Figure 2 The communicative situation of learning management promoting agriculture in outdoor learning activity.
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mMsAnETNAraINTa I AewazUSuadainanlaluaaslsd (HiRLKI) NUNIZEN
Tunsdagsunisiiasinanialuaasismaainalisdenamelaaneisaudganive
Examination of Host Plants and Quantity of Ectomycorrhiza (Astraeus odoratus) Suitable for

Promoting Ectomycorrhiza Rooting of Dipterocarpaceae Seedlings under Greenhouse Conditions
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Tanapak Inyodw*, Thanakorn Lattirasuvanz, Thanapat Termaromw, Chatree Koneew, Surima Yatsomw, Piyada Eamprasong1,
Natthapach Srihanant’ and Anupong Gabjun4

UNARER
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gaafitandauaziBunoutefiaenlnluaaflem Wanz)  lunsdunlddeaiunisasoyivinaaanan ldhedena
lauA e91n (Dipterocarpus a/atus Roxb. ex G.Don), Lm (Shorea obtusa Wall. ex Blume) ka5 (Shorea siamensis
Miqg.) 81¢] 3 1haw Imﬂﬂ@ﬂmmmmiumunm 1 U8z 2 A udazATETIAYNITY 1 Few ﬂ"}mmumnm\mu 2 i”mu
A9 20 uaz 30 AaARAIFDAUY LLFHUWMEUAURLAAILAN HANIINARBINLG mwmmmaﬂqﬂmmmmmmm: 2 Ak
TBunaeiiay 20 fades Wuanesinzanlunsdadiunininmnealnluneslsaesnd hadananels
aquﬁ‘@uﬂ@lnﬁmmnﬁ@m TnaidiaanuansngiuanalisdAtyneatfluiuanNgs idurugueEnansssAuAesn
ANNENATIN ANUIUIINUAW LAz FuNNaaTan ndumitenu RAwindu 15.83 wufums, 1.72 Aadns, 853
faAiums, 990 910 uax 7.36 NFu muAsy mudsiefifusnnainmniealalupeslimunniigaie 81.31 iwefifusd
& miunnInageunsiagued DNA filAussaiaEN TN men A paegalnsnes GAPKI26F uay
GAPK379R WLiRnLaL DNA 1unmtlszanms 250 gud dienReudieuiusuiilildsumsldde @anaun) azli
Usngunu DNA fanana deuasiisnruanansnsesideiisienialuneslemlunsdidldmiunnioends eldns
nsiansilannatlsrauanudisaunniyluenag
AdAty: Wawne laalnlupaslen Waande Tdasdang

Abstract

Mycorrhiza are a type of fungus that arise from the symbiosis between fungi and plant roots. This study
examined optimal ectomycorrhizal mushroom (Astraeus odoratus) inoculation volume promoting growth in 3 month
seedlings of Dipterocarpaceae: Dipterocarpus alatus Roxb. ex G.Don, Shorea obtusa Wall. ex Blume and Shorea
siamensis Miq.,. The seedlings were inoculated either 1 or 2 times, separated by one month, at two different dosage
levels: 20 and 30 ml/seedling, and compared with non-innoculated control. The results indicate that S. obtusa that
were inoculated twice with 20 ml each time showed optimum condition to promote the root ectomycorrhiza of
Dipterocarpaceae seedlings under greenhouse conditions. The height of seedling, stem diameter at root neck level,

root length, the number of lateral root and biomass of the aboveground part were evaluated approximately, 15.83
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cm, 1.72 mm, 853 mm, 990 roots and 7.36 gram, respectively. In addition, the highest percentage of ectomycorrhiza
root was 81.31 percent. The presence of DNA specific to A. odoratus in root hosts was ascertained using the
GAPK126F and GAPK379R primer combinations, DNA bands representing approximately 250 base pairs ,
compared to the untreated plants (control) which did not exhibit the DNA band.. This study may be of use in
optimizing the production of A. odoratus for promoting growth in Dipterocarpaceae.

Keywords: Astraeus odoratus, ectomycorrhiza, host plants, Dipterocarpaceae
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Figure 1 Mycelium density of A. odoratus in PDA media for 30 days (a) and mycelium in PDB medium for 20 days
(b).
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ﬁ@?ﬁﬂmalﬂﬂgllﬁ‘zwhx‘i 0.52-0.71 RAAWAT (Table 1) aaMARE4TLNNWASE 284 Li-Hui and Qiang-Sheng (2017) l@#An®
L%@iﬁﬂﬁ{ﬂ/@@ﬂﬂﬂuﬂﬂ‘ﬂﬁ“ﬁ’]lﬁi’ﬂﬂ’]i‘lﬂ?‘iy@‘i_limm@\'iﬁu Trifolium repens L. wudﬁﬁuﬁiﬁi‘”umiﬂgﬂmm%@ Rhizoglomus
intraradices TWAYINEA meﬁ”umu@.uﬂ’ﬂawﬁﬁﬁum?ﬁ'ﬂ 16.78 WIUFLNAT WA 3.15 NARWAT AINAIAL dausiuge
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ALIAN HANAILNEN 9.14 lIURLNAT LRI LNNUISEa8Y Sreedhar and Mohan (2016) naaaunIsastyALInTes
A1 Neo/amarck/a cadamba mﬂma‘ﬂammﬂm@mmﬁ‘ummﬂmaﬂﬁ‘m G/omus fasciculatum) WUINNNENAINTT
ﬂmmmﬂm 180 41 HERIN9RTYNIAUANES dUEuAunansansu uaviviinusie windu 2561 LHURLNAS,
6.80 NAALNAT LAY 6.53 NTN ATNAAL LmLLﬁéﬂumﬂmumuwiuimumiﬂ@unmﬁLmﬂumm@ﬁme 19.33 LHURLNAS,
4.53 TaAWAT WA 4.24 NFU MNANAL

Table 1 Height seedling and stem diameter of D. alatus, S. obtusa and S. siamensis were compare with inoculated

mycorrhiza (A. odoratus) and non-inoculated seedlings for 4 months.

Height seedling (cm) Stem diameter (cm)
Treatment
D. alatus S. obtusa  S. siamensis D. alatus S. obtusa  S. siamensis
T1 control 5.52+0.10d 3.80+0.30d 4.35+0.35d 0.52+0.04d 0.71+0.05d 0.53+0.10b
T2 20 ml inoculation 6.48+0.30c 5.32+0.26c 10.83+0.40a 0.83+0.15¢c 0.90+0.03c  0.78+0.02a
T3 30 ml inoculation 5.25+0.25d 6.97+0.20b 6.18+0.22c 0.57+0.12d 1.02+0.07c  0.84+0.16a

T4 20 ml inoculation for 2 time  8.69+0.20a 15.83+0.30a 8.18+0.35b 1.57+0.24a 1.72+0.20a 0.90+0.17a
T5 30 mlinoculation for 2 time  7.54+0.40b 15.50+1.50a 5.95+0.40c 1.14+0.16b 1.42+0.05b 0.82+0.10a
F_test *% * % *% *% *% *
CV (%) 4.02 7.51 4.93 16.86 8.76 15.81

Mean in the same column followed by the same latter are not significantly different by DMRT at P=0.05.
** * Significant at 0.01and 0.05 probability levels, respectively.

Table 2 Leave numbers and Roots length of D. alatus, S. obtusa and S. siamensis were compare with

inoculatedmycorrhiza (A. odoratus) and non-inoculated seedlings for 4 months.

Leave numbers (per plant) Roots length (mm)
Treatment
D. alatus S. obtusa  S. siamensis D. alatus S. obtusa  S. siamensis

T1 control 11.00£2.00 8.00+£1.00 7.00£1.00 265+28b 282+20c 65+5¢
T2 20 ml inoculation 13.00£1.00  9.00£2.00 8.00£0.00 270£19b 323+22c 129+8b
T3 30 ml inoculation 12.00£1.00 9.00+£1.00 9.00£1.00 294+26ab 331+16¢C 137+14b
T4 20 mlinoculation for 2 time  10.00+2.00  8.00+2.00 7.00+2.00 309+18ab 853+48a 145+10b
T5 30 mlinoculation for 2 time  11.00+2.00  7.00+0.00 1.00+1.00 326+24a 585+32b 182+18a

F-test ns ns ns * > >

CV (%) 14.42 17.24 15.16 7.95 6.28 9.01

Mean in the same column followed by the same latter are not significantly different by DMRT at P=0.05.
*** Significant at 0.01and 0.05 probability levels, respectively. ,ns non-significant

NANTTATIANLAN N ILTR9A NN B wasss  wudnllumnsnaiulunneanin (P<0.05) Inasunananeun
Nldime 1 A%y 150104 20 waz 30 Hadamssiasy darusuluninigaedswinty 13 uaz 12 Tu auansy lusnsiisu
« e~ 4 A e y 0 e « N
W wazdaiiawulusnnigaaasviniy 9 lu WenfFauiauiuenaw wie wazds fldldlddediaeng (@aacunw)
Fanaulumdsingu 11, 8 way 7 1u MNANAL LazNan13RTIaTAANNENRIN WUINFUNA LRI ldTe 2 ATIL BN RT
20 Uy 30 AAARATEDAU HANLNNIMNIRALNINTGAWINTL 853 LAY 585 HARLAT TAYAINIAENNW LAES NlATU
M7l 2 AY Bu1ms 30 NadanTABsMUY 326 WAy 182 NAALAT MNATAL WellTauieuiuenaw e wasss
A5 unsldimeinaniuenanN@aswinALLEs 265, 282 LAz 65 RAALNAT AMNAIAL (Table 2) AMNNANITNAARS
1 U QJdI Yas ] d’l < a a v al 1 £ d‘ U 9Jdl Yo ] d’l
wuan na inlasunslddaiaumnsdniaainlunniudndisunauaun wesannnanlinlasunisladime s luaesle
azi hlnsefuuardaainlunisgadusinaimslen Mldunmiharsamnamaillldldinean dewslidunldime
p~ a a a o o a aa o , o o A
Tupaslsfinamsauiuinmndt uazdiauaisnsalfnlpaunineanaiaslussiusn Iaedulelupeslsnney
Tupusieulmieanma (phosphatase) vinlinasmagniaeteaninainaisisznauduvise uazgnaadulnedule
wadlupeslsnegluin M ldNgaunsnieanefandesaaauda il ldunndndunlilalddedinlumeslen
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(Nuangmek et al., 2016; Nopamornbodi, 1995) AaAARANNLNNUIAEIIAS INTNTTOS iieauTn wazanta Ainghsan (2563)
Amzviurisedng  uwaztSunusnensluin wdmslddadioen: 6 iHeu wudqﬁq@ﬂ'wauﬁﬂ@unﬁ’fuw:mu
Iuﬁ‘iﬁuﬁﬂ@ndwL%ﬂﬁﬂ?‘mmﬁuvﬁm"mmLL@“W@@W@%@MﬁU 2.94 uar 2.89 wefidus mNaIAL ‘Lummﬁﬁwﬂm
pauAn HuSnnBurisednquaziearefaiies 2.61 uaz 2.20 wefdud Auail idwReaNWISETRs 4R
\WwIeuing URig  (2561) ﬂﬂmummmwmmmLmJluumqmm@mqmgwmmm’m WU uauRenifiafiRaTY
faaudniuslaaaseiu sy Aaadulumy Lmvﬂ?mmm@mmﬂumuwmmmu‘imuﬂ?mmiﬂmmu 0.21
wWaedidus uazvaanasa 3.19 wesigust

naaalSinanatanndiuuiianu uazdiulasu manssmsdgndieidadinmnzaslunaildaeden
= =l a 96’ o % i U % v v U =3

NaTedLSuuNaataNndauieAu (Uuinuiediuaesluiazais) lund lifaedanalaun anewn i uas
o 1 A :’/ a dl Yar 1 d’l =3 a = 1 A a 1 v < dl Yo
59 wudaiaia 3 1iia lssunsldidadiaunsiiBununatonndaumilefugandtsunouan Tagenizifanlasy
nslddedineng 2 A 15NR9 20 HaaaRssas HLFNUNIATININGIgR 7.36 NN 909ANARENIw NlATLNIS
ldda 1 A3 AAvedewiiy 6.25 ndn lwaneidundnlildlgnimeinnsineadianndaumilefutioangnme
Fusa Wit 2.60 NFu (Table 3) dauiFunuuaadonndaulaanu (ninuderessn) wudnsunaienlasunisldiae
WinNE 1 A3 5unme 30 Hadanssiesiu Hdnsuaatonmdanlsfuniniigawindy 7.95 nin wlsauisuiusundd
£7910 b9 Bazs NllAld@e N aTan ndaulanuies 2.30, 3.06 WAL 2.69 NFN MINANGL (Table 3) ADAARBITL
UANEree suANY Busen uazAy (2564) nageulddawinsiuwin (P. portentosus) Taeldidule (mycelium
inoculum) U3n1m3 20 Radamnssesi wudnmundnfladsunisldise Juiadanindluuiiasi 5.20 NiN LAZNIaTINN
doulsinn 2.90 niN TuaniefuauANRALREN 3.10 uaz 0.70 NFN ATNAIAL WURELTLNIUAAEL09 Kaewgrajang
et al. (2013) Anwniawsnyiuinvassiugumandinislgnanameinenytaaldalasiaouany  (spore
suspension) U5uNm3 10, 25 waz 50 Raaanssiasmi kaz ldidule (mycelium) 25 AadansmAasu wuanis MalesUsuing
25 Hadans Isunamaatanndaumtefunazdauldfuninign

Table 3 Biomass of aboveground part and underground part of D. alatus, S. obtusa and S. siamensis were compare

with inoculated mycorrhiza (A. odoratus) and non-inoculated seedlings for 4 months.

Treatment Aboveground by biomass (g) Underground by biomass (g)
D. alatus S. obtusa  S. siamensis D. alatus S. obtusa  S. siamensis
T1 control 5.68+0.60a 3.20+0.70 2.60+0.28b 2.30£0.41b 3.06+0.63b 2.69+0.58
T2 20 ml inoculation 6.25+1.00a 3.53+0.75 4.27+0.89a 2.5310.38b 4.37+£0.87b 2.92+0.74
T3 30 ml inoculation 6.13+0.13a 4.22+0.87 2.84+0.39b 3.40+0.77b 7.95+1.24a 2.92+0.82

T4 20 mlinoculation for 2 time  4.27+0.27b  7.36x0.56 4.16+x0.67a  5.32+0.96a 6.45+1.02a 3.14+0.69
T5 30 mlinoculation for 2 time  3.95+0.44b  6.72+0.58 3.15+0.76ab 5.19+0.84a 6.46+0.79a 2.33+0.41
F_test *x *x * *% *k nS

CV (%) 10.90 14.01 18.80 18.98 16.49 23.68
Mean in the same column followed by the same latter are not significantly different by DMRT at P=0.05.
ns non-significant, **,* Significant at 0.01and 0.05 probability levels, respectively.

naNMsAsIANLAININIIN uazilasifusnisiinsnealalanaslsanmeanasnisdgndadavinmnzadly
nanbaineAeNg

m@mamf;wmwuquiwnl,mu\i‘imﬁLm@q Epson Perfection V700 Photo Tunanldiaadana laun anaun i uaz
wianldiFeiaud 1 Heu wudrdundwis 3 1l mimwmﬂmmumLmymmmumnmﬂmnmummu GREaTY
muﬂmﬂzdLmﬂmqmu?ﬁﬂmnmm Af L mwmumnm@mgivmm 896-990 9NGIAFL FBIAINIAD NN HANNIUINGEY
SYUIN 709-892 $NABAU LACTINAIUMINaL TN 316474 snsiast WanFaufaunusun i ldsunsld@eiamny
@arnuAN) Tufie 81911 Uarss NudIRAIUUINIRARINEN 692, 696 UAY 253 SINFIEFUW ANAIAL (Table 4) ANBALIIN
£ =3 dl Yas Idy 3 = v 1 1 1 v =
A ladunsld@amiamng Sanuiamnaluey (ap root) daslausinlugjudaFeqliaudelatamn wazanuaug
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(lateral root) tagtyuanasn lLaNsNuiaRaaENaWIuNN (Figure 2B) WalBFeniieniusnaassiuganatan snwian

WItyeaNINHANAEN UazEen Ansasyaesmnuasiianysnd anwundes uazuis (Figure 2a) d9uasianInaTiuun
= o v a a a é 1 U dl Yo 1 d’l [~3

wazameNIIesie v WReEnmassEuTrAnd AU ldsunslgnda@esiawng (Brundrett, 2006)
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Figure 2 Characteristics of the lateral root numbers of Shorea obtusa seedlings for 5 months; (a) non- inoculated

and (b) inoculated with mycorrhiza 20 ml/plants.

Table 4 Lateral root numbers and percentages of ectomycorrhizal roots of D. alatus, S. obtusa and S. siamensis

were compare  with inoculated mycorrhiza (A. odoratus) and non-inoculated seedlings for

4 months.
Lateral root numbers (per plant) percentages of ectomycorrhizal
Treatment
D. alatus S. obtusa S. siamensis D. alatus S. obtusa  S. siamensis
T1 control 696+88b 692+69b  253+48c 36.45+4.28b 34.27+3.56b 36.48+5.70b
T2 20 ml inoculation 720+96b 990+48a  474+68a 76.28+8.54a 80.56%9.57a 60.47+8.20a
T3 30 ml inoculation 892+24a 979+98a 425+63ab 73.93+7.26a 71.03+5.70a 60.20+4.90a

T4 20 ml inoculation for 2 time  709+78b 990+89a  316+52bc 76.71+6.98a 81.31+7.80a 54.03%+6.10a
T5 30 ml inoculation for 2 time  883+38a 896+82a 414+85ab 77.99+7.21a 78.04+8.20a 58.93+3.90a
F_test *% *% *% *% *% *

CV (%) 9.07 8.98 17.14 10.24 10.58 10.97

Mean in the same column followed by the same latter are not significantly different by DMRT at P=0.05.
*** Significant at 0.01and 0.05 probability levels, respectively.
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3d) #RAARENALNNUANEIRY  BTAN BNE9N WaTALY  (2558) wunisaiaenlnlupeslsnveadinmnsdsuss
(A. sirindhorniae) WAIn31d%a1T8 LATWLINGN rhizomoph ANHUEALIAIAAITEL ] 99N

5000 pm

Figure 3 Characteristics of the creation of ectomycorrhizal in the root of S. obtusa ; (a) plant root (control),
(b) plant root covered by rhizomorph, (c) transverse section of the non- mycorrhiza (control) and (d)

inoculated roots with mycorrhiza.
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1Kb

500 bp
250 bp

D. alatus S. obtusa S. siamensis

Figure 4 Gel electrophoresis of selected A. odoratus ectomycorrhizal roots amplifled using GAPK126F/
GAPK379R primers; M= 1Kb DNA ladder marker, Lane P= mycelium of A. odoratus (positive control),
Lane N= T1 non-inoculated (negative control), Lane 1= T2 20 ml inoculation, Lane 2= T3 30 ml

inoculation, Lane 3= T4 20 ml inoculation for 2 times and Lane 4= T5 30 ml inoculation for 2 times.
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The Development of Site-specific Nutrient Management Recommendations for Sugarcane Culture
in Kamphaeng Saen Soil Series, Central Western Region of Thailand
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Abstract

This research aims to develop the site-specific nutrient recommendation and the scope for devising site-
specific macronutrient recommendations for sugarcane in Northeast Thailand’s central western region. We further
investigate optimal nutrient management for profit maximisation. The nutrient recommendations used here were created
from DSSAT (Decision Support System for AgroTechnology Transfer), usingspatial soil data, climate, management,
genetic coefficient and tailored fertilizer mixes generating various nitrogen rates specific to each study site. The
proposed nutrient regimes were validated using experimental growth plots. The two original recommendations (based
on soil analysis for sugarcane from DOA (Department of Agriculture (T1) and site-specific nutrient recommendation for
sugarcane in Northeast (T2)) were compared to the DSSAT generated recommendations: site-specific nutrient
recommendations for sugarcane (T3), one-half DSSAT recommended T3 N-rate (T4) and 1.5 times recommended T3
N-rate (T5). The experiment was carried out on plots comprised of the Kamphaeng Saen soil series. The result indicated
that T3 (the DSSAT generated recommendation) did not significantly diverge from average yield of T2 (site-specific

nutrient recommendation for sugarcane in Northeast) for both plant cane and first ratoon cane. However, the DSSAT
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recommendations significantly enhanced the yield over DOA (T1) and local farmer yields. The DSSAT generated
recommendation not only reduced the cost of fertilizer, but resulted in increased profit over typical farmer practice.
Therefore, we conclude that the wider use of DSSAT generated nutrient recommendations and applied site-specific
nutrient recommendations for sugarcane in Northeast for similar soisl could enhance sugarcane yield in central western

region.
Keywords: site-specific nutrient management, Kamphaeng Saen soil series, sugarcane, central western region of

Thailand
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Table 1 Nutrient quantity of each treatment for plant cane and first ratoon cane in Kamphaeng Saen soil series, central

western region.

Treatment Nutrient for plant cane (kg/rai) Nutrient for first ratoon cane (kg/rai)

N P,O, K,O N P,O K,O

T1 12 3 12 18 6 18

T2 16 9 24 16 9 24

T3 24 3 12 32 6 18

T4 12 3 12 16 6 18

T5 36 3 12 48 6 18

Farmer’s practice 29 10 0 29 10 0

T1= nutrient recommendation base-on soil analysis for sugarcane from DOA (Department of Agriculture)
T2= site-specific nutrient recommendation for sugarcane in Northeast for similar soil series

T3= site-specific nutrient recommendation for sugarcane in study site (N rate form crop model)

T4= the recommendation N-rate 0.5 times of T3

T5= the recommendation N-rate 1.5 times of T3
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Table 2 Growth of plant cane in Kamphaeng Saen soil series: stalk height and number stalk per area at 4, 8 and 12
months (120, 240, and 360 days after plant).

Treatment 4 months 8 months 12 months
height (cm) stalk/rai height (cm) stalk/rai height (cm) stalk/rai

T1 108.85% 12,328 241.33% 7,359 283.63% 7,370
T2 104.00° 12,688 243.50%° 7,447 298.67° 7,454
T3 109.70%° 12,550 237.00° 7,463 277.10a" 7,401
T4 104.90° 11,799 231.17° 7,265 256.00° 7,130
T5 123.15° 13,175 257.50° 7,846 296.20° 7,790

F-test * ns * ns * ns

CV (%) 9.56 8.98 5.21 10.24 7.66 8.54

* Significant difference at P <0.05, ns non-significant difference.
Mean in the same column followed by the same latter are not significantly different by DMRT at P=0.05.
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Table 3 Cane yield, fresh weight, dry weight and CCS of plant cane in Kamphaeng Saen soil series.

Treatment Cane yield Fresh weight Dry weight CCS
(stalk /rai) (ton/rai) (ton/rai) (%)
T1 7,370 14.92 3.60° 15.88%
T2 7,454 17.89 3.70% 16.43°
T3 7,401 17.00 4.86° 15.11%°
T4 7,130 14.63 4.12%° 15.11%
5 7,790 16.95 4.62% 13.33°
F-test ns ns * *
CV (%) 8.54 15.26 16.34 10.80
Farmer’s practice 7,289 14.35 4.43 14.25

*Significant difference at P <0.05, ns non-significant difference.
Mean in the same column followed by the same latter are not significantly different by DMRT at P=0.05.
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Table 4 Growth of first ratoon cane in Kamphaeng Saen soil series: stalk height and number stalk per area at 4, 8 and
12 months (120, 240, and 360 days after plant).

Treatment 4 months 8 months 12 months
height (cm) stalk/rai height (cm) stalk/rai height (cm) stalk/rai
T1 119.73 16,489 224.53 12,339 227.66 10,074
T2 114.12 17,312 204.83 12,555 218.80 10,159
T3 118.58 15,501 225.27 12,382 251.37 10,921
T4 113.15 15,467 235.67 10,614 244.73 10,489
15 121.13 17,141 211.33 10,879 222.47 10,413
F-test ns ns ns ns ns ns
CV (%) 5.00 10.58 12.01 32.07 11.35 13.57

*Significant difference at P <0.05, ns non-significant difference.
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(HANAR 12.61 WA 12.27 fusals muaify) ﬁuﬁmmﬁﬁﬁwm%umﬁlm (LNZANTL T3) W9 AT TR AN
Il lsiuananiadagendy (13.21 susials) mndnssisaniudnaieluwsiazinfunimases (Table 1) 4 Umu”l,mm RbT
T3 ”Lzﬁﬂﬂ”l,u‘lﬁmmumﬂmﬂmmmmi‘u wazgendnludasilgn daudnaleaviesauazTnuinaduadu luie 3 Fuuzhil
Sannsdlluansnetuanniin wiearananldinlunsdlfennelugaiuiiumugy fuushaaneiauazinunaFaus
ﬂ'ﬁmmwfauﬁﬁﬂmﬂi‘”uﬁéwﬁuﬁmﬂﬁ’]LLuzﬁﬁiuTMiL@uﬁiﬁ@ﬂnLmuf«h@mmiﬂ@,ﬂﬁmﬁum@g\ﬂﬂﬁﬁmﬁ'mﬁmQ@ﬁum
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imuntun vsiuaziinszsululpnawdu 1.5 wih mmam@;mmmﬁfaﬂmaiuﬁﬁuﬁfawLﬂummmﬂﬂ?mmvl,u‘immuﬁ
@;qndﬁﬁﬁé’uﬁlu 7 daaliniaasyivinludcawsnaesdesnaidandt  mszanAIAREHRUNLIHLENETR81NS
mﬂﬁ’w’ﬁ\imﬂﬁﬂﬂﬂgﬂﬁ@uﬁi’mﬁﬁ (organic matter 1.43%, Total N 0.05%, Exch. K 44.21 mg/kg) aniiu Bunnmesnead
AEUT19g9 (Avai. P 49.83 mg/kg)
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Table 5 Cane yield, fresh weight, dry weight and CCS of first ratoon cane in Kamphaeng Saen soil series.

Treatment Cane yield Fresh weight Dry weight CCS
(stalk/rai) (ton/rai) (ton/rai) (%)

T1 10,074 12.61° 3.39 12.62

T2 10,159 12.27° 3.18 12.73

T3 10,921 13.21%° 3.01 13.27

T4 10,489 12.15° 2.81 14.82

T5 10,413 14.83° 3.27 14.38
F-test ns * ns ns

CV (%) 13.57 19.47 18.19 12.32

Farmer’s practice” - - - -
*Significant difference at P <0.05, ns non-significant difference. " Farmer’s plot was damaged by fire.

Mean in the same column followed by the same latter are not significantly different by DMRT at P=0.05.
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Table 6 The total cost and income from each treatment for plant cane in Kamphaeng Saen soil series.

Treatment Cane yield CCS Fixed cost Fertilizer cost Total cost Income Net profit
(ton/rai) (baht/rai) (baht/rai) (baht/rai) (baht/rai) (baht/rai)

T1 14.92 15.88 8,196 706 8,902 10,582 1,680

T2 17.89 16.43 8,196 1,297 9,493 12,665 3,172

T3 17.00 15.11 8,196 1,010 9,206 12,034 2,828

T4 14.63 15.11 8,196 706 8,902 10,375 1,473

T5 16.95 13.33 8,196 1,618 9,814 11,988 2,174

Farmer's practice 14.35 14.25 8,196 1,738 9,934 10,174 240

Table 7 The total cost and income from each treatment for first ratoon cane in Kamphaeng Saen soil series.

Treatment Cane yield CCS Fixed cost Fertilizer cost Total cost Income Net profit
(ton/rai) (baht/rai) (baht/rai) (baht/rai) (baht/rai)  (baht/rai)

T1 12.61 12.62 4,196 1,103 5,299 8,947 3,648

T2 12.27 12.73 4,196 1,297 5,493 8,710 3,217

T3 13.21 13.27 4,196 1,458 5,654 9,373 3,719

T4 12.15 14.82 4,196 1,052 5,248 8,641 3,393

T5 14.83 14.38 4,196 1,863 6,059 10,515 4,456

Farmer's practice” - - 4,196 1,738 5,934 - -

K Farmer's plot was damaged by fire.
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Abstract

A rice bar made from fruits and puffed rice was locally processed using a formula based on the “upcycled
food principle”. The product used rice crumbs fried until crisp as the main ingredients, and other minor ingredients
(cereals, glucose syrup, Halal gelatin), and dried fruits (banana, mango, raisin) suggested by a survey of ASEAN
respondents. The mixture design technique for mixing three dried fruits was applied to reveal the optimal mixed fruits
proportion of dried mango (6.41%), dried bananas (6.06%), and raisins (11.53%). The other rice bar ingredients were
puffed rice 25%, oats 10%, white sesame seeds 4%, pumpkin seeds 10%, Mung bean 9%, glucose syrup 16%, and
halal gelatin 2%. The product quality analysis revealed water activity 0.63, moisture content 4.53%, peroxide value of
5.93 milli-equivalents peroxide per 1 kg food, and texture analysis indicated hardness of 44.52 Newton. Microbial
content was up to Thailand Community Product Standard of fruit vegetable and cereal bar (TCPS 902/2016) and
ASEAN Guidelines on Limits of Contaminants for Health Supplements (2021). Nutritional analysis results from the food
standard laboratory compared with the nutritional facts of the similar products in ASEAN indicated that the formulated
product was lower in energy and fat, based on 25 gram samples. One standard serving contained 90 kcal, sugar 3
grams, fat 1 gram, and 55 mg sodium. The ASEAN sensory testers generally accepted the new product. The cost of

the edible rice bar was approximately 4.87 baht.
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Figure 1 Sticky rice cracker (a) and puffed rice as a by-product (b).
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Table 1 Mixture design of dried fruits to produce puffed rice bar.

Dried fruit (% w/w)

Treatment
Dried banana Dried mango Raisin

1 (B12M7R5) 12 7 5
2 (B4M8R12) 4 8 12
3 (B8M8R8) 8 8 8
4 (B5SM12R7) 5 12 7
5 (B8M4R12) 8 4 12
6 (BBM8R8) 8 8 8
7(B4M8R12) 4 8 12
8 (B5SM12R7) 5 12 7
9 (BOM11R4) 9 11 4
10 (B11M4R9) 11 4 9

Note: For all Treatments, B, M, and R means the weight of dried banana (w/w), dried mango (w/w), and raisin (w/w), respectively.
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1N FUUNAILAIN 0.44-1.41 LW SunWeduuis 0.60-1.80 LW ANvanasuaAfian 0.62-0.69 wazAAINITY 27.43-52.96
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Table 2 Dried fruit cost, physico-chemical, and overall preference of puffed rice bar with three dried fruits.

Dried fruit cost

Treatment (baht/ 100 grams) Water Moisture Hardness Overall

activity (%) (N) preference
mango  banana raisin

1 (B12M7R5) 2.29 0.45 1.80 0.62+04 457 +£0.6 52.96 £ 0.5 6.35+1.0
2 (B4M8R12) 2.46 0.91 1.19 0.67+04 4.70+04 4523 +0.5 571+1.2
3 (B8M8R8) 2.48 1.39 0.60 0.69+0.2 448 +0.5 29.36 £ 0.2 588 £1.0
4 (B5M12R7) 2.46 0.91 1.19 06704 470+04 4523 +04 6.47 +0.9
5 (B8M4R12) 3.94 0.94 0.60 0.67 £ 0.1 442+0.2 27.43+0.3 6.00£1.0
6 (BBM8R8) 4.04 0.44 1.16 0.65+0.3 469+0.3 42.52+0.5 6.35+1.3
7(B4M8R12) 4.04 0.44 1.16 0.65+0.3 469+0.3 42.52+0.3 564 +1.2
8 (B5SM12R7) 1.01 1.41 1.13 0.67 £0.1 469+0.3 33.61+0.3 476 £ 0.6
9 (BOM11R4) 1.02 0.85 1.80 0.63+0.2 423+05 4482+ 0.4 51108
10 (B11M4R9) 1.01 1.41 1.13 06704 4.40+05 33.82+0.5 517 1.2

Note: mean = standard deviation.
For all Treatments, B, M, and R means the weight of dried banana (w/w), dried mango (w/w), and raisin (w/w), respectively.

FUUARNAL  NENNeUWI (A) ANNIYINeERAe 0.01A+0.01B+0.01C R’=1 ( p<0.05)
AANEAIN (B)  ANANVNUNIEAD 1.91A+0.41B+0.40C R* =1 ( p<0.05)
AU (C) ANNNIVNUNLAD 0.59A+2.40B+0.60C R® =1 (p=0.05)

ANBINATLA AT ANNNTVNNLAR 0.07A+0.60B+0.67C R’ = 0.8651 ( p<0.05)

ANANNLIY ANNNYUNEAR 23.52A+60.65B+36.19C R® =0.8430 ( p<0.05)

BUNIUANNTY dNNNTINUNEAR  4.45A+3.60B+4.05C+1.44AB+0.87AC+3.68BC R® = 0.8160 (p>0.05)
ANTALTALIIN ANAIINUNEAS 4.62A+5.20B+4.41C-0.52AB+6.27AC+6.05BC R? = 0.7855 (p>0.05)

A: banana
19

hardness: 30

hardness: 50

20 4 18
B: currant C. mango

Figure 2 Triangular layout for 3-dried fruits to optimize puffed rice bar.
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Nutrition Information
Serving size: 1 bar (25 grams)

Serving per container: 1

Amount per serving

Total energy 90 kcal

Percent Thai RDI

Total fat 19 2%
Protein 24g
Total Carbohydrate 9 g 3%
Sugars 449
Sodium 55 mg 3%

*Percent Thai Recommended Daily Intakes for population over 6 years of age

are based on a 2,000-kcal diet.

Nutrition value per bar

N NN Yy

Energy Sugar Fat sodium
90 4 1 55
kilocalorie gram gram milligram

*calculate as percentage of maximum intake per day

Figure 3 Nutrition label and GDA label of dried fruits in puffed rice bar.
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Figure 4 Dried fruits in puffed rice bar (a) and package design of the puffed riceberry bar (b).
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Effect of Temperature and Time of Drying Process on Chemical Quality of Konjac Powder and
its Application in Sausage Emulsion

ansan wailuaidn)”
Apirada Phonpannawit"
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1981 5 i Wudﬁmﬂ%fqmuqmummuﬁ 65 avpniTalEad 1aan 5 Falu muﬂﬁié’ﬁﬂ?mmslﬂmmmm‘llﬂiﬁuuwm‘?izgm
fAaaTu 7.66% lastu 1.02% WUlsiu 8.54% Anslulawmsm 76.90% laenmng 5.40% duuLlsBunnusaynienawnmdlasiy
uldnsen'n 4 Amaasasai 1) Wlastumy 23% (grsnauax) 2) WlasTumsy 18% siewayn 5% 3) 1dlastumy 13% sewayn
10% 4) 14lasTiuvs 8% siewaaun 15% |dnsanliitidlastimg 13% deiaayn 10% deileduda uazi@lhiuvnniwangns
AILAN TEdlAN shear force 1,114 g AN springiness 0.84 UA¥AN cohesiveness 0.39 Hiffunnlaaning 1Bunmulishiu
gendngasauay widiFunnsdadusindngaseanay Teilleamns 6.40% lusiu 13.34% Tdsfiu 18.91% uazunsioel
Hpnanneglunaeiunsgundnineigueuesldnsenin (une.331/2555)

ANATY: Yn Navinuie ananaunulaiu 1énsen

Abstract

Konjac is a dietary plant with high fiber content, low Glycemic Index value and perceived health benefits.
Nowadays, consumers are encouraged to select foods that are high in fiber and low in fat, and thus, konjac is an
interesting local ingredient to use in a process and thereby gain benefit as a healthy food. The purpose of this research
was to study the optimal temperature and drying time of konjac powder, and to apply the powder to food. The drying
temperature and time were as follows: 1) 65 °C for 4 hours, 2) 65 °C for 5 hours, 3) 75 °C for 4 hours, and 4) 75 °C for 5
hours. We found that drying the plant at a temperature at 65 °C for 5 hours produced the highest fiber and protein
content. The product exhibited moisture content of 7.66%, fat 1.02%, protein 8.54%, carbohydrate 76.90%, and fiber
5.40%. The fat in chicken sausage mixture was replaced with konjac gel in experimental 4 variations: 1) lard 23% (control
formula, zero konjac), 2) lard 18% per konjac gel 5%, 3) lard 13% per konjac gel 10%, and 4) lard 8% per konjac gel
15%. The chicken sausage recipe using 13% lard with 10% konjac gel was no different in terms of texture and color
values from the control formula. The product had shear force 1,114 grams, springiness 0.84 and cohesiveness of 0.39.
Moreover, Fiber and protein content was higher than the control formula but fat content was less. This chicken sausage
contained fiber 6.40%, fat 13.34%, and protein 18.91%. In addition, the product quality was within the Thai Industrial
Standard of chicken sausage (T1S331/2012). This study indicates a potential avenue for expanding the utilization of

konjac as a healthy food supplement.

'neRtigeavnesiinEng Anzmatulagnininens snaneassaandeslua e.ulEy adaslud 50180
1Depar’(ment of Agro industry, Faculty of Agriculture technology, Chiangmai Rajabhat University, Maerim, Chiangmai 50180
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Table 1 Water activity and moisture content of konjac powder.

Treatment Aw Moisture (%)

4 Hrs. 5 Hrs. 4 Hrs. 5 Hrs.
Temp 65 °C 0.33+0.04 ns 0.39+£0.03 ns 7.07+0.77 ns 7.66 £ 0.86 ns
Temp 75 °C 0.26 +0.07 ns 0.32 £0.04 ns 7.50 + 0.69 ns 6.55 £ 0.90 ns

*Different letters indicate differences determined by Least-Significant Different (LSD) at the 95 percent level of significance.

ns = non-significance.

Table 2 Fiber and fat of konjac powder.

Treatment Fiber (%) Fat (%)

4 Hrs. 5 Hrs. 4 Hrs. 5 Hrs.
Temp 65 °C 418+ 1.04 A 540+0.83B 084 £0.21 A 1.02 £ 017 A
Temp 75 °C 439+0.76 A 4.80 +0.50 B 0.80 £ 0.39 A 0.90 £+0.14 A

*Different letters indicate differences determined by Least-Significant Different (LSD) at the 95 percent level of significance.

ns = non-significance.

Table 3 Protein and carbohydrate of konjac powder.

Treatment Protein (%) Carbohydrate (%)

4 Hrs. 5 Hrs. 4 Hrs. 5 Hrs.
Temp 65 °C 7.30+0.14 B 8.54 £0.21 A 78.94 £+ 0.35A 76.90 £ 0.29B
Temp 75 °C 8.02 £ 0.59 A 8.40 £ 0.38 A 75.16 £0.39C 7439+ 0.77C

*Different letters indicate differences determined by Least-Significant Different (LSD) at the 95 percent level of significance.

ns = non-significance.
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recognized as safe: GRAS) (Zhang and Yang, 2014) %\1mma\mf]ﬂ%m@qﬂﬁﬁﬁiamame"]Lﬁ@ﬁuﬁmmmiéfmﬂﬂ%ﬁmﬁu
udAeAY Table 4 uae Table 5

Table 4 Color properties of chicken sausage formulated and replaced with different percentages of konjac gel.

Treatment L* a* b*

Fat 23% (control) 77.52 +0.40 A 1.83+0.11A 13.19+£0.07 A
Fat 18% Konjac gel 5% 77.92 +0.16 A 1.78 £0.09 A 1292+ 0.14 A
Fat 13% Konjac gel 10% 74.09+0.33B 1.54+0178B 9.72+0.14 B
Fat 8% Konjac gel 15% 68.24 £+ 0.41C 147 +£0.14 B 13.08 £ 0.12 A

*Different letters indicate differences determined by Least-Significant Different (LSD) at the 95 percent level of significance.

ns = non-significance.
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Table 5 Textural properties of chicken sausage formulated and replaced with different percentages of konjac gel.

Treatment Shear force (g) Springiness Cohesiveness
Fat 23% (control) 1038 £ 53.27 A 0.81 £0.08 A 026 £0.11 A
Fat 18% Konjac gel 5% 1015 +66.32 A 0.83+£0.11A 0.28 £0.14 A
Fat 13% Konjac gel 10% 1114 £ 4914 A 0.84 £0.04 A 0.39+£0.16 A
Fat 8% Konjac gel 15% 1163 £ 75.64 A 0.86 £0.09B 0.57+0.20B

* Different letters indicate differences determined by Least-Significant Different (LSD) at the 95 percent level of significance.
ns = non-significance.
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lasfusneaayniunaliinAnuan shear force, AN springiness WA¥AN cohesiveness Lﬁm%mﬁmmﬂﬂqhLLmuLLuu%LLmﬂ
s lullsuavindidleldsunnufeuaziianimesiuaniaidulasssisfisinaauudusaeslassisumes
TsiulildnsanynltAnnisEmnniiuresdnioeuiniy fsdaalildnsentisfedudagmnaniniu (Salcedo-
Sandoval et al., 2015) gwiAtaiumsAseildaaynienaunulailulénsan 10% wodnldnsanitldiaayrmaundlasiy
azilAN hardness AN springiness AN cohesiveness WAY A1 gumminess Lﬂ'uﬁmﬁ'faLﬁﬂuﬁuzgmmuquﬁiﬂmﬁu 20% (Kim
etal., 2019) %\1mﬂ%m@uﬂiumamﬁmmﬂﬁ@zﬁmﬁﬂaﬁuﬁuu@ﬂmﬂ%ﬁwmLquimﬁuLLé’q?;Tammm‘l%lﬁ@ﬂ%uﬂgﬁLﬁ@ﬁmET@
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Table 6 The proximate composition of chicken sausage formulated and replaced with different percentages of konjac

gel.
Treatment Fat (%) Fiber (%) Protein (%)
Fat 23% (control) 29.49 + 0.33 A 2.03+0.77C 15.19+0.31C
Fat 18% Konjac gel 5% 15.85+0.16 B 451+0.648B 19.51+0.14 A
Fat 13% Konjac gel 10% 13.34+0.14 C 6.40+0.98 A 18.91+0.19A
Fat 8% Konjac gel 15% 9.08+0.24D 741 +115A 19.11 £ 0.33 A

*Different letters indicate differences determined by Least-Significant Different (LSD) at the 95 percent level of significance.

ns = non-significance.
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Table 7 Cooking loss and water holding capacity of chicken sausage formulated and replaced with different

percentages of konjac gel.

Treatment Cooking loss (%) Water holding capacity (%)
Fat 23% (control) 449 +0.54 A 1.73+0.10B
Fat 18% Konjac gel 5% 485+0.39A 2.01+0.34 A
Fat 13% Konjac gel 10% 5.04 +0.48 A 240+ 0.36 A
Fat 8% Konjac gel 15% 5.08+0.11A 241+0.14 A

*Different letters indicate differences determined by Least-Significant Different (LSD) at the 95 percent level of significance.

ns = non-significance.
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Influence of Fertilizer Types on Total Phenolic and Inulin Contents in Jerusalem artichoke

(Helianthus tuberosus L.)
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Abstract

Jerusalem artichoke (Helianthus tuberosus L.) is a plant that has potential as a health food. The objective
of this research was to determine the influence of fertilizer types on growth, yield, and total phenolic and inulin
contents in Jerusalem artichoke seed pods. The experiment was conducted by using randomized complete block
designed (RCBD) with 4 levels. The treatment consisted of 1) no fertilizer application 2) chemical fertilizer at the rate
of 25 kg/rai 3) manure fertilizer at the rate of 1,000 kg/rai and 4) bio-composted fertilizer at the rate of 1,000 kg/rai.
Plant height, SPAD chlorophyll meter reading (SCMR), leaf area per plant, leaf dry weight, stem dry weight, number
of tubers per plant, total phenolic and inulin contents were collected. The results showed that fertilizer type
statistically affected leaf area and number of tubers per plant. Chemical fertilizers application showed the highest
of leaf area but results were not significantly different from manure fertilizer, whereas application of manure fertilizer
produced the highest number of tubers per plant. Fertilizer type created no significant effect on total phenolic and
inulin contents. However, manure and biofertilizer application showed a trend to increase total phenolic and inulin
content compared with other fertilizer applications. In addition, the significant correlations were found between:
1) total phenolic content and SCMR (0.99**) and 2) inulin content and head per plant (0.98*) of Jerusalem artichoke.
Keywords: Jerusalem artichoke, organic fertilizer, phenolic, inulin
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Table 1 Organic matter, available P and exchangeable K of soil prior the experiment.

Organic matter (%) Available P (mg/kg) Exchangeable K (mg/kg)

1.48 58.06 52.43
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Table 2 Plant height (cm) at 30, 60 and 90 days after planting (DAP), SPAD chlorophyll meter reading (SCMR) at
90 DAP and leaf area (cm™ /plant) at 90 DAP of Jerusalem artichoke growing with different fertilizer type.

Plant height (cm) SCMR Leaf area/Plant
Fertilizer type
30 DAP 60 DAP 90 DAP (cm™/plant)
No fertilizer 21.3 425 Db 92.8 38.56 817.8b
Chemical fertilizer 33.9 749 a 112.0 40.08 1,721.8a
Manure fertilizer 28.0 69.6 a 110.4 38.13 1,329.4a
Bio fertilizer 27.7 58.0 ab 107.0 39.33 742.8b
F-test ns * ns ns >
CV (%) 20.36 18.53 7.51 4.58 16.25

ns: non-significant; *, **Significant at 0.05 and 0.01 probability levels, respectively.

Table 3 Stem dry weight (g), leaf dry weight (g), number of tubers per plant and harvest index (HI) of Jerusalem

artichoke growing with different fertilizer type.

Fertilizer type Stem dry weight  Leaf dry weight  No. of Tuber/plant  Tuber fresh weight HI

(9) (9) (kg rai”)
No fertilizer 65.5 43.5 227 b 5741 b 0.59
Chemical fertilizer 129.6 70.0 16.7 b 1783.7 a 0.69
Manure fertilizer 115.1 60.4 33.7 a 19411 a 0.74
Bio fertilizer 144.2 62.0 270 ab 1321.5a 0.62
F-test ns ns * * ns
CV (%) 42.47 25.64 21.76 22.43 17.87

ns: non-significant; *, **Significant at 0.05 and 0.01 probability levels, respectively.
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Table 4 Total phenolic content (mg/100 g dry weight) and Inulin content (%) of Jerusalem artichoke growing with

different fertilizer types.

Fertilizer type Total phenolic content Inulin content
(mg/100 g dry weight) (%)
No fertilizer 12.98 53.41
Chemical fertilizer 17.88 59.64
Manure fertilizer 18.09 61.38
Bio fertilizer 18.99 65.91
F-test ns ns
CV (%) 29.03 7.92

ns: non-significant.
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Table 5 Correlation between growth characters, total phenolic content and inulin content of Jerusalem artichoke growing by different fertilizer types.

Tuber Stem dry Leaf dry Phenolic
Height  Stem diameter SCMR Leafarea  Tuber no.
weight weight weight content
Stem diameter 0.4811
SCMR -0.1677 -0.0979
Leaf area -0.1068 0.6502 0.5836
Tuber no. -0.1768 -0.0021 -0.9378 -0.4833
Tuber weight 0.5433 0.788 -0.681 0.0767 0.5354
Stem dry weight ~ 0.2258 0.8269 0.4655 0.9425 -0.4787 0.3056
Leaf dry weight ~ 0.1247 0.7923 0.4903 0.9711* -0.4674 0.2555 0.9947**
Phenolic content  -0.1847 -0.0928 0.9997** 0.5959 -0.9306 -0.6795 0.4726 0.4993
Inulin content 0.0700 -0.1886 0.9442 0.3587 0.9816* -0.6801 0.3166 0.3134 0.9364
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Effect of Potassium and Magnesium Fertilizer on Growth and Yield Quality of Camellia Qil Tea in

Ban Pang Mahan, Chiang Rai Province
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Abstract

This study examined the effect of potassium and magnesium fertilizer on growth and yield quality of
Camellia oil tea (Camellia oleifera Abel.) in Ban Pang Mahan, Mae Fa Luang District, Chiang Rai Province. The study
was based on Randomized Complete Block Design (RCBD) experimental design with four simulations. There were
5 treatments, comprising standard farmer practice, and various supplements, ie: the application of 15-15-15 fertilizer
at the rate of 50 kg/rai (farmer practice; T1), Treatment 2-5 were applied with 15-15-15 fertilizer at the rate of 100
kg/rai, plus supplements. Treatment 2-3 involved additional application of potassium chloride and potassium sulfate
fertilizer at the rate 36 kg K,O/rai; Treatment 4 comprised additional application of potassium chloride at the rate 36
kg K,O/rai with magnesium sulfate fertilizer at the rate of 10 kg/rai; Treatment 5 involved application of potassium
sulfate at the rate 36 kg K,O/rai along with magnesium sulfate fertilizer at the rate of 10 kg/rai. Results showed that
there were no significant differences among treatments in plant height and stem diameter at an interval of 3, 6, 9

and 12 months. The application of 15-15-15 fertilizer at the rate of 100 kg/rai together with potassium sulfate at the
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rate 36 kg K,O/rai and magnesium sulfate fertilizer at the rate of 10 kg/rai (i.e. T5) significantly increased fruit yield
(p<0.05), weight of fresh fruit (p<0.05), dried seed (p<0.05), dried seed without husk (p<0.05) and oil contents
(p<0.05). However, the application of potassium fertilizers combined with magnesium fertilizer tended to increase
oil content of tea seed. Additionally, the application of 15-15-15 fertilizer at the rate of 100 kg/rai with potassium
sulfate at the rate 36 kg K,O/rai significantly promoted greater concentration of nitrogen (18.4 g/kg) phosphorus (0.5
g/kg) potassium (6.1 g/kg) magnesium (2.1 g/kg) in tea leaves. The high rate of fertilization stimulated significantly
higher plant nutrient concentrations. and promote higher yield of camellia oil tea.

Keywords: Camellia oil tea, potassium fertilizer, magnesium fertilizer, highland, Doi Pui soil series
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LmﬂﬁﬁﬂuﬁLLromLﬂﬁlwimuﬁu%@fg’lmzﬁu@,q uiitesannituiinasesilpuaaduannd  30%  uazduiu
anmsgeatiBnniuiigu (Land development department, 2015) smvns@essiamsgay@eliiums
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Table 1 Soil properties prior to the experiment.

Properties 0-20 cm depth 20-40 cm depth
Results Interpretation Results Interpretation
pH 5.98 Moderately acid 6.51 Slightly acid
%OM 2.85 Moderately high 1.13 Moderately low
Avail.P (mg/kg) 0.16 Very low nd Very low
Exch.K (mg/kg) 186.32 Very high 142.92 Very high
Exch.Ca (mg/kg) 499.59 High 393.43 Moderate
Exch.Mg (mg/kg) 145.53 High 185.02 High
CEC (cmol/kg) 13.83 Moderate 14.59 Moderate
Texture Clay Loam Clay Loam

Remark: nd = not detected.
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Figure1 Effect of potassium and magnesium fertilizer on growth of Camellia oil tea.

Remark: T1 = 50 kg/rai of 15-15-15 (farmer practice), T2 = 100 kg/rai of 15-15-15 +36 kg K,O/rai of KCl fertilizer,
T3 =100 kg/rai of 15-15-15 +36 kg K,O/rai of K,SO, fertilizer, T4 = 100 kg/rai of 15-15-15 + 36kg K,O/rai of
KCl fertilizer +10 kg/rai of MgSO, fertilizer, TS = 100 kg/rai of 15-16-15 +36 kg K,O/rai of K,SO, fertilizer +10
kg/rai of MgSO, fertilizer.
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(Mahmoud et al., 2017) smummmmmluﬂivmumimwmuﬂmmmm u@nmnumimumﬂﬁjﬂﬂwmeﬁmu
Famaiuni g wastFunnsnfufintuandae mum@qLﬂummmﬂmmmumﬂuﬂﬂwmeLeﬂﬂu
Sﬁm‘w;ﬂﬁmLﬂumﬂﬂ?:ﬂﬂumﬂmmmmuimmsﬁm Tahu Fawadn winlefln (Marschner, 1995) muwmwmmﬂu
nerLAUNIE NS R uaziRuilefiSustingi (Saron and Giri, 1990) a1NN13ANHIU84 Seo et al. (1986) WuIn7ld
ﬂm‘llwmeL%ﬂufa"mmqmqL@?M‘Lﬁﬂ?‘mmmmiﬂL@Emﬁlm%u Tuanifignathunansdsinansalaluadniisdy
aanAARdNL Mekki et al. (1999) Iumﬁﬁm%\iﬁiﬂrﬁ%Lﬂmxﬁ@mmwmmﬁﬁﬂumﬁmmLﬁmmnﬁ%@ﬁ'ﬁmmﬂizmi
annsAneaey gilFen Aunen uasdlads Andwsean (2559) Wi A n T TiRAA L s AT Funaunan
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Table 2 Effect of potassium and magnesium fertilizer on yield of Camellia oil tea.

Treatments Crop yield
Fruit Fresh fruit Fresh seed Seed dry Seed dry weight Oil
number weight weight (g/plant) weight without husk content
(no./plant) (kg/plant) (g/plant) (g/plant) (%/plant)
T1 65.25° 1.25" 450.00 119.57° 79.60° 31.20
T2 72.627° 1.42a° 578.32 152.30° 96.35™ 28.80
T3 69.42% 1.87° 653.35 155.75° 108.17%° 29.25
T4 79.55% 1.80%° 625.00 153.92° 120.00° 33.75
T5 84.07° 1.92° 640.00 157.00° 126.25° 34.92
F-test” * * ns * * ns
CV.% 13.73 25.45 22.91 12.80 20.35 13.90

"ns = not significant; *significantly different at 0.05 probability level; means with different lowercase superscript

letters within a column indicate a significant difference according to Duncan’s multiple range test at P<0.05

Remark: T1 =50 kg/rai of15-15-15 (farmer practice), T2 = 100 kg/rai of 15-15-15 +36 kg K,O/rai of KCl fertilizer,
T3 = 100 kg/rai of 15-15-15 +36 kg K,O/rai of K,SO fertilizer, T4 = 100 kg/rai of 16-15-15 + 36kg K,O/rai of
KCl fertilizer +10 kg/rai of MgSO, fertilizer, T5 = 100 kg/rai of 15-16-15 +36 kg K,O/rai of K,SO fertilizer +10
kg/rai of MgSO, fertilizer.
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msldilagmaianednnaevinzesdsljifsesnsnnssannuinumadon wazuwunilden vinlipoududy
va9lulngian (p<0.05) Weanada (p<0.05) unad@en (p<0.05) wNnT@aN (p<0.05) NNzdW (p<0.05) &In=d
(p<0.05) WATNBILAY (p<0.05) TlurinTy (Table 3) nslaflatwunadandamainliaoududuresdin:a
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SeuBeuiuiusnau senpdesiieniduaes Luo et al. (2020) iunnsmewnaieunnadiadhiuinsmndsn
iwmmﬂqm'luwcn”lummmLmeu@ Lmymmmmﬁmmmmmmvmuﬂfmmr]qm”luwsn Fadudvinaandngduiany
Tnemsyaanasesfuivesiudasmie lundamuiuiinaaes aenndeais qrisingn qunes wazAns (2563) WU
fuilgnanisudinisszaureueniitanaialdes lusziugedonaliiAndunsisenGeausie Weareia Tnunaides
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Table 3 Nutrient concentrations in Camellia oil tea leaves before and after experiment.

Treatments N P K Ca Mg S Fe Mn Zn Cu
(g/kg)  (g/kg)  (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Before 135 0.00183 6.7 6.4 17  0.003 88.01 140962 14 5.92
experiment
T1 16.1° 0.5% 45° 8.9 15°  02° 13050 157550 26.25°  12.25°
T2 16.8™ 0.4° 54* 82 17® 05° 11125 1855.00 43.75°  11.00°
T3 18.4° 0.5% 6.1° 87 21° 05° 12075 1570.75 59.00°  9.75°
T4 17.1% 0.5° 55 95 1.6°  0.9° 10875 1671.75 43.75° 10.25"
T5 16.5° 0.4° 59 89 17" 06 87.75 147575 55.75°  9.25°
Ftest” o ox o ns o o ns ns o o
CV.% 6.46 1146 1496 1412 16.86 7524  29.36 30.72 27.51 12.16
Critical 3.00 0.16 100 090 024 020 120.00  100.00 5.00 12.00
level*
Luoetal. 16.80  0.80 120  7.00  2.00 - 50.00  881.00  10.00 5.00
(2020)

"ns = not significant; ** significantly different at 0.01 probability level; means with different lowercase superscript letters
within a column indicate a significant difference according to Duncan’s multiple range test at P < 0.05
Remark: T1 = 50 kg/rai 0f15-15-15 (farmer practice), T2 = 100 kg/rai of 15-15-15 +36 kg K,O/rai of KCl fertilizer,
T3 = 100 kg/rai of 156-15-15 +36 kg K,O/rai of K,SO fertilizer, T4 = 100 kg/rai of 15-15-15 + 36kg K,O/rai of
KCl fertilizer +10 kg/rai of MgSQO, fertilizer, T5 = 100 kg/rai of 156-15-15 +36 kg K,O/rai of K,SO fertilizer +10
kg/rai of MgSQO, fertilizer.
*Critical level Source: Plant Analysis an Interpretation Manual (Reuter and Robinson, 1997).
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Factors Relating to Social Media Literacy of Young “Smart Farmers”
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Abstract

This research aimed to study factors relating to the social media literacy of Young “Smart Farmers” (YSF).
The study sampled 313 people in 2020 by using questionnaires to collect data. The results of the study found that the
typical YSF was a male who used a smartphone at their home/accommodation. Almost all use Facebook as a channel for
social media, every day between 8am-midnight. Their objective in using social media was to search for information,
although the main activity was sending messages. Expertise in using social media was at a high level. Moreover, the
overall social media literacy of YSF was at a high level. Statistical analyses revealed that gender, age, educational level,
secondary occupation, agricultural type, income, and expense were generally associated with social media literacy
(p<0.05)and primary occupation, social media knowledge were highly associated with social media literacy (p<0.01). Few
YSF experienced social media usage problems.

Keywords: Young Smart Farmer, media literacy, social media knowledge, behavior knowledge, media exposure
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Table 1 Frequency and percentage of knowledge of using social media of Young Smart Farmer.

Knowledge of using social media Frequency Percentage
Low level (0.00 - 3.66) 1 0.32
Moderate level (3.67 - 7.33) 102 32.59
High level (7.34 - 11.00) 210 67.09

mafiviniudadirneaulaiaasnunsnsgulug

insmenafulndfinmefiniuiedsnuealmbeelusziuunn (X = 151, SD. = 057) laafiazuudiad 66
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¥

Sedesndndudn q esenedesiuauisiraceden QRN (2564) wud1 mafuiviudenaviatesdgeany wudn
Faeengginnainrensdmanziuaznistsziudenana (Table 2)
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Table 2 Level of social media literacy of Young Smart Farmer.

Level of social media literacy Frequency Percentage X S.D. Level

1. An open mind to learn and understand social 1.53 0.53 High
media

Low level (0.00-3.33) 1 0.32

Moderate level (3.34-6.66) 102 32.59

High level (6.67-10.00) 210 67.09
2. Analyzing data and evaluating data from social 1.48 0.54 High
media before applying

Low level (0.00-2.66) 1 0.32

Moderate level (2.67-5.33) 105 33.55

High level (5.34-8.00) 207 66.13
3. Using social media as a selected 1.53 0.64 High

communication channel and improving

communication messages via an online platform

Low level (0.00-16.00) 22 7.03
Moderate level (16.01-32.00) 43 13.74
High level (32.01-48.00) 248 79.23
The overall social media literacy 1.51 0.57 High
Low level (0.00-22.00) 20 6.39
Moderate level (22.01-44.00) 39 12.46
High level (44.01-66.00) 254 81.15
Namiwm@uauuﬁgm
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Table 3 Relationships of factors with social media literacy.

Social Media Literacy

Using social media

as a selected

An open mind to Analyzing data and
communication
learn and evaluating data from The overall social
Factors channel and improving
understand social social media before media literacy
communication
media applying
messages via an
online platform

X p-value X p-value X p-value X p-value
1. Sex 0.035 0.851 3.883 0.049* 0.692 0.405 0.115 0.734
2. Age 0.695 0.707 0.614 0.736 6.752 0.034* 4.079 0.130
3. Education 6.205 0.267 1.270 0.866 6.921 0.140 5.419 0.247
4. Main 1.958 0.581 11.881 0.008** 8.567 0.036* 5.748 0.125
Occupation
5. Secondary 2.883 0.578 1.954 0.744 4.488 0.344 2.136 0.711
Occupation
6. Agricultural 3.059 0.548 4.831 0.305 8.196 0.085 2.438 0.656
Type
7. Income 1.608 0.447 2.281 0.320 1.915 0.384 0.475 0.789
8. Household 1.008 0.604 0.068 0.966 2.447 0.294 0.815 0.665
expense

9. Knowledge of 0.815 0.367 6.003 0.014~ 27.361 0.000** 36.803 0.000**

using social media

*Significant at the level 0.05, **Significant at the level 0.01.
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