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NAYBIULAAARENMSBNKAZ NSRS RUInYBIRUNaNUWE51TAN Coffea arabica L.
Effect of Seed Size on Germination and Seedling Growth
of Arabica Coffee Coffea arabica L.
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Selection of arabica coffee seeds before seeding is a method that could be recommended to
farmers for use in arabica coffee seedling productions. It has been observed that different seed sizes
affect germination and seedling growth but this has not been reported in arabica coffee. Therefore, the
effect of seed size and growth of arabica coffee seedling was studied. Six hundred coffee cherries were
collected from coffee trees within each of the four plots under the canopy of natural forest using
purposive sampling method and sizes of coffee cherries were measured. Then, seeds were divided into
3 size categories according to weight, which were large (>2.21 g), medium (1.43 - <2.21 ¢), and small
(<1.43 g). In addition, coffee seeds were also categorized according to the ministry of agriculture and
cooperatives grades using seed width as a criterion and resulted in 7 grades. Graded coffee seeds were
then germinated under greenhouse condition and seedling growth was monitored over time. The results
showed that differences among seed sizes either according to weight or width did not affect seed
germination, germination index, mean germination time and seedling growth. Therefore, this implied
that smaller seeds, which do not meet standard and were sold as cheap beans, can be used in coffee
seedling production. This can greatly reduce production costs for the seed business, as well as allow

for an efficient use of arabica coffee seeds.

Keywords: seed size, germination, growth, coffee seedling
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Table 1 Number samples of arabica coffee seed after divided into 2 types

Seed sizes Plot

1 2 3 4

Type 1 Large 100 21 25 40
Medium 767 266 374 807
Small 96 153 60 100

Type 2 1 84 24 16 29
2 174 a8 a5 77
3 321 92 147 291
4 187 90 119 265
5 52 95 53 137

6 5 26 11 10

7 0 0 0 0

Seed size type 1 large seed means weight of cherry coffee is >2.21 ¢; medium seed is 1.43-2.20 ¢ and small seed is

<1.43 g; seed size type 2 grade 1 width of parchment coffee is 27.14 mm; grade 2 is 7.14-6.75 mm; grade 3 is 6.74-6.35 mm;

grade 4 is 6.34-5.95 mm; grade 5 is 5.94-5.56 mm; grade 6 is 5.55-4.76 mm and grade 7 is <4.76 mm.
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nsgnsisnuasuavannsal lngldmnuninwesuda  senede (1) waneteiuegeluiideddgnieaia
nzanduinaeilunisuus (Useiand 2) wuiwde  (P-value = 0.793, 0.905 wag 0.531 AMUAIA U)

ALANLARZLNTANAINNIBN (%) AYRNITIBN WAZTU (Table 3)

Table 2 Germination (%), germination index and mean germination time (day) of arabica coffee seed

from different seed weights (Type 1) at 120 days after seeding

Seed size Germination Germination index Mean germination time
(%) (day)

Large 75.26+12.95 1.49+0.18 51+6.00

Medium 68.01+6.36 1.55+0.19 48+2.00

Small 72.49+14.73 1.64+0.38 46+4.00

F-test ns ns ns

P-value 0.931 0.926 0.173

mean + standard deviation, ns = not statistically significant (p-value>0.05)

Table 3 Germination (%), germination index and mean germination time (day) of arabica coffee seed
at seeding categorized according to the ministry of agriculture and cooperatives grades using

seed width as a criterion (Type 2) at 120 days after seeding

Grade Germination Germination index Mean germination time
(%) (day)
1 77.23+£18.86 1.67+0.41 49+4
2 68.28+12.74 1.52+0.38 48+6
3 65.16+5.38 1.39+0.18 50+4
4 71.67+8.5 1.62+0.19 46+2
5 68.77+11.63 1.51+0.27 48+1
6 73.02+19.97 1.54+0.56 50+8
F-test ns ns ns
P-value 0.793 0.905 0.531

mean = standard deviation, ns = not statistically significant (p-value>0.05)
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mswidulnvasdiundnunesdinfifaanwdenug
NAVUIALANFAINY
1nn1sUTzIdunIsas yiaulauesdunan

s ) e

nune1513M MAnanmdaiugiduminuaives

uAnANRY (Uszuandl 1) flongndn 255 Sundaniy
wén daduszozdundniimunzandmsudedgn
N3991MUIY AUALULUIVDINTUALATUNITNYAT
WuIFuNdTiAnanwEaruinnalsuazau g
vieuwinwadaus 1.43-2.20 n¥u uazmdnua
1NN 221 ndu fnnsazanminuisdusinnin
Fund1fAnwdavuindn wietminnatesnin
1.43 ndu uonanddamudn dundriinainude

yunnaedansasaudmtnwisduvadluiniige

YUz AnwnizANg iy ldurugudnatanesIn
Sy mnuemsn wastmtnuienvesdunds
fiinanudaiusidiwinmawosTuandetuii 3
guntuiinuuansnaiuegidlifitod fynieadn
(P-value = 0.72, 0.61, 0.451, 0.454, gz 0.51 ANUEGIV)
(Table 4) uazannsUseliun1saTeyRulnve U
nunle1919i MAnanwdaiuiiulwuinude
AULNTAVDINTEN TN YA TLazannTal Tneldaau
navsnudanzandunasilunisuis Wssand 2)
nuadauuansiueg 9Nl ded1 Ay n1ead @
Tunndnwaie (P-value = 0.243, 0.369, 0.797, 0.769,
0.54, 0.334 uag 0.36 Aua9U) (Table 5)

Table 4 Shoot length, root collar diameter, number of leaf, root length, shoot dry weight,

root dry weight, and leaf dry weight of arabica coffee seedling with different

seed weights (Type 1) at 255 days after seeding

Characteristics Seed size F-test P-value
Large Medium Small
Shoot length (cm) 50.44+5.31 50.7+1.92 48.21+4.15 ns 0.72
Root collar diameter (mm) 5.55+0.31 5.42+0.48 5.21+0.71 ns 0.61
Number of Leaf (no.) 20 19 20 ns 0.45
Root length (cm) 29.08+3.17 29.68+2.25 28.00+£2.33 ns 0.45
Shoot dry weight (g) 5.90+1.04a 5.98+0.61a 4.69+0.60b *x 0.009
Root dry weight (g) 6.76+1.81 7.17+1.34 5.67+1.12 ns 0.51
Leaf dry weight (g) 9.99+2.60b 13.17+1.80a 11.74+1.73ab * 0.049

meanzstandard deviation, ** = statistically significant (p-value>0.01)



Table 5 Shoot length, root collar diameter, number of leaf, root length, shoot dry weight, root dry weight and leaf dry weight

of arabica coffee seedling at seeding categorized according to the ministry of agriculture and cooperatives grades using seed

width as a criterion (Type 2) at 255 days after seeding

Characteristics Grade F-test P-value
1 2 3 4 5 6
Shoot length (cm) 49.64+4.69 51.44+4.53 52.73+4.48 50.03+3.47 49.64+5.13 51.44+3.61 ns 0.24
Root collar diameter (mm) 4.98+0.6 5.75+£0.56 5.5+0.54 5.37+0.64 4.98+0.77 5.75+0.75 ns 0.37
Number of Leaf (no.) 19 20 20 19 19 20 ns 0.80
Root length (cm) 29.39+3.77 30.57+5.06 28.31+2.74 29.29+3.61 29.39+2.98 30.57+£3.87 ns 0.77
Shoot dry weight (g) 5.18+1.72 6.24+1.39 6.29+1.51 5.63+0.63 5.18+1.73 6.24+0.88 ns 0.54
Root dry weight (¢) 5.29+2.65 7.92+2.12 7.34+3.23 6.92+1.20 5.29+1.89 7.92+1.28 ns 0.33
Leaf dry weight (g) 10.16+3.42 13.04+3.28 13.51+3.32 13.33+2.00 10.16+2.30 13.04+2.70 ns 0.36

meanzstandard deviation, ns = not statistically significant (p-value>0.05)
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Iron and Zinc Biofortification of Hydroponic Lettuce

e Aegut? Faasn waiy™? wazgaang uiaulu'?

Hutthaya Khongsuk?, Ashara Pengnoo™?” and Chutharmard Kaewmano?

LUIUIRNTINNTNEATUAZNITIANTT AMENTHEINTSITUTIR NNNINBISUEITAIUATUNS @381 90110
2gudifemuaudngitlaediuniduniand neld wninedeawaiuaiuns awa 90110
!Agricultural Innovation and Management Division, Faculty of Natural Resources,
Prince of Songkla University, Hat Yai Campus, Songkhla, Thailand 90110
’Natural Biological Control Research Center, Prince of Songkla University, Hat Yai Campus, Songkhla, Thailand 90110

*Corresponding author: ashara.p@psu.ac.th

Received: August 02, 2021
Abstract Revised: October 18, 2021
Accepted: January 28, 2022

Nowadays, an inadequate daily intake of iron and zinc is a widespread problem. This led to
the study of the effect of biofortification by iron or zinc on growth and nutrients content in
hydroponic lettuce. The experiment design was Factorial in Randomized Complete Block Design with
green cos, frillice iceberg, green oak, red oak and butterhead and nutrient solution (control formula,
Fe addition formula and Zn addition formula). The result showed that Fe or Zn fortified lettuce grow
normally without nutrient toxicity or deficiency. Green cos, frillice iceberg and red oak cultivated in Fe
addition formula showed no significant differences in growth when compared with the control
formula. It also increased Fe content 1.3-2.3 times, with frillice iceberg obtain the highest Fe content
(471.93 mg/kg dry weight). The content of P, Ca, Mg, and Mn tended to increase but Zn and Cu
content tended to decrease. When adding Zn addition formula, red oak’s whole fresh weights
increased 58%. Zn content in lettuce increased 4.2-18.9 times, especially in butterhead and red oak
(376.67 and 365.80 mg/kg dry weight, respectively). The addition Zn increased Ca content but P, K, Fe,
Mn, and Cu content tended to decrease, except for red oak which Fe content increase 1.1 times. The
maximum Fe and Zn content in edible part fresh weight of frillice iceberg and butterhead were 3.02
and 2.64 me/kg which did not exceed the daily intake of iron and zinc standard. It could be upgraded

to a functional vegetable in the future.

Keywords: iron, zinc, biofortification, lettuce, hydroponic
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dvdnaronsasgyAulauingan (Table 1) Lans
ThiiuiinIuneaiiniswsgiulnguindnuse
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Table 1 Comparison of lettuces varieties on lettuces growth

Species Whole fresh Edible part Edible part Dry weight
weight (g) weight (g) dry weight (g) percentage (%)
Green cos 223.6%9a 158.02a 10.26a 6.87
Fillice iceberg 160.48ab 127.85ab 6.92b 5.54
Green oak 140.46b 110.68bc 6.72b 6.01
Red oak 97.69%b 72.67c 4.12c 5.59
Butterhead 146.47ab 112.47bc 5.51bc 4.85
LSD 0.05 73.98 43.05 2.46 -
F-test * * * ns
C.V. (%) 26.45 21.19 11.18 2294

ns=not significant; *significant at 0.05 probability levels, respectively

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

Table 2 Effect of lettuces varieties and fertilizer formula on lettuces growth

Species Formula Whole fresh Edible part Edible part Dry weight
weight (g) weight (g  dry weight (g) percentage (%)

Green cos Control 264.70a 177.46ab 9.28b 5.23c-g
Fe addition 270.38a 180.58a 10.28ab 5.69b-f
Zn addition 135.98c-e 116.02d-¢g 11.24ab 9.6%a

Frillice iceberg Control 183.80b 150.82bc 7.12c 4.72fg
Fe addition 153.64b-d 127.29c-e 6.40cd 5.03e-¢
Zn addition 143.99c-e 105.44e-¢ 7.24c 6.87b-f

Green oak Control 167.65bc 138.25cd 9.12b 6.60bc
Fe addition 124.52de 99.54e-¢g 5.27de 5.29c-¢g
Zn addition 129.23de 94.25f-h 5.79c-e 6.14b-e
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Table 2 (Continued)

Species Formula Whole fresh  Edible part Edible part Dry weight
weight (g) weight (g  dry weight (g) percentage (%)
Red oak Control 80.94 f 64.07 i 321f 5.01 e-g
Fe addition 83.69 f 66.45 hi 361f 5.43 c-¢
Zn addition 128.44 de 87.48 g¢-i 553 ce 6.32 b-d
Butterhead Control 155.91 b-d 118.00 d-g 535 de 453 ¢
Fe addition 114.87 ef 95.82 f-h 4.16 ef 4.34 g
Zn addition 168.63 bc 123.59 cf 7.02 cd 5.68 c-f
LSD 0.05 32.56 27.48 1.56 1.03
F-test * * * *
C.V. (%) 14.87 17.28 9.06 12.56

ns=not significant; *significant at 0.05 probability levels, respectively

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

YSurus1namnstuiingdn: 970 Table 3
wansliiusualinluninsinvesansarsavales
913 NIdvENadoUINAsneWMIHAN 51799193
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Table 3 Comparison of fertilizer formula on lettuces nutrient contents

Formula Total (dry weight)
N P K Ca Mg Fe Zn Mn Cu
(g/kg)  (g/kg)  (g/kg)  (g/kg)  (g/kg)  (mgrkg)  (mgrkg)  (mgrkg)  (mg/kg)
Control 37.3dab  3.62b  48.4a 9590 2.16b 206.10b 39.05b  32.62b  491a

Fe addition 40.17a 42la 5839 10.72a 237a 373.76a 34.10b 50.58a  4.38a
Zn addition 31.35b 291c  4632b 11.66a 2.17b 152.23c 281.11a 16.76c  2.65b

LSD 0.05 3.42 0.43 10.00  1.02 0.19 35.09 37.72 1.72 1.12

C.V. (%) 14.88 18.79 30.95 15.10 13.72 22.71 30.44 36.58  24.59

ns=not significant; *significant at 0.05 probability levels, respectively

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

Table 4 Effect of lettuces varieties and fertilizer formula on macronutrient contents

Species Formula Total (dry weight)
N P K Ca Mg
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
Green cos Control 36.36b-d 3.83a-c 46.23c 10.68bc 2.16c-e
Fe addition 37.07a-d 4.27ab 48.26¢ 8.78cd 1.90ef
Zn addition 29.5%f 2.85cd 40.36¢ 13.73a 2.42a-c
Frillice iceberg Control 27.06f 2.89cd 61.18a-c 10.18bc 2.39a-c
Fe addition 38.58a-d 3.60a-d 72.27ab 11.45b 2.68a
Zn addition 27.40f 2.75d 38.84c 11.05b 2.14c-e
Green oak Control 38.19a-d 3.37b-d 48.17c 10.39bc 2.18c-e
Fe addition 40.95ab 4.39ab 42.21c 11.02b 2.19c-e
Zn addition 33.24d-f 3.49b-d 49.86¢ 11.70b 2.01d-f
Red oak Control 41.36ab 3.89a-c 40.72c 8.82cd 2.33ad
Fe addition 40.66a-c 4.18ab 49.36¢ 10.59bc 2.49a-c
Zn addition 32.40d-f 2.83cd 52.86bc 11.18b 2.32b-d
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Table 4 (Continued)

Species Formula Total (dry weight)
N P K Ca Mg
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
Butterhead Control 43.74a 4.11ab 45.73c 7.86d 1.76f
Fe addition 43.59a 4.60a 79.86a 11.77b 2.57ab
Zn addition 34.12c-e 2.65d 49.67c 10.64bc 1.98d-f
LSD 0.05 5.82 0.92 20.15 1.78 0.31
F-test * * * * *
C.V. (%) 11.26 18.11 27.73 11.75 9.80

ns=not significant; *significant at 0.05 probability levels, respectively

Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test.
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wazUnnesian SANviiu 3.02 uay 2.64 un./nn.
hwifnan auddu SelsAuesasg eI
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1UA./TU MIUEI1RAU (Institute of Medicine (U.S.) Panel
on Micronutrients, 2001) sﬁagaﬁ]’mmﬁﬂwm%ﬂﬁ
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Table 5 Effect of lettuces species and fertilizer formula on micronutrient contents

Species Formula Total (dry weight)
Fe Zn Mn Cu
(mg/ke) (mg/kg) (mg/kg) (mg/kg)
Green cos Control 252.45e 52.24e 47.74bc 5.74a-c
Fe addition 337.08cd 49.21e 67.82a 4.75b-d
Zn addition 110.57¢ 218.24c 14.68¢ 2.39ef
Frillice iceberg Control 250.01e 43.76e 32.67de 4.86b-d
Fe addition 471.93a 38.5% 57.41ab 3.84c-e
Zn addition 119.69¢ 182.01d 19.27fg 1.62f
Green oak Control 204.08f 51.59% 19.71fg 7.12a
Fe addition 380.30b 21.74e 30.06d-f 6.08ab
Zn addition 124.94¢ 262.81b 13.21¢ 4.84b-d
Red oak Control 193.34f 49.38e 39.44cd 5.01b-d
Fe addition 376.93bc 28.48e 46.19bc 4.70b-d
Zn addition 216.50ef 365.80a 19.34fg 3.10d-f

20



Journal of Agri. Research & Extension 40(2): 12-23

Table 5 (Continued)
Species Formula Total (dry weight)
Fe Zn Mn Cu
(mg/kg) (mg/kg) (mg/ke) (mg/kg)
Butterhead Control 130.63g 48.2%e 23.57e-g 1.82f
Fe addition 302.58 d 32.49% 51.4dbc 2.54ef
Zn addition 189.46 f 376.67a 17.30f¢ 1.30f
LSD 0.05 40.99 30.27 11.87 1.68
F-test * * * *
C.V. (%) 11.79 18.00 25.00 29.58

ns=not significant; *significant at 0.05 probability levels, respectively

Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test.
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Roles of Plant Growth Promoting Bacteria on Plant Growth under Drought Stress
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Drought is important agricultural problem because this affected on several plant growth and
decreased crop yield. There are several abnormal functions of plant under drought condition, such as
respiration, photosynthesis, and oxidation stress. Also, there are several plant adaptations for survival
under drought condition, such as transpiration control, osmotic pressure adjusting, the accumulation of
osmotic protectant, free radical resistance, and plant growth regulator use. Moreover, plant growth
promoting bacteria could increase plant growth under drought condition. In this article, the plant growth
and plant adaptation under drought condition and use of plant growth promoting bacteria to alleviated
plant stress from drought were described in detail. The mechanisms that these bacteria use were ACC
deaminase production, indole-3-acetic acid (IAA) production, osmoregulation, exopolysaccharide

production and increase nutrient uptake under stress condition.
Keywords: drought stress, economic crops, plant growth promoting bacteria
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Lidi5adsiuansdnanwlunisnsziunsiaseiule
vsiies (Delshadi et al, 2017) luumaruiiazlfosune
fednwazvosiindlougnluaniozuds msuiudves
fivfiogluanizuds uaznsldqaunidngudaady
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anTzuadluig

SnwazvasiaiiaTgivan1iziaienainady
WIASLAT
foisgluannzuiudsdanuiaung
waeUsznas laun n1ssen n1seigiAvle way
Hanan (Hussian et al., 2018) TneTlUuauuiauds
MM daunaseninedgnIInN1sn3emsuau (Carbon
fixation) wagn1suglaas (Photorespiration) Wil
msmelasaninanianssueenddadadunisly
geananssuveaulysl RuBP carboxylase/oxygenase
v3o3laln lnefifnwoondiaunazasusulneonled
Humsheduiiuguisiuvesievlesistaln uandy
AIAIUANENAATENI19IN1TNI8TINAILAL NS
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Aetudlediafueulnoenladamnududusm Orgen,

1984) 112991 UANNILLIAILAY NYILANDMNTINIT

25



5ANSIVYLALANFSUIVINTINYAT 40(2): 24-36

methdensdatnluilvanivoulaeenledidg
Tuiiglaanas luanzudsegregunseiliianssy
A3uBndiaa (Carboxylase activity) vasouledgdaln
(Rubisco) qﬂa”wgq WaztNANANIIUDONT T Lud
(Oxygenase activity) 411N31 FafunszuIunInge
ANSUDUYBINVIIanasnIe (Ojuederie et al., 2019)
anmzuddmaligadifien Usinasvesvadianas
serUsvneumelumadiadlnnuniia annsguiivi
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Tuanmzuiudwinlignsnisdinszimelasanas
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ATP Lo eae 91 9l il ound sy uaniazust suds
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U581 (Reactive oxygen species: ROS) U841
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2016)
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and Tari, 2016) ANULATEAANENIELAIUTE Y
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(Reproductive stage) AULKILAIAINALADADNS
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iy Pafiunsgadini fivuiseiinerauiuin
msdagruinelasanuuinvediuas nsdvluiiie
Prangangivedly ann1sme uazdrifiuns
asoukas [Wudu (Farooq et al., 2009; Fathi and
Tari, 2016)

N15USUAIMIeETIINE1 VN Y Liwn N3
Uueeealudn nsazauarstesiuuseiusealudn
n1sdszuviueUYadase Lagn1sldansaIununis
WS aiulavesiie Wudy nsdrwissdudinelu
waduaniileifelasnisusuaiosalufnastieiy
annuzrosihmeluiode nsazauoedlunamnunue
(Osmoprotectant) iy Ingau (Citruline) AR
(Glutamate) 81539 U (Arginine) Twsd u (Proline)
Ind e u (Polyamine) 1ad 1 (Choline) wazlnadu
LWR191 (Glycinebetaine; NN, N-trimetyl glycine) 1 21t
Adndeadlufinvessadiings Saazfagmininguad
WazYIusNEIALIIR WAL (Turgor maintenance)
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wigdulnvesfiniugnluaninzieionainaauds
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enleneduanaislsd Ae Yreundesgadain

ANz liimunzal TnenssneangsnInves

29



5ANSIVYLALANFSUIVINTINYAT 40(2): 24-36

Hoviuead dauueiieinuantuidonsyeglussey
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wanzauly Wosandivannisssmereti waziiia
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N13NITEAUNYMITAITALANE IAA 1INTFIU LU AN
8717590 AUEMIRIVLA Lazimnanvesd Ty
7 lesu Streptomyces thermocarboxydus S3 R
HuwuaiiSefings 1AA 18 duduuiiensudaden
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et al, 2019)
wuATiSunaudLasunIsas ey ulnue iy
PrgiinANIMUNIUIINan Iz IdlaelUAsuLlag
NaNssuvesasiueuyadasy (Vurukonda et al,
2016) wazdsvrermuyiunusaingluluiviianas
\osanannzudsle 1wy Anvluluves Avena
sativa Mslduuaisengudaasunisasyiulnves
W4 Azotobacter vinelandii § s uwuadiL3 a7 &
anuansnsalunsessiwlulpsiau WaSnuseing

AlduATIEaIglas uasliuN1IAATUaITeIMs
989 Avena sativa ¢ (Delshadi et al., 2017)
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Table 1 Plant growth promoting bacteria that have been reported to enhance plant growth

under drought condition.

Microbe Plant species Positive effect to plant Citation
Micrococcus yunnanensis Camelina Increase oil quality of camelina seeds Borzoo et al.
(Camelina sativa) (2021)
Azospirillum brasilense Cecropia Increase drought tolerance of plant and increase  Tiepo et al.
and Bacillus sp. pachystachya and specific leaf area and leaf-area ratio (2020)
Cariniana estrellensis
Pseudomonas fluorescens Wheat Increase root and shoot biomass, plant height Chandra et al.
strain DPB15 and P. palleroniana (Triticum aestivum) and nutrient content in leaves (2018)
strain DPB16
Azospirillum brasilense NO40 Wheat Increase leaf area, chlorophyll content in leaves, Kasim et al.
and Stenotrophomonas relative water content of roots, shoots and (2021)
maltophilia B11 leaves and reduce electrolyte leakage,
malondialdehyde and hydrogen peroxide
accumulation
Bacillus sp. MN-54, Corn (Zea may) Increase biomass accumulation, photosynthetic Saleem et al.
Enterobacter sp. FD-17, activity and water constancy in leaf (2021)
and Pseudomonas
fluorescens 1
Streptomyces Mungbean Increase fresh weight, root length and total Lasudee et al.
thermocarboxydus S3 (Vigna radiata) and rice length of mungbean and rice (2018)
(Oryza sativa)
Azotobacter chroococcum 67B  Tomato (Lycopersicon Increase tomato growth under stress condition Viscardi et al
and Azotobacter chroococcum  esculentum) (2016)
T6A
Pseudomonas fluorescens DR7  Setaria italic Stimulate seed germination and growth of Niu et al.
Setaria italic under drought condition; (2018)
These bacteria colonized plant root and
increase soil moisture well.
Bacillus pumilus Glycyrrhiza uralensis Increase plant biomass and decrease lipid Xie et al.
peroxidation in plant (2019)
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A29819UBkUATIIEALE3UNITIR3 YLAUTAVDINY
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wueiSeiiduaiunsasyiulnvesiisusay
aeWugarlinuandAnduasunsogdulavesiy
lanansanue Laganusoaasunisasgiiulaves
Wuluaniizuadls dregvvesuuaiiiuduaiung
WwigAulavesfiy fidssudnaiunsadwasy
nsisgivlavesiialuanizudsasuliluy Table 1
LU WUAN L5 8 Azotobacter chroococcum 678
wag Azotobacter chroococcum 76A HAMNEINITA
Tuntsaisudalulngiau wdn IAA loinelsves
waztouley] ACC deaminase wonaniidmundouas
maduldl e lUlduiumsUgnuzidemaaansa
annansENuiiLinainaniizinienaindadenig
A INA auzLlownale (Viscardi et al, 2016)
wuafiSenguanasunsasydvlavesiian 4 via
firauenldannusnasinvesdud e
(Setaria italic L) Fadufiamuds WWun Pseudomonas
fluorescens DR7, Pseudomonas fluorescens DR11,
Pseudomonas migulae DR35 Wa¢ Enterobacter
hormaechei DR16 @ sndmoulusl ACC deaminase
NULAIazHARLoNlINOALINATTLIA LA LUATILSE
ﬁﬁ%ﬁﬂmmﬁﬂﬂizﬁumwaﬂLLazmiLﬁ]%igLaUIWUEN
Frairamamnd ngluaniizuds lnsuuaiise
Pseudomonas fluorescens DR7 waatoulesl ACC
deaminase waglonlanaduunalsfldfiian saus
FuthnseuasessnitvidnegiuAuuazannsouiy
AuTulETURUleR (Niu et al, 2018)
dan1azuasdsnaliilia Oxidative damage
annsasiaule wazganUSunauuunuelavinfsnd
Tufvduduanmaiilinnasyivlavesiivanas
wazanusaannmziinasluieldsenisiurite
WUATILT 8 19U BeLeud U (Glygyrhiza uralensis Fisch.)
fldsutudouuaiise Bacillus pumilus Faugnlu

ANV TINIAVDIN VN UV US oAy 34.9

Yr8anTEAUNITINAANALNDTONT AT U (Lipid
peroxidation) iaw3suifisuiuiiafildlesutade
WUATiSe (Xie et al., 2019) NMsARWITNUINANIE
LASAIHAAAAINEIITIN AINNYIIAIAY TIUIUVDI
U (Lateral root) wagni i nuisvasivald nsld
wade Bacillus pumilus YIENTEHUNITATYLAULA
waviindaunavesiinluannisudald msfiusiuiu
FINUVUY UAZANEIVOITINVE T TANINUNIURD
anzudldidumnznaduldfty venand
WU ﬁﬁzj‘ﬁ'ﬂqﬂluamazLLa”qLLazlﬁ%’UﬁaLs?’faLLUﬂﬁﬁa
dn1vdazan 0,, H,0, anas wazUiuruved
Malondialdehyde Fadusaiiveanisindiinumesen
Fatuanainig AaIluaisedIetnllinansu
Frusyyadaszvefinisruuiilduarldldioulsd
Wingadu (Xie et al, 2019) nslé%ude Bacillus
pumilus Frewfind3unamatiauess Usinamneduen
Alse Usunamnindu (Saponin) waznsa Glycyrrhizic
Tufiadae aadnsiiuszsuunuelaviniegd
vosiiinszdulnenisifuideuvaiiseviluie
Funusisayiusves ROS lase (Xie et al. 2019)

nsuddanugdnnaidlugaduviuasy
WUAN L3 e Bacillus amyloliquefaciens 5113 uag
Azospirillum brasilense NO40 181w 19818 nu
auAIenananzadldinIudadiananllle
SUAALUIUARIUUATISUNDULNIY dN1IZULAIEINS
senssendinvesiundiifiony 12 fuduegeunn
wdanlidundrviatiu 7 Ju dundililesu
wdeuuafiionazmzluanzudasivhminan
wariminuisanas osanndsinaniluiivanas
luan11EATenIINAUUT LS SN BT NHE R B YRS
Y99 ROS Tagasranuioulesififiunumyinaeeyius
299 ROS 19U UOEADSIUANDTONTLAE (Ascorbate
peroxidase) wusnnluluresdundrdanaaludu
& idaus nioluldud g ariudluwad

WUIURBELUATIHSEABWNNE (Kasim et al., 2013)
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a

wuafiseiasseulel ACC deaminase IAA
waznsngaledan deasunisiesyiAvlnvesialu
anzudalan saeg1aau Bacillus licheniformis
K11 WWunuafiSefindmeulsyl ACC deaminase uaz
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winlneilllfiudoszmetomandnwdaiu
anzudaduie 15 Yu fvilegluaninzudaus
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and Kim, 2013) uana1niu wuaFongudaaia
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Enterobacter sp. (16i) ﬁLﬁ@Jaﬂdlﬂﬁaﬁ\l 95 dalau
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Bacillus sp. (12D6) (Jochum et al., 2019)
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In the present work, total phenolic, flavonoid and anthocyanin contents in seedling of 4 black

glutinous rice varieties including Kum Phukieo, Kum Doi Saket, Kum Yai and Leumpua were evaluated.

The experiment was carried out based on Completely Randomized Design (CRD) with three replications and

the black slutinous rice seedling were harvested at 10 days after planting. The results showed that the black

glutinous rice varieties had a statistically significant effect on the active compounds. Seedling of Kum

Doi Saket and Kum Yai provided the highest of total phenolic contents at concentrations of 5.65+0.13

and 5.64+0.10 mg GAE/¢ dry weight, respectively. Though, seedling of Kum Doi Saket gave the highest

of flavonoid contents at the concentration of 2.17+0.03 mg QE/g dry weight. However, Seedling of Kum

Yai gave the highest of anthocyanin contents at the concentration of 14.70+0.35 mg/100 ¢ fresh weight.

Keywords: seedling, black glutinous rice, total phenolic, flavonoid, anthocyanin
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Figure 1 Seeds of 4 black slutinous rice varieties
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AR. grade) 2 wa. LagLAnansazane Folin-Ciocalteu’s
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phenol reagent 0.1 wa. nawliidiu fefiel3ludisin
pamnfivies ilunan 30 wiit 9nduihluiadins
AAnAuLasinLENIAdL 750 Wlumns felnTes
aalasvlndieos (Genesys10S, Thermo Scientific,
USA) IngiUSeuiiieuiunsinunsgiuvesansagany
unsgrunsannadniutrsanududunse Jaeglu
Y9ANUDUTY 80-200 UN./ART AUIMIUTU

ansUszneuTiueaniuuaiild 9nnns e mduTuS
W EUATITENINUAY X AB AULTUTUVDIENT
UINIFIUNTAWNGAN (UN./BAT) hazknu Y A A1
AANSULAIVRIANTUINTTIUMABEAUTUTY (Y =
0.0021X - 0.0003, R? = 0.9989) fiat1eatues 1891U
navsunaasUszneuiiuednstanuaduiadndy
auadvaInIALNaindanSuAIDE U

Kum Doi Saket

Kum Yai

Leumpua

Figure 2 Seedling of 4 black glutinous rice varieties at 10 harvesting days
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AR. grade) U311a1s 10 wa. Aainsld 5wt wandldi
n15 Sonicate 10 w19l A aii 9138 n 5 uit ot ol
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USUUsunnsvuIn 25 1a. endn 2 ase udaufu
USUm5A78 99.9% Leniuea (RCI Labscan, AR. grade)
JUATU 25 wa. ¥hansanaiilaun 0.5 ua. ldvasn
NAAIYUIN 10 Ua. LAN 99.9% Lanuea 1.5 ua.
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1J1nau 2.9 va. waulidniu vansazaneile linen
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ay 1.00 NSU uaRleg1emelnssunlraziden laadu
waeanaaefidnila au1n 50 wa. d1eiegeTivie
Aslulnssuasgasazane Ethanolic HCL (k3euan
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afafildunseseIninesnalenssaIenIeaUes 1
wazihansavanefinsesldunuiulSinasieasazany
Ethanolic HCL quAsy 50 wa. tluinAn1sganduuas
firmeniedu 535 wiluas feia3osg-id10a
awalasliladines (Genesys10S, Thermo Scientific,
USA) muamnuUsinaueulnleeiiu Tuviie adnsu
0 100 nfiniwiinan Mngnarielud

anauernleeniiu (un./100 nfuwidnas)
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HATIAYANGULES /100 nsuiwitinen
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W
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V= U3umsfiusu 50 wa.
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nMsnTvidaya
thifeyaiildannsmeaedluiinsgimeaia
Wisuiisuaad elae3s Duncan’s New Multiple
Range Test (DMRT) fiszsiumnnandasiu 95% (p<0.05)
selusunsudniagy SPSS 17.0

NaN15I8

21NA15ANYILN 8sUS 8 UL 8UUS Uad
ansUsEneUR Ued Niavium Wanluees wasweunluenilu

4

lusugoutwmiledn 91U 4 aewug loun Wus

]

s = v &0 & v ¢ | U cA o
mQL‘?JtI’J ‘W‘Llﬁqﬂ']ﬁaaagl,ﬂﬂ Wuﬁqﬂ'ﬂﬁi‘g LS NWUTAUNT

)

Aflonguan 10 Tu nan193deuanslanadl

UFuruansusznoviluadny anualuduseu
Frwmileann

NNIA NwIUTUIMaIsUSENRUN WBdN
savlusugout milead 4 meus wuindiusina
msﬂizﬂau?\luaﬁﬂﬁu’wmumﬁwﬁ’uaﬂwqﬁﬁfaéﬁgg
n19ad @ laewus nnesazid auayius nlug
fusinaansUsznaufiuedniamungaiian Sy
5.65+0.13 4y 5.64+0.10 UN. ANYASVINTAUNAGTN
sonsusoeauis sesacn Ao Wusduih uaziugin
qfen fusuuasUsznevfluednitavun windu
4.46:0.09 Uay 3.78+0.20 Un. AU AL VBINIAUNAGN

AONTUAIDLLTT PUAPU (Table 1)
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Table 1 Total phenolic content in seedling of 4 black glutinous rice varieties

Seedling variety Total phenolic content

(mg GAE/g dry weight) (n=3)

Kum Phukieo 3.78+0.20c
Kum Doi Saket 5.65+0.13a
Kum Yai 5.64+0.10a
Leumpua 4.46+0.09b

Values are means of three replications + standard error.

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

faa U o (% 1

Uanaumanluesaludugaudramiisann auyAdvaNARTIAUADNTUAIDE 19U T09A%HN AB
SovhmsfnwulBsuifievtiinamathuesd  siugnnlug) wWugauda wasiugningidor Taeusunm

ludugaudrmieinindiuig 4 aewug nuiduseu Nenlueenwinfiu 1.98+0.07, 1.64+00 uae 1.46+0.07 1.

grwlligafmnanenug dusuamaliuesaunnd1e  auyagvenosTAuR onTUAIRL 1T AINEIRY

AuetslitodAyedia (0<0.05) I@ﬁﬁuﬁﬁ;wmaaamﬁm (Table 2)

fusuamaliusedgeiignog# 2.17+0.03 un.

Table 2 Flavonoid content in seedling of 4 black glutinous rice varieties

Seedling variety Flavonoid content

(mg QE/g dry weight) (n=3)

Kum Phukieo 1.46+0.07d
Kum Doi Saket 2.17+0.03a
Kum VYai 1.98+0.07b
Leumpua 1.64+0.08c

Values are means of three replications + standard error.

Values in the same column with the different letters are significantly different at P<0.05.
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USunaeulnlweniiulududaudinmuileani
nNsAnwUSUaeulnletulususau

Ty 4 anefug tawn Wusn19des Wugn
negaziin Wugn1lug wasiugduds nulnduseu

a

4 = o :JI Y & a a
Yrundenna 4 @renus Jusuaneulnleeniu

)

waindiuee el dedAtyyneedif (p<0.05) Ineugrinlviey

fusunaueulnlyeiiugeian agil 14.70£0.35 un./

s

100 n¥umtingn sesawn fie Wugnnewasiin Wug
MW waziugaud Jusunauweulnleeniuwitiu
13.41£0.22, 5.43+0.33 g 5.37+0.10 14n./100 N3

YIUNER MUAIRU fAauandle Table 3

Table 3 Anthocyanin content in seedling 4 black slutinous rice varieties

Seedling variety

Anthocyanin content

(mg/ 100 g fresh weight) (n=3)

Kum Phukieo
Kum Doi Saket
Kum Yai

Leumpua

5.43+0.33c
13.41+0.22b
14.70+0.35a
5.37+0.10c

Values are means of three replications + standard error.

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

32150iNaN1538

NNIA NwIUTuuaIsUsEN U Uedn
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A1SANIANURAINRA18N1TININVRINZAT (Bridelia ovata Decne.)
AUANYMEN AU IUINGUaLLATR MUY LULENA ISSR
Evaluating Biodiversity of Bridelia ovata by Using Morphological Characteristic

and ISSR Marker
duriggdl Wysinsen!” U3vah Avgha' yaun3nn dumn! waziieg Uayelfl
Nunchaya Patpeeriya'’, Parichat Dittakit!, Buntarika Nuntha! and Phichet Bunyat?

favivineasmansuarannsal uv1ine1duElisIsingsy wunys 11120
NFUINGINAATAITUNNG NTENTEATITUGY UUNYT 11000
!School of Agriculture and Cooperatives, Sukhothai Thammathirat Open University, Nonthaburi, Thailand 11120
2Department of Medical Sciences, Ministry of Public Health, Nonthaburi, Thailand 11000
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Received: March 17, 2023
Abstract Revised: April 24, 2023

Accepted: April 27, 20223
Makaa (Bridelia ovata Decne.) is classified in the Family Euphorbiaceae, Genus Bridelia varies
among more than 60 species in Africa and Asia, especially in Thailand. Makaa extract includes friedelin,
stigmasterol, B—sitosterol and campesterol. These substances have anti-inflammatory effects on human
muscle and can inhibit lung cancer cells in vitro. This study aimed to study the biodiversity and to
collect morphological data of Makaa varieties in Thailand. Morphological data and DNA samples were
collected from 101 Makaa plants from 20 provinces of Thailand. Makaa leaves were measured for width,
length, width to length ratio, and the number of veins. Using 96 pairs of ISSR primer for accessing genotypic
data, only 12 markers showed polymorphism in the Makaa population. The average polymorphism
information indexes of this study were 0.31. The phylogenetic of morphological leaf data was calculated
in UPGMA and neighbor joinning model by MEGA 7.0 program. The UPGMA morphological tree could not group
a cluster from province and area. However, the phylogenetic tree using the neighbour joining method
still groups most samples from the same province and nearly region in the same clade. This result
suggested that using genotypic information had higher efficiency than morpholosgical data for studying

the biodiversity of Makaa.

Keywords: Makaa, Brideria odata Decne., ISSR technique, genetic diversity

a7



M5ANSIVYLALANFSUIVINTINYAT 40(2): 47-57

u¥n1 (Makaa, Bridelia ovata Decne.) 49
aﬁﬂmﬂﬁ g19n131 (Euphorbiaceae) 1uaqa Bridelia
Aflanumarnuanend 60 atdd Tuuauensn
uaziolde swdelsemalng Tunznmuindaisdfyy
napvilalawn Friedelin stigmasterol B-sitosterot
uaz Campesterol Aiflgndgasufdniay saudaduds
waauzisluszAuinannass Tnguszasinisnaaes
Iuﬂ%ﬂﬁﬁaﬁﬂmmqé’mgmﬁwmLLazmmé’mﬁuﬁ‘ma
Wugnssuvaauznlulszmelng vnsiiudieda
un1 101 A 910 20 Fawiatulsemalng viins
A5ITRA NBUEN I NgIUINe taun Anundig
AU DRTIAIUILTUINAINNT AL AINYY
wazdnuwudulureusnl ¥N15R5I19d0UaNYMY
maugnIsuseLeiosnglianavila ISSR v
96 Insiwes nu 12 lwswwes 7 l¥Anuuansg
Tudszansuznn ¥n1saIUAT Polymorphism
information indexes 1ad 811U 0.31 n13ass
wnunivestayan1adugiuingwielusunsy MEGA
7.0 38015 UPGMA nudnliaiunsadungudietng
muniniansedaniala ludiuveanisadiaunugd
YBIVOYAN NN UTNTTUAI8ITNNT Neighbor-joining
wuliausauuIngudieganugdaialaegig
Foru wiamnsalddanguanandminuasiundiui
Jandnlnalheala
Keywords: 3¥n1 Brideria odata Decne.
\3eavaneluianavia ISSR
ANUVAINUAIENIRUTNTTY

AN

1ugn1 (Makaa) 99 03nenAans Bridelia
ovata Decne. \iulffidosidouds luana Bridelia
Faoglurad 819m1571 (Euphorbiaceae) fiwanaill
AUNAINNAIENAUTTANUSUINNTT 60 vila
drulugnunisnszarewuglunening inne
11Afan$ i Sudle Juneuld asouaquisiiud
wndulpIussUsEmelneg (Yeboah et al., 2022)
Fafisrwsruiivluana Bridelia 1311w 10 vila
(Chayamarit and Welzen, 2005) d1usuigluana
Brideria Bufin1sinanldlusuuuuresasulnsegis
nawne wansstulunuviievesugniislassnan
Tunssnwilsafiuansneiu druvesuznifiannse
Wanlglunissnwilse lawn wWaen 510 adu lu
wazwa (Ngueyem et al., 2009) LW1HISUILNNE
wulnevanes¥ueideiu wu erdandriediigy
guAduTUIImTnGs endefindenss ereladin
gnraenunsadlnilla erduladinunln wazeuinygey
Uain (Wutthummawej, 2011) Tagluluugninuin
fa1sd1Agylungy Hexane dichloromethane wag
Methanol L% u Friedelin stigmasterol B—sitosterol
uwaz Campesterol (Thongkon, 1995) fiflgn3lunis
Judawaguzifeenlutomnass (Poofery et al,,
2020)

Tuivayulnslnevatgyidalainisfnw
Fuat A vatuainuvainvated smisdanin
a1y waziiugnssy Woldifugiudeyalunis
segannuitsuaruinnssuisiuayulnslng

Tudnuagn U1 Ina wazvd udy (Laosatit, 2010;

48



Joumnal of Agri. Research & Extension 40(2): 47-57

Khunpiban, 2010; Bua-in, 2009; Thaikert, 2009) ﬁgﬂﬁf
nsAnwAEfuANNaINaIENiUgNITLAS
anwuzneduguInervesnsnilulssinalng
fiaerudndusensfinevwazeysng lnglunismeaes
adaillfinsUssgndldiedesmnelianain ISSR
wlglunsliesgianuduiusnisiugnssulugen
iesnninieauneluianaviia ISSR iHuedosmine
AfAua1u150lunISLEALEEALLANH19T 8
dnwaziusnssuludddin s1engn S1eunnsinms
NARDY 3IUTIANLNTOATINAOUNANITNATDITLH
(Ng and Tan, 2015; Pradeep Reddy et al., 2002;
Godwin et al., 1997) ’imqﬂszmﬁﬁuaqmimaam%gﬁ
i a@ nwndnuarnadugiuinguaganuduius
naRugnssuvesuznlulsealng lagnisviins
naaasluassiazndudoyadesfudmiunssiosen
Tlduszlowd fsluduusadudewugnssuuas
nufunseyindauulnsiuivluussmesioly

4 ad
guUnInILAz NG

msiuReg LAz Ty ey g Iven
Mnstiudaeg19uznn 101 du 990 20
Jandn laun n1gauus veuuwnu Junys Foum
Fonil 9319 UATUIEN WATUTH WATIIVANT UUNYS
Unus1d UsgaruATaus Wealan iwysys
UMIEITAIY TEERY 519YT 71U aynsusinag
waranssouys lnevinsiivlugewtsua 5 niu ldlu
Fanweadmiunisaiafidue vhnseseiauaniu
Teyammniisluuazanuenlu ielddmiudnon
gnsrdiumnunisdeninuenily wagdunuduly
MmnseTaiauasivdeyanunite anuenvedly
iielddmsudmnusnsdmmiunadenueily
wazdmuduly 9nluuzniiauysallasldlui 6-9
MnUanefs Inevihnsifuaniaugandiasysal 5 Aq

Asaz 2 Tu

nsENAALOULD

i ludyndaegisay 0.02 n5u WanaRduLe
71875 Modified CTAB tiululasiauivaluazun
TWavBuanielngs diiegsiiuaudldvaenlilasfiog
YU 1.5 ua. mmful,ﬁmmiazma CTAB buffer
U3ums 1 wa. (2%(w/v) CTAB, 1.4M NaCl, 20mM
EDTA, 100 mM Tris-HCL (pH 8.0) 0.2%(Vv/V) [3-
mercaptoethanol) TagL@s 1% (v/v) PVP Nauiu
CTAB buffer fe luvumisdiansazanediiu
\@A3 RNase A (AMUNTY 10 un./ua.) Ysuins 20
lulasans thluduiigamad 65°0. 90 Uit ndsan
fural B uasdl gumndes \iu Chloroform :
Isoamyl alcohol (24:1) Usuas 700 lulasans nau
MADATUAILU 9 {']um’%mﬁqmmﬁﬁaq AR
10,000 sRUS DU U 10 W1 AAvasvadlad uu
Tanaonlund annznoudae Isopropanol Mtdudn
U5u105 600 lulasdns naunasaluuiiul 9
pnaenoudislifufuigamgd 20, tludumies
ANIIE 13,000 S0URBNT Tigaumgdl 4°. 11 10 wnii
@mﬁuaqmaﬂamuuuﬁq Wua1sazaie Wash buffer
(70% ethanol) Usu1ms 400 laulasans ndunaen
Tusiun 9 Jumd seil gamgfivies mnansa 13,000
SOURDUNY] LLazqmmawaﬁadauuuﬁq 9 ntfunn
pznoufidueliuiaiignmgiivies uarazaenznouy
Ao weneansazane TE buffer USuws 100 lulasans
yhmsatnfduedidensuszgndldgnataiidue
NucleoSpin® Genomic DNA from plant (Macherey-
Nagel, Germany) 1hansazangflduleuyn1uazans
Ty TE buffer TiHUSu1mssau 100 lulasdns Liu
Yinas PC Usuas 450 lulasans ndunasaluun
w1 geansazaneiBuierimualdlunedind thly
Juilesil 11,000 seustowd gavssmaladiuuudis
&198e PW1 wash buffer 400 lulasans duwiesd
11,000 soUsOUNT TWieSTe &1ede PW2 wash
buffer 700 lulasans Juwdeeil 11,000 sousound
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wazdnesae PW2 wash buffer 200 Talasansanads
Juwdesii 11,000 seusowit Wasuneduilldnasn
T azarunznounlaUnlines Elution buffer 30
lalasans fial3 5wt thlvdudedd 11,000 seudowi
¥eanads nsrnaeuUsnaiiduesieiasdnles
WS8aluaernlsannududu 1 1Wasidud TBE
buffer ntiuthuinn1sganduuassansilaloan
fiauenandu 260 wag 280 WA (A260/A280)

) a vl o
LLagLﬂUiﬂUqﬂLQULa‘lqmqmﬁﬂﬂJ -20°%.

Y

4

MIRNUERB R8T RGNS
Mafindsinafiuedieisidensluedog
Wi uUSu i LE ue (ProFlex™ Thermal Cycler,
Applied Biosystems, USA) Taglalouleal Quick Tag™
HS DyeMix (TOYOBO, Japan) U161 L6 WLo# UhUU
WA uUS RS uledaelnsiues Inter Simple
Sequence Repeat (ISSR) 91131 96 Alnsiues (UBC
801-896) Imeietas PCR reaction mix (11 8.2 lalasans
2x Quick TagTM HS DyeMix 10 lulasdns Insiwes
ISSR 0.8 lulAsans waz DNA template 1 Tulasans)
Tunaeafigorsaunn 200 lulasans hitderdndausn
Tael#Tusunsudi 1 Pre-denaturing 7 A1us o 94%.
WU 5 Wi $auau 1 59U TWswnsudl 2 Denaturing
71 9tas. 1 30 317 Wwnsudi 3 Annealing 71 26-70°%.
w45 3 @uegiu Tm vaslnsied) Tsunsui
4 Extension i 72°%. w1 1wt Galusunsudi 2-6
U 34 FOU I‘tJiLLﬂS@Jﬁ 5 Final extension ‘17{ 72°%%.
UL 5 U 91U3U 1 59U UIu1ns19daulaeis
Buaninsln3®a vwaaernilsa 1.5% lu TBE buffer
WisufigurunuesAdweiu 100 bp + 1.5 Kb DNA
ladder marker (SibEnzyme®, USA)
Tuvlnswesiliansodiuunaiidue
Tneldlusunsuundld dn1susvgndnisyiniidens
Tnel#TUsunsu Step up AUsunsud 1 Pre-denaturing
7 94, uru 4 Wit S1uau 1 seu TUSWATUA 2

Denaturing # 94°%. 11 1 w19t TUsunsuv 3
Annealing 71 45%%. wiu 1 w17 wazlusunsuii 4
Extension i 72°%. w1y 75 3u1f 99w 10 50U
TWsunsudt 5 Denaturing 7 94°%. wau 1wl
TWsun3udi 6 Annealing  51°9. uu 1 w17 TusuAsy
7i 7 Extension 7 72°%. W 75 3wt S1uau 30 Seu
wazlUsunsudi 8 Final extension 71 72%. unu 7 w1 #l)
du1ns19aeulneisdianinsinidavuiaasynilsa
1.5% Tu TBE buffer 1Sauifisuvuinvesdiduioiu
100 bp + 1.5 Kb DNA ladder marker (SibEnzyme®,
USA)

153 LATITUANUTUNUS LAZAIURAINNANY
NIRUFNTY
ﬂWiﬁ’mammwwmﬂwmamqﬂ’uqmimL%f:u
nnslédeyadadavennieanuieluiana ISSR
FLANIANULANAI95EMI1NUTETINTUEN LAZAIIY
g12lu AuNSlU AERTIEIUSERINIANNN LAY
AMUE1I9LU wardrwruduluvesuynl vinns
MAUANIIITLRN0S laun I1uudada (NA) [The
number of alleles] A1A15LAALENINBLSlaia
Tuusza1ns (HO) [Observed heterozygosity] A3l
wannateveId uns odadari nu [He; Expected
heterozygosity, Gene diversity] A1 Polymorphism
information content (PIC) ¥841A3 panuneluLana

wrazAIaIrngAuIlagly
n n-1
P16=1—Zfi2 = Z 2fi%f)?
n i=1
=0

1o n = Na
fi = AMNDVOIUIUTAAE |

f = avwdvesiiunudada j vedadai 1
N15AI1LIUAT Population structure 994
Uszwnsusnivenue 101 du Tneldlusunsa
STRUCTURE 2.3.4 (Pritchard et al., 2000) "N 15
furuAFuUsTEAnTauyAvesUszens vieen
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Assumed population (K) Tnsdan1n1391809075
AIuIndl 20 58U AINUATIIEIAN Kagjﬁ 148310
Lags U luMsIATIERR 10,000 F 50,000 80U
Tnelddane3fiuves Bayesian Markov Chain Monte
Carlo (MCMO) 91nsfuvnnsinsiesiiieUssanaen
K ﬁﬁﬁqm 19eld The ad-hoc AK 989 Evanno (Evanno
et al., 2005)

Tudunougarineviinisiiesegst Structure
Snasedrean K lngvinnisaerrgiuauglunis
4R34 100,000 F3 500,000 A%e Fredanesiy
MCMC Lﬁ'aa%’wLLmumwmw‘TuqﬂimLLazﬂ""}mm
AT LRDT N1IRUTNTTU VINITATUINAT
duUszan3 Nei's genetic distance Ingldlusunsy
POPULATIONS 1.2.32 thAndudszansillaanvinas
71A3124 Neighbor-joining (NJ) wag UPGMA ¢ 28
TUsIASH MEGA 7.0 (Kumar et al., 2016)

NaN1538

NNTATIVIANNYULNNFTUFIUING VDY
fungn taua Aundelu anuendlu wavdnsidiu
ANNNT 1R BAINNE1VBILU WUITHNITNTLANEAD
neluduuznlnefianadsvesnunitslumiafu
6.18 @3l. ANUEILUINAU 10.09 . LarsnIIEIY

WABWIiY 0.61 Sruauduluiede 13.32 (Table 1)
TumsnsIdeUAULANGIN (Polymorphism)
vo9LAs panursluianavin ISSR MLy 12
\A3 LY AlanannuuanangluUszIINIeq
Aungni lawn 1A peanune UBC866, UBCS5S,
UBC876, UBC880, UBC873, UBC827, UBC826,
UBC834, UBC842, UBC855, UBC812 way UBC817
Tuduulwawediia 12 nawes Winuuauiidue
famun 113 WU wuiAdesviany UBC827 Tduau
LoUALSulINTdn 24 Way @2 UBCB12 uas
UBC834 wansunudiduteosdigaifios 3 wau
(Figure 1) A1 PIC gaga# 0.40 uwazanagad 0.12
Atedeegil 0.31 (Table 2)
N1TIATIIANTURUTN R UTNTTUAILTT
Neighbor-joining @ 281U s sy MEGA 7.0 WU 11
ldaunsavinisuuang udieg1eniug daala
ag 13t uarlianunsadunguiiegrandungudes
(Figure 1) usinuInnguduuznfiunaniundania
Wwenduilnisswnguiududiuunn wuldlungu
M TANIYIUYT UATIIVENT UATUIEN INYTUT Uy
519U lun1siasigianuduiusinglddeyanis
duguIng1meI5n1s UPGMA lalanansadiuunngy
daeg19ld srudengudteg1ludwminfeaiu

1in13n32a186 (Figure 2)

Table 1 Minimum, maximum, average and standard deviation of width, length, ratio between width

and length, and number of veins in B. ovata leaves from 101 samples

Width Length Ratio between Number of veins
(cm) (cm) width and length
Minimum 3.17 5.77 0.41 9.00
Maximum 10.33 13.90 0.84 18.00
Average 6.18 10.09 0.61 13.32
SD 1.323 1.635 0.084 1.913
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Figure 1 Agarose gel electrophoresis of B. ovata samples with ISSR marker UBC827 and UBC817

Table 2 List of ISSR primers that showed polymorphism in B. ovata samples, the number of alleles
from ISSR primers, polymorphism information indexes (PICs) of each primer and He

(expected heterozygosity)

No. Primers Number of PIC He
Banding

1 UB866 8 0.32 0.303
2 UB858 8 0.32 0.346
3 UB876 7 0.39 0.343
4 UB880 8 0.40 0.402
5 UB873 15 0.12 0.221
6 UB827 24 0.29 0.208
7 UB826 15 0.37 0.281
8 UB834 3 0.28 0.414
9 UB842 9 0.26 0.340
10 UB855 9 0.37 0.322
11 UB812 3 0.31 0.357
12 uB817 4 0.28 0.379

Total 113

Average 9.42 0.31
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Figure 2 Phylogenetic tree Neighbor-Joining (NJ) method with 101 sample of B. ovata
from 20 provinces as Kanchanaburi, Nakornnayok, Lumpang, Phitsanulok,
Phetchaburi, Ratchaburi, Nakornpathom, Chaiyaphum, Samutprakan, Nonthaburi,
Prathumtani, Nakornratchasima, Chainat, Chantaburi, Rayong, Trat, Suphanburi,

Khonkaen, Prajuabkirikun, and Mahasarakam with 12 ISSR markers genotypic data
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Figure 3 Morphological analysis using UPGMA method with 101 sample of B. ovata from 20
provinces as Kanchanaburi, Nakornnayok, Lumpang, Phitsanulok, Phetchaburi,
Ratchaburi, Nakornpathom, Chaiyaphum, Samutprakan, Nonthaburi, Prathumtani,
Nakornratchasima, Chainat, Chantaburi, Rayong, Trat, Suphanburi, Khonkaen,
Prajuabkirikun, and Mahasarakam with leaves width, leaves length, ration between

width and length of leaves, and number of veins of Makaa leaves

54



Joumnal of Agri. Research & Extension 40(2): 47-57
33UNANIITINY

ANINAdgaUNITILdanIaan Polymorphism
v091a3 penureluianavida ISSR 1 avua 96
|30y WUIUATMINY ISSR fes 12 Insiued
A nansauuane1sluuseainsugnn Sniaen
Polymorphism information contents TueSaaviang
Tuanavia 1SSR 4 aduin3 oamuisluianavie
Dominant marker A1 PICs 8¢ 5¥131¢ 0-0.5 lag
\P309mAN ISSR YRHRATIERLAYINAY 03131 wang
Tifudsanuannsnvesedomneluanaianunse
LENUBEAMLUANGNYBIFDE 1ezAle 109N
AN PICs Bsiuandiiiud dlenanisifia Polymorphism
voeuuuas iunisuanseanludnvarnndy (Yousefi
et al., 2015)

WHUNINDINTTNTTATIEYAIE UPGMA Tu
anvaugndugiuinelianisaldlunisdnngy
#0619l duillesanndnwaeildoratesiAuly
5908919052918 v 0a nwazliuAna 19 UBEa
Fatau vilin1sldisn1sdanguaietoyadugiuine,
Lnziun1sdnnguuasuzni uanaea1nisnisly
Tayavasnaniazinitlunisinnguvesiudnungn
(Laosatit, 2010) #3olun1sAnw1ves Ceylon olive
wuhdnwnzvesiinaasludenauasvuaveswa
WA UNIT I UNISANYIAMUNAINNAIENI
sugnssunnslddnwmsionun 24 Snvay 714
Tun1smnaes (Raji and Siril, 2021) Smﬁgﬂuﬁ%mju
ayulnsnisldarsadnaindeg1saiug dunis
Anseiiieiniosnelianafamsolduungy
#2108 19la A (Pandotra et al., 2013) 53U 33N
N13ANY1 N15ATIENNIRUTNTTUULUY Neighbor-
joining waASIALALAIN1TTUNGUVBIUTZYINTUZ N
Aliannsadangulfodudaaununginig u
qummmsa%’mﬂﬁjﬂué’f&ﬁmlﬁmﬁuﬁwﬁqLﬁumﬁyuﬁ

¥ =
YNLAYN

NFIDEN 20, 21, 22, 23 uay 25 (Figure
1) Inesoensil 21 Wuduuzniinuegluuasessio
YOITINTANIYIUUT WAL IIYYS A288 19 uNEN
llaunsasunguiuAunEn11INUANIYIUYI AN
Fnsaudunguaisys Snvademudiinisdangy
MIBENIINUANIANETUDDN LU TUNYT Teead Lag
n31A ansaTIniuegluAaaAedfiu wldnasny
G“hasmmﬂwa"’mi’mgﬂmmﬁmdmﬁ’aasjwﬁﬁw LU
uasUgu (61) wazuuny3 (92) ludegeildan
auayulnsluwafiuiidiung fvalan aynsusms
LATUUNYT INNITFUNIWAINUINRNI0E1991N Y
anulnsludrauazivalan nueeilalviteyadii
I¥dunznmaniud nanatsua Soiamesys
d9AATDINULNUAINNIIT LT NI T TUA8E1991N
ayn3UsINITHATUUNYT NquLNVdLNUlnedIvas
auaulnaudeildSufuugnananfiuiiuasugy
wars Iy asatunguiiesafidanguuuy NJ viedl
nsfililanansadanguutsiegnsldegstalauena
Dumsrzdnundsmunsluanaddiivsnese
nstdlunisuianguuszang Tunisfnwiivayulng
nqudu i Ina 91 afiudu wagdudnuagn fns
Uszgndlfiaieamneduiusnnuagiinaiusiusm
aewuiinseunquluuiasiudl vinlddoyadld
anusauUInguiteg MR uAldR (Laosatit, 2010;
Khunpiban, 2010; Thaikert, 2009; Bua-in, 2009) $3 484
Aunalnraten1anugnssulungninulddes

Wowndillvemanunusaeiuslulssmelne
d3UNaN15738

PNMIANIANUVAINTAENFUFININEN
LLazﬁuqﬂ'ﬁsﬂummﬁa 20 9 dn 91wy 101 Ay
WUIUTEYINTUENT ANULANA TGN T TN
IINNANITILATIEY A 875 UPGMA A8 Ny

NMRFUFINEIEToNA ALY AU SRSIEI
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nseysndayulnsiuviuvedivesely
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HavasEIARURINURBNESERAzEsaNAvININAAUMEBIEMINUSNNEnTaLUES
Effect of Coating from Passion Fruit Peel and Fish scale

on Shelf Life of Strawberries

A0 wINITH* ASWaY BaADN ASNT IWSUUIU AT Bevinus

Siwadon Chaemchamrat*, Siriploy Yod-arj, Siriporn Phokanap and Nootjaree Singpan
aumivneniivand ausnaluladnsinuasuazinaluladanamnisy uninedesudgmesysal nsysal 67000
Department of Plant Science, Faculty of Agricultural Technology and Industrial Technology, Phetchabun Rajabhat University
Phetchabun, Thailand 67000
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Received: September 04, 2020
Abstract Revised: April 11, 2022
Accepted: August 17, 2022
Effect of coating from passion fruit peel extract on shelf life of strawberries grown in Khao
Kho district, Phetchabun province. The experiment was performed as a Randomized Complete Block
Design (RCBD) with 8 treatment. Coating solution made from passion fruit peel extract, pectin solution,
fish scale extract, chitosan solution and acetic acid. After 8 days of storage, strawberries coating was 2% pectin
+ 1% chitosan has lowest weight loss. As for the coating with 1 percent fish scale extract has highest
titrated acid content. The total soluble solids (Brix) were not significantly different, but effected on ratio
of total soluble solid (TSS) and titratable acidity (TA%) (TSS/TA) a coating strawberries with 1% chitosan
and 2% pectin + 1% chitosan has highest TSS/TA. The uncoated strawberries had the highest
anthocyanin content after 2 days of storage. The color L* (brightness) value of the coating was not
different. While the color a* (red) value a coating strawberries with 2% pectin + 1% chitosan had a
color a* value than coating with 1% chitosan and 2% passion fruit peel extract, while the uncoated had

the least on the color b* (yellow).

Keywords: strawberry, passion fruit, coating
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AnwinavesaIsiAdauianUdeniasa
sensinergmsifuinwianselueiiugnlugine
WIAD FINTANYTYTOL 21UNUNITNARDILUUEY
aeluvdeonauysal fwWanun 8 damnaes 3 9
Usznaulusig nsiedeulinnieansannainiuien
V@1I9E @158LANULNARY @15anna1nLnanuan
asavanglalaenu uagnsnexdRn (Acetic acid) wiag
MSAUSIE 8 TU NUINNSIAGBURIANTBLUBS AL
waRY 2 1Wesidud + lalawiu 1 wWesidud vinla
auduthmiindosiign daunisadeufindieansar
ndavan 1 Wosidud naanseruediusuiansad
Innsaldnniian Tuonefivinuvewdsiiazaneily
(Brix) lufimnuusnaeiusg el dedAyn1eadd
witlnafudnaiuvessinamewdiiasanetlduas
USunaunsadi lmnsele (TSS/TA) ansazanelalagiu
1wWesifud wazansiadeuiinanildeniardse
2 Wesiud + ansavarglalaenu 1 wWesidud dan
TSS/TA qefign drunansoruediilildiadeuiad
Uinameulnlsendusnniigandafuine 2 u dd
L (Auadng) vesn1sideuialunnnssudshiining
uwansnsfueesiiiddymeadn Turaediand a ns
\WPaeURERsBIUDS MemARU 2 lWesidud + lalneu
1 Weasidud dAd a (Fung) 1nnnsedeuRime
Telawnu 1 Wi wavensan aueniamsa 2 1Ueosidud
dunmsliedeuiafinailiiied b @wdes) deeiian

ANENARY:  ARTOLUDT LANITE ANTLATRURN

AN

ansoweiifunalidnvlianisifinnsugn
ogvundvane Taedifiufivgnanseiveidaulug
oy n1anamdawarlui ui uadaninveania
nzfusonidsunie warluiufiqeuesnianag
anserueTisdnlufiuasugiavialvifsannsore
snguzaniuegvesinmsnstiUgnlsatuianumsn
ﬁyuﬁlﬁwLLazuuﬁ'q 1 (Phipatthanawong, 2000) @ slu
U w.A. 2559 dnunsnsUgnanseiues 147 51
flufiugn 486 13 finandnsau 103,860 Alandy 31A7
vgiade 201 vmsedlaniy Tnsludminmwasysal
U e, 2559 finwnsnsfuananseiued 77 s1o fiud
Ugn 234 15 dwandnsiu 58,740 Alansu 51A1v1
Wi e 167 Uwisefilansu (Department of Agriculture
Extension, 2017) usianserue3iifeide Ao iuilviil
Snrmamelags wdeuazdnléde FlAuinw
alauny (Inthasan, 2015)

Tnsundudamalifidowfuii oaudadenald
svpziiavile aziianisifisnaiuaziindeniy
s3sui widmalsivanduasinssuiunisosiu
nsgdstnuarnndiiaevenderdunisiolse
frensndnansiddnsasduiiduuis q adnely
\deufiney wimadeufiamaiiiades q aagly
usssud shlnaldiAensgaudetiuasinnis
Wienan meluladnsdanisuandavdsnisiiuifen

'
o o =

=% & a = a v A
ﬁ]\‘iLﬂuaﬂmﬂig sﬂﬂﬂigugﬁJﬂqiLﬂaaUN?NaluL‘WE]SUSaa

€
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N15ANBUT N3 BN13LAA BUR AL A 88157 1 g5
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iR aswedeviimaliiandudniBmamildunisie
p1gmafuinumaliilduiud sy ddutagiuiing
17arsindauilog1sunsaie (Rodpprasert, 2014)
arsadeuialulaguuivaievile 1y asieiauiy
s1nmsiulanse lawn dadiun A1313uul ayius
Yourag Lad twaRw (Chateep, 1996) Mslviduenesyunstn
(Acetic acid) Tun1snuvuiavenaansoluesiile
gudenaiades deanunsaanaufonsld
Uszanadesay 20 WeluTouiiisuiunad luldld
ihdumegninideifuinufigumad 4w, um
15 7'u (Jarunrattanasakul, 2009) #3 8n15t9 @15
lalpuvind azanelunsamnuidududosay 1
awnsavzannisnislawasnisanvesansaiuesla
dlofusmiigamgll 1%. FaA LTS Sotay 87-90
(Chucheep, 2000) UBNANTUNNSHENENSIAG DN
mntaudelinnsssnmiduiitomnniuionin
Junmsihveadeanldusslevy wu Changirakul et al.
(2016) AnwinavesansannnUiendulanazinu
95zt dan1snergnisifiusnunaznisduds
WoqAuniduasinsen Avilwanunsafusnu
Torsewldunni
wnsaduivdnvdandsivgnunnluimin
sy sal Tnslanizennelude 490 w.a. 2559
finwnsns fUgniansa 353 918 Auiivgn 3,770 19
TinanAms 3,415,950 Alansy S1PYIE@Ras 12 UTMAe
Alansy (Department of Agriculture Extension, 2017)
Tunn 9 aruveaarsaaunsatldusslevuls wu
135’1LLamﬁmﬁwmLLUigﬂL'ﬁuﬁ’uania wazldidon
vonansa uonduazindandnluldideale
(Phavaphutanon, n.d.) Tngwui1lutudenianise
ugdmdeadivsunaunafudesay 19.1 dndunafiu
wendasn Jsmsiieeviaunmlusumiuamy

YaaRauazAUntnansfisuRunlaumARY
19151 (Wanniyom, 2009)

ndavar Wududi vesiudlan Tny
W punasunanndavds Fainannindetuly
Tnoesrusznaundnvenndnvariulsznaulusae
Tsdu 181 shualaduuarlalney delalpgnudu
arsiianunsaldusylowidlavatosiu saudanasld
Usgleadluaunissnemanannisnisinees lagld
Wduansiadoud it ednengnasidusne
(Weeraphan, 2011)

¥
Ay a Ao

Fedfueideidfedguarasdiiiofnuing
yesansfiainlfainiudenansaazindaan leld
dwdudumsedouinflanunsouilaald edneny
nsiusnenaanseiues wasidunisldtanmunie

PN IUTFUNEITaRaENsUSIAALAT AR RLA Y
¢ ad
aUnInULAZIdNIT

FnsAaEentaansotues 960 na Misluun
TndlAgaiu %qagiuizazﬂmmmﬁ 80-90 LUas LU
LAZYIINTTEUNAANTOLUOIANUMNUNITNAGDY 18IS
LNUASVAGBILUY RCBD fivfanun 8 Awnass fall

1. lijuansindeurs (@nmuaw)

2. asazanglalawu 1 Wesidud

3. arsannanndalan 1 wWesidud

4. gnsavany Acetic acid 1 WWesidud

5. @savanemnaiu 2 Wasidud

6. ansiPAEURIINUARNENSE 2 Wesidus

7. ansaranewmadiu 2 Wesidud + ansavaney

lalaw 1 1Wesibus

8. answdeuRINNWURenEsd 2 Wosidud

+ ansazanglalaeny 1 Wesidud

60



Journal of Agri. Research & Extension 40(2): 58-70

ASLASYNAITLARDUN?

1. wisuarsazarslaeiiasadailaain
wWasnansannnieuduansindouialugluuy
V0IANTALANY Immamaﬂuﬁ%ﬁammmﬁ 100°.
waded Ingansatnseti 2:100 (W)

2. \seuansazane Acetic acid 1 Wasidud
waransazanelalagu 1 wWedius Tnonauadluii

\Wengaunil 100, Iagansnsnuseat 2:100 (w/v)

Aanliun1meass

yhmsneaeinIsitar 3 91 910z 5 ua lne
yihnsguansiadeuianuuNLNTMnaesdiArualy
Mniduhanseiveiussyldndeswaradinlasia
In@wenau mLswnLse (Polyethylene terepthalate; PET)
naesaY 5 WA mud L fvualneuUsanserues
oenidu 8 nqu i eldlunisqudmsuiuiindeya
yn 9 2 fu sadlanseruedviedu 192 ndes ANt
ansewesvammudlugmunugamnid 18, Arwidy
duins 60 Woesidus wazvinnisduansaiue3vn

N335 9 e 3 91 Tunn 9 2 Tuieinisduiinteya

nstuiindaya

instuiintayann 9 2 Ju uazidoya
fldinsiianeideyalagldlusunsiiaszsiada
1875 Analysis of Variance (ANOVA) LUS 8 UL B U
AULANA9TRIA L el Duncan’s Multiple

Range Test (DMRT) fiszsiupnuniesiu 95%

n1sgaydeuviin

a ’; £ 5 [
nsgeydsdnun (Wesldue) =

Umitinfuisusy - dwidnfuiiudeya x 100
WminTusueu

Vinavasudsiiazangldnaun (Total Soluble
Solid; TSS)

YA uanNaansetuaIu R8s o
Hand refractometer (ATAGO N1, Japan)

Usanaunsadilnmsald (Titratable Acidity;TA)

Tngtund uanansoluesvsuing 1 ya.
WahnduauldUsinms 20 va. udhsndvansavane
Phenolphthalein Auidudu 1 1Wesidud s1uu
2-3 wem Wiel$idy Indicator anduthlulnmsndae
4150887190 191719551U (NaOH) AUy 0.1N
Junsiedieqmgd (End point) A uazid sy
Avungeusy190123 YufinuFunaanedldlunis
mulumesidudnsauaanadn
wWesifusnsauearadn =

N base x {iadans base x meqwt. V0INTATEIN x 100

a aa S & g
TadansunAuNly

A1590A18 L*(A2106919) a*(Funse) b*(Ewnhes)
TneflfieRosind v Hunterlab Ju MiniScan
EZ (LAV)

Usunauneulnleeniiy
nsmivsuauueulnlyerduniuisves
Yindee (1996) fidumausill thinamselueiiuazdeon
1 AU AN Ethanolic HCI Usunas 25 wa. udansazany
3 §lus nioauinanseluedllild antunsesdae
NTLANYNTOY LLaziJmmmi@JmﬂﬁuLLm (OD) fiaru
g1AAY 535 wiluiwns ¥1an oD 7ilaluunuanlu
qmmﬂ?mmuauimi%wﬁuﬁgjmm Inuqedy
faan3usie 100 nduuiinan
Total absorbance =

Absorbance at 535 nm x Final volume x 100

Weight of sample
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Total anthocyanin content = Total absobance

98.2

NaN15338

nsgauderiviin
ndsmsinusnwnaansetuediiunan 8 u
WudﬂﬁmsawﬁafwmﬁfﬂﬁLmﬂmaﬁuaﬂwﬁ%ﬁwé’@
M (p<001) Inevdsnsiiusne 8 Tu waamnseLue3
findeuiaflmadu 2 1Wesidud + lalagu 1
Woesifud dnsadodmindesdian 14.27
Weddud dhumsiedeuiitlaenssiizou 9 finsgayde
thwiineglutag 56.71-85.58 wadiiud (Table 1)
Ginawewudsiiazaedild
naansolueInindoudalunnnssuis

=

JUSuuvewdsfiazanetnlaluuana1eiuagidl

Y 1Y

° aa N a 2 a vy
UYFIAUNIAD R I@EJ@JU?@J']ZNSU@QLLGUQV]aga']EJu’]vLﬂaEJ

v Y

w24 8.00-11.00 Brix (Table 2) ndsmsiiusnw 8 u
ansaiueITndeuideasatanaatan 1 Weosidud
fUnansaitlmnsald (%TA) innitan wiliunnsig
PnEsavanenaiy 2 Wesidud lnedusununsa
Flnmsnlawindu 2.40 Wediud (Table 3) uavdnau
903U awed i avarotnlduasUsuianse
Flmnsale (T5S/TA) asazarelalagn 1 wWesidud
waza1sAdouRIANasnIE@NIsa 2 LWesidud +
asazanelalany 1 wWesifud fid1 TSS/TA gefian
WA 9.77-9.94 Faaunsaeiunglainnisiadeuin
Taeiannsindndmalinaanseluasiinnumy
uniigandanaiiuinw 8 3u (Table 4)
Usunauneulnleeniiy

naansoluadv bl liadouRTuS U
woulnlosrduinigandufvine 2 Tu laed
Usunauneulnlegndulyindu 17.62 4n./100 N
(Table 5)

Table 1 Effect of coating on percentage of strawberry fruit weight loss after 8 days storage

Treatment Weight loss (percentage)/shelf life

Day 2 Day 4 Day 6 Day 8
Non coating 1.00° 29.92°¢ 42.31% 56.71%
1% Chitosan 2.82° 18.27¢ 47.70% 72.50°
1% Fish scale extract 2.14° 61.26° 55.58%° 75.84°
1% Acetic acid 8.38° 51.52% 64.16° 58.78%°
2% Pectin solution 1.17° 60.59° 76.80° 85.58°
2% Passion fruit peel extract 2.29° 43,95%¢ 34.90% 84.32°
2% Pectin + 1% Chitosan 1.70° 44.36% 8.83° 14.27°
2% passion fruit peel extract 1.19° 23.83¢ 13.58° 75.42°

+ 1% Chitosan

CV.% 40.96 24.89 42.01 17.83
F_test *%* *%* ** *%

**There was a highly significant difference.

There was no significant difference between identical letters in the same column (p<0.01).
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Table 2 Effect of coating on total soluble solid content (Brix) of strawberries after 8 days storage

Treatment Soluble solids content (Brix)/shelf life

Day 2 Day 4 Day 6 Day 8
Non coating 10.10 9.77 11.50 11.00
1% Chitosan 10.00 10.33 12.10 10.00
1% Fish scale extract 9.03 9.43 12.00 9.50
1% Acetic acid 10.20 9.10 12.05 9.00
2% Pectin solution 10.90 10.00 9.00 8.00
2% Passion fruit peel extract 10.03 11.07 10.60 8.60
2% Pectin + 1% Chitosan 10.73 11.33 11.10 9.33
2% Passion fruit peel extract 8.13 10.00 11.33 9.20

+ 1% Chitosan

CV.% 16.24 12.48 10.25 7.51

F-test ns ns ns ns

ns means no significant difference (p>0.05).

Table 3 Effect of coating on titratable acidity (TA%) of strawberries after 8 days storage

Treatment Titrated acid content (TA%)/shelf life

Day 2 Day 4 Day 6 Day 8
Non coating 1.28 1.24 1.28 1.47%
1% Chitosan 1.17 1.02 1.44 1.02°
1% Fish scale extract 1.17 1.22 1.41 2.40°
1% Acetic acid 1.28 1.19 1.83 1.22°
2% Pectin solution 1.18 1.99 1.54 2.24%°
2% Passion fruit peel extract 1.19 1.28 1.35 1.28¢
2% Pectin + 1% Chitosan 1.11 1.45 1.56 1.09¢
2% Passion fruit peel extract 1.09 1.39 1.43 0.93¢

+ 1% Chitosan

CV.% 9.29 29.40 19.75 14.15

F-test ns ns ns **

ns means no significant difference (p>0.05). **There was a highly significant difference.

There was no significant difference between identical letters in the same column (p<0.01).
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Table 4 Effect of coating on ratio of total soluble solid (TSS) and titratable acidity (%TA) of

strawberries after 8 days storage

Treatment Titrated acid content (TA%)/shelf life

Day 2 Day 4 Day 6 Day 8
Non coating 7.89 7.92 9.16 7.62¢
1% Chitosan 8.66 10.09 8.42 9.77°
1% Fish scale extract 7.87 7.49 9.23 3.96¢
1% Acetic acid 7.99 7.89 6.60 7.40°
2% Pectin solution 9.25 5.56 5.86 3.57¢
2% Passion fruit peel extract 8.55 8.76 792 6.72¢
2% Pectin + 1% Chitosan 9.69 7.86 7.23 8.66%
2% Passion fruit peel extract 7.34 9.51 7.95 9.94°

+ 1% Chitosan

CV.% 17.82 32.78 17.81 6.24

F-test ns ns ns **

ns means no significant difference (p>0.05). **There was a highly significant difference.

There was no significant difference between identical letters in the same column (p<0.01).

Table 5 Effect of coating on anthocyanin content (mg/100 g) of strawberries after 8 days storage

Treatment Anthocyanin content (mg/100 g)/shelf life
Day 2 Day 4 Day 6 Day 8
Non coating 17.62a 12.56 14.14 15.61
1% Chitosan 9.40b 10.79 15.95 15.58
1% Fish scale extract 11.52b 11.29 14.77 15.22
1% Acetic acid 12.04b 10.45 16.05 15.44
2% Pectin solution 11.41b 10.78 15.91 11.35

2% Passion fruit peel extract 10.40b 11.84 15.69 15.28
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Table 5 (Continued)

Treatment Anthocyanin content (mg/100 g)/shelf life
Day 2 Day 4 Day 6 Day 8
2% Pectin + 1% Chitosan 8.12b 9.16 15.36 11.97
2% Passion fruit peel extract 10.63b 10.98 14.96 11.27

+ 1% Chitosan

CV.% 20.37
F-test **

13.58

ns

5.27

ns

20.95

ns

ns means no significant difference (p>0.05) **There was a highly significant difference.

There was no significant difference between identical letters in the same column (p<0.01).

Al L*(A210a319) a*(@ung) b*(Ewaeg)

ANd L (Auadng) veen1siadeudalunn
nssuRsldfianuuana1siueg1elidedAgnieads
TnedrAnegluyae 22.59-29.96 (Table 6) luvne
Aif1d a nsindouiianaansoluaIdiemafiy 2

Wosidud + lalawu 1 Wesidud de1a a (Auwna)

Table 6 Effect of coating on L* values (brightness) of strawberries after 8 days storage

U =~ a ¥ § @ i3
wnnInsiedeviiamelalaeu 1 wWesidun way

asainaindonianisa 2 wWosibud aflavindu
29.19, 21.76 waz 19.90 mua1au (Table 7) @3un1s
Laipfouindnayinlviland b @wdeq) desiiga

TpeslAwiniu 9.43 (Table 8)

Treatment L* color values (brightness)/shelf life

Day 2 Day 4 Day 6 Day 8
Non coating 35.05 28.66 29.42 22.59
1% Chitosan 30.67 27.74 27.17 24.17
1% Fish scale extract 32.37 29.38 30.23 26.11
1% Acetic acid 31.79 31.67 26.01 24.99
2% Pectin solution 32.47 33.00 26.74 29.96
2% Passion fruit peel extract 29.03 27.75 31.08 25.14
2% Pectin + 1% Chitosan 34.02 29.44 25.66 28.21
2% Passion fruit peel extract 35.29 27.65 31.39 29.63

+1% Chitosan

CV.% 12.48 9.78 9.73 13.46
F-test ns ns ns ns

ns means no significant difference (p>0.05).
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Table 7 Effect of coating on a* values (red) of strawberries after 8 days storage

Treatment a* color values (red)/shelf life
Day 2 Day 4 Day 6 Day 8
Non coating 35.52 30.38 27.84% 22.68%°
1% Chitosan 33.01 29.58 25.88% 21.76"
1% Fish scale extract 29.06 35.83 28.61%° 26.94%°
1% Acetic acid 32.85 30.62 19.97¢ 27.71%
2% Pectin solution 33.45 32.90 27.56%¢ 25.31%¢
2% Passion fruit peel extract 30.11 31.99 31.89° 19.90°
2% Pectin + 1% Chitosan 28.77 31.39 22.79°¢ 29.19°
2% Passion fruit peel extract 36.03 32.37 26.07% 27.89%

+ 1% Chitosan

CV.% 11.95 7.54 11.96 14.01

F-test ns ns *x*

ns means no significant difference (p>0.05). *There was a significant difference. There was no significant difference between
identical letters in the same column (p<0.05). **There was a highly significant difference. There was no significant difference

between identical letters in the same column (p<0.01).

Table 8 Effect of coating on b* values (yellow) of strawberries after 8 days storage

Treatment b* color values (yellow)/shelf life

Day 2 Day 4 Day 6 Day 8
Noncoating 27.47 16.52 14,33 9.43¢
1% Chitosan 18.97 15.99 14.06%>¢ 10.19*
1% Fish scale extract 18.63 20.80 15.222¢ 16.64°
1% Acetic acid 20.70 21.23 8.08¢ 14.70%¢
2% Pectin solution 19.96 21.53 13.48%¢ 16.44°
2% Passion fruit peel extract 18.08 16.87 19.36° 12.03%¢
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Table 8 (Continued)
Treatment b* color values (yellow)/shelf life
Day 2 Day 4 Day 6 Day 8
2% Pectin + 1% Chitosan 20.82 20.41 11.74° 15.01°%°
2% Passion fruit peel extract 24.61 17.97 17.29% 16.68°
+ 1% Chitosan
CV.% 28.67 17.50 20.10 20.84
F-test ns ns *x *

ns means no significant difference (p>0.05). *There was a significant difference. There was no significant difference between

identical letters in the same column (p<0.05). **There was a highly significant difference. There was no significant difference

between identical letters in the same column (p<0.01).
a ¢ a o
AP1FUNEANTIIY

waansfiusn 8 Ju mandeuilianselue’
AapmaRy 2 Wosidud + lalagu 1 wWesidus il
andoimdniiosiian feaenndestunisinuives
Pirlyaphattarakit et al. (2017) fivhnsfinwseansamn
yesasiadouinnnyniilesnugaAMMdINIIAY
AeauaBaegnisiuinumaduilenniu dauin
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Abstracts

This study aimed to explore the personal, socio-economic attributes of farmers raising beef
cattle and the situation of beef cattle raising system in Phonxay district, Laungprabang province, Laos
PDR. Questionnaire was used for data collection administers with 309 raising beef cattle farmers. The
data obtained were analyzed using descriptive statistics i.e., frequency, percentage, standard deviation,
highest score and lowest score. The results shown that most of respondents were male (76.7%) at an
average age of 41.98 years old. They were elementary school graduated (58.6%), with an average of
6.34 household members. Main occupation was agriculture (90.3%), an average annual income was
87,862.10 Baht per household, out of which 46,489.25 Baht was from selling of beef cattle. The total
capital for raising beef cattle was at the average of 46,014.40 Baht per year and with the average of
15,998.31 Baht dept per household per year. Contract with agricultural extension officer was on the
average of 3.85 time per year. More than half of the respondent (56.3%) were trained in beef cattle
raising and member of community group (65.1%). The experience in rearing cattle range from 6 to 10
years. As regard beef cattle raising system, the labor used in the farm was from the respondents’
household at an average of 2.45 labors per household. The average number of beef cattle per family
was 11.4 heads, most of which was native breed (98.4%). The main feed for beef cattle was grass
which was grown by farmers at an average of 4.25 hectares per household. Most of farmers (87.7%)
can manage their own rearing system. The source of fund for buying the beef cattle was from
respondents themselves (78.0%). Most of the farmers had their own land and grass flied to feed the
cattle without any feed supplement (90.9%), beef cattle were vaccinated against foot-and-mouse

disease once a year by the owners (63.1%). In conclusion, most of beef cattle raising farmer had
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backeround of knowledge and practice in beef cattle raising. However, they lacked of feed management,

disease prevention and breed management.
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Table 1 Descriptive of personal data of the respondents (n=309)

Item

Frequency (person) Ration (%)

Sex (male)
Age on average (31 to 40 year old)
X =41.98; SD =10.62; Min-Max = 19-80
Marital status (married)
Education (elementary school upper and lower)
Agricultural occasion
Family member (higher than 6 person/family)
X = 6.34; SD = 2.02; Min-Max = 3-15
Household labor (1-2 person/family)
X =2.45; SD = 0.90; Min-Max = 1-8

237 76.7
127 41.1
307 99.4
181 58.6
279 90.3
185 59.9
219 70.9
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Table 2 A number of economic data of the respondents (n=309)

ltem Low - High Frequency

(average)

Family income (Baht/year) 9,187.28 - 363,957.60 87,862.13
Income earned from the agricultural sector (Baht/years) 9,187.28 - 254,416.96 68,874.06
Income from the cattle (Baht/year) 3,533 - 236,749 46,488.90
Income from the non-agricultural sector (Baht/year) 0 - 204,947 18,988.07
Total capital for cattle raising (Baht/year) 3,534 - 176,678 46,014.40
Debt family (Baht/year) 0-100,671 15,998.31

Jayan19dInuvauNEnsNs Imasnennnuasiosar 70.2 we 5.7 adaded

ndoyaiiuandly Table 3 wuinnwasns  lasudeyavnidmiiiinuasgnedosas 52.2
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Table 3 A number of social information status of the respondents (n=309)

Item Frequency (person) Percentage (%)

Contacted agricultural extension (time/year) 219 70.9

X = 3.85; SD = 3.05; Min-Max = 0-17

Attending a training (time/year) 174 56.3
X =0.98; SD = 1.02; Min-Max = 0-4

Perceived agricultural information (time/year) 219 70.9
Officer 155 52.2
Poster 54 175

X = 5.74; SD = 6.60; Min-Max = 0-40

Village organization member 203 65.7

Member of village animal raising fund 139 68.5
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Table 4 Raising beef cattle situation of the respondents (n=309)

Item Frequency (person) Ratio (%)

Number of cattle reared (5-10 heads) 154 a9
X = 11.45; SD = 6.05; Min-Max = 3-35

Cattle breed type (Native breed) 304 98.4

Land area holding for cattle (lower than 5 ha/family) 188 60.8
X = 6.06; SD = 5.24; Min-Max = 1-50

Land area holding for grass (lower than 5 ha/family) 188 60.8
X = 4.25; SD = 2.85; Min-Max = 1-20

Self-practice with cattle reared (time/year) -
Self-practice 271 87.7
Cattle health care 257 94.3
Cattle feed management 137 50.2
Cattle breed selection 62 22.9

X = 3.75; SD = 2.57; Min-Max = 0-16
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Table 4 (Continued)

ltem Frequency (person) Ratio (%)

Source of cattle reared

Bought 205 66.3

Government project 61 19.7
Experience in cattle reared (6 to 10 year) 119 38.5
Grass plantation

No grassed plantation 68 28.0

Grass plantation 241 78.0
Type of feed for cattle

Roughage/grasses 281 90.9

Roughage with supplement feed 23 7.4
FMD vaccination

Do not FMD vaccination 114 36.9

Do FMD vaccination 195 63.1
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The chicken growth hormone (cGH) gene plays a crucial role in controlling growth and muscle
development in chickens. The aim of the study was to evaluate the genetic polymorphism of the cGH
gene in the Dang Surat chicken using PCR-RFLP. The cGH gene was genotyped in 172 samples of Dang
Surat chicken obtained from Phunphin district, Surat Thani province. Dang Surat chicken is a native
chicken that is very popular in southern Thailand. PCR was used to amplify genomic DNA for the cGH
gene (429 bp). The PCR product was cut using the EcoRV enzyme. The genotyping of the cGH gene of
Dang Surat chicken produced three genotypes, GG, AG, and AA, and two alleles, G (429 bp) and A (296
bp and 133 bp) and the frequency of G was higher than that of A. There were no significant deviations
in genotype frequencies from the Hardy-Weinberg equilibrium. The values of expected heterozygosity
(He) and observed heterozygosity (H,) were 0.51 and 0.49, respectively. The study revealed that cGH/
EcoRV gene was polymorphic in Dang Surat chickens that were genotyped. Therefore, the cGH gene
may be an important candidate gene for production traits in Thai native chickens and could be used

for indigenous chicken utilization and conservation.

Keywords: cGH, genetic polymorphism, Dang Suratthani Thai native chicken
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Wuguazinluverewug late s uanInsssuyif
(Songsang et al,, 2015) uena1nd 9170 1 uLAS
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Famting 70-80 umseAlandu waziluiidesniaidu
9813911N709U3LnA (Mala, 2018) usiogslsfinny
Uunailnunsgsiugsdadlidiieameiuaiudenis
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¥833ULuusadavedu Chicken growth hormone
(cGH) Fadubufisernuisidestunsasyiule
vdln lneianizetnad womsiannduielnsesng
(Makhsous et al., 2013; Promwatee et al., 2011;
Preecha et al., 2017) agslsfnu aadaImsdile
nmsnwluad s anduusslonisonsmauny
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77/518) Tuwaiuiidvaiiee suanuiiy d1ua
M99 FIUAUNULLAD WAZFAUAYTINEZYIOU 81LAD
WU 39Ina 31993571 (Figure 1) T1UIUTIHY
172 feens umedradenliandudensiuiin
1aUn (Wing vein) Usunad 500 lulasansnos ldlu
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Phunphin district
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Figure 1 The blood sample collection area, Phunphin district, Surat Thani province, Thailand

The number 2, 4, 6, 8 and 13 refers to Thasathon, Bang Maduea, Tha-Rong-Chang,

Phunphin and Hua Toei sub-district, respectively.
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NSEANAALOULD

anaALd uen 1975 u1M51U Phenol-
chloroform sl gatdealnisiun1siiy 0.85%
NaCl (lusms1du 1:1) i eananuviinveudon
Usums 200 lalasans @ Lysis buffer U3uns 600
lulasans wanlifidr iy antuliy Proteinase K
AIALTY 2.50 un./ua. Usuns 30 lulasans wau
Tindu ihluduilgamnll 607, u1u 2 Falus 1w
a1sazany Phenol Usums 600 lulasans (Phenol :
Chloroform : Isoamyl alcohol Tugnsnaau 25: 24 : 1)
nauliinnulnensgmienaunasalUinusein
10 wift arnduihludumdssiinnnungs 10,000 seu
fauNdl U1l 10 Wil galamzdnlaudinnazneu
AOULBRE 95% Ethanol uazazaefidulesie IXTE
buffer, pH 8.0 Usu1a5 50 lulasdns vrluvud
gaunAd 60°%. WU 3 U ATIVABUANITUTULAL
aunmAduetiadaldmeniosaalalilndines
(Biochrom, UK)

n1sasidaudlulndvesdud i nunen 1893
PCR-RFLP

o a & A o vy a & =

A ueNana AN LANTUAIUEY cGH ag
ns19daudlulndalea2835 Polymerase Chain
Reaction-Restriction Fragment Length Polymorphism
(PCR-RFLP) FaWmuau197n Lei et al. (2005) Iag
FunsnagyiUfAzen PCR S1uau 25 lulasdns

Table 1 Primers sequence

Usznausae Genomic DNA ffa21uu8 ud uiade
301.375+14.049 lulasnsu/dadans dSuims 1
lulasans lnswes (Forward wag Reverse) uandly
Table 1 AN 2.5 uM USu1as 1 lulasdnsg
2xPCR master mix Usu1as 12.5 lulasans Usu
Usunsliasu 25 lulasdns fae Nuclease-free
water Tngfin950uni5¥1 PCR &adl 13 ke Initial
denaturation figauvigdl 94°%. uu 5 Wil nsurin
UFA301 30 50U I¥uA Denaturation Tigamgil 94°.
WU 40 Tu19 Primer annealing 63°%. U1u 1 W1
Primer extension figasail 72°9. utu 1 Uil uay
Final extension ‘ﬁqmm:ﬁ 72°%. UU 5 W mﬂﬁ?u
1 PCR Al lUnsradeunmnmiIe 1.5% Agarose
gel ua2dauA18 Ethidium bromide wazdosnigla
was UV 91ndutinanan PCR fildundngqerdulesl
andmzaesgululsuns 20 lulasdnsdeufisen
Usenaume 10x buffer Usuas 2 lulasans toule
5U EcoRV U315 1 lulasdns wawdn PCR Usuns
5 lulasdans wazUsudsunasivasu 20 lulasans
A28 Nuclease-free water mmfuﬁmaamﬂﬁﬁ%m
luduiigamad 37°. uiueenstios 1 Falus iilels
wulgdvhauldegrafulsednsnm wagnsiageu
sUsuvudlulndeesdud e 0.80% Agarose gel
Tuiinamuaviduediintunelduas UV diewily

Aeszvinanaly

Primers Sequence Polymorphism Restriction enzyme
(5-3”) product size (bp)

cGH-F TCCCAGGCTGCGTTTTGTTACTC Chr.27 G>A + 1705 GG: 429

cGH-R ACGGGGGTGAGCCAGGACTG Intron3 AG: 429, 296, 133

AA: 296, 133

(Promwatee et al., 2011)

84



Journal of Agri. Research & Extension 40(2): 81-90

n1saATIERANRaInrateniIanugnIsaluliua
q91943

113Uuuudlulndf nsavaeulduiiinis
Fasrgviatunainatenisiugnssululiueg
asunemafiveding 4 Usenaudy Araanud
ulnd (Genotype frequency) warA1ud ada
(Allele frequency) Tnaauanlaaingunis

v saaa

AU Wind = Sruudainddlulndaniviua

FIUIUAR I IALUA

pndada =D+ (1/2) H

anaadlulnduuulelslelng

WD D
H = anuddlulnduuuieninalslalng

PMnUUIATIERANeamelslenagaTngIa
WU (Observed Heterozygosity; H,) wagALgninels
l9lng i Arnvuy (Expected Heterozygosity; H,)
WiaUszilluauvainraten1aiugnssy lagan H,

Awnilingns

We  H, Ae Anenmelsleln@anlaainnisdans
Ny Ao Snuusieg i lulnduuuevmelslsia

N Ao S1uiudegadoyariaug

A1 He Aaileangns

We  H. Ae Anenmelslylndfainuaie
P, A9 AANDSaaale o Nladaiu 9

n A IUIBIDATA

nisnaasvaun avesdululszyins
(Hardy-Weinberg equilibrium) #1e) Chi-square test

lganngns

n 2
o= (0—-E)
Z E;
=1

fo O fe Snushedadanailideyaugnssy
wuulenimelsleiailaria i
E Ao Swnushegwemaviailidoyaiugnis
wuuievimelsledadilada
n e dnmilataiidn
waEAMMUATEAUTEEAYNIEDHA Wiy 0.01

NAN15ILAZ AT

ASANARLDULDUAZATIVTOUARNIN

INNN5ANARLOULBYBLaRAlA T IUIY 172
Fa0819 wudddweniatald danududuaide
301.375+14.049 lulasnsu/fadans waziile
ATIVAOUAMNINLATIUINUDIALOULD #28TT
Agarose gel electrophoresis LU UL HUIUIAVD
AduledegsiuAldueNInIgIU 1 kb DNA ladder
wuinBueiaialana 172 §edns dvununnnia
10 kb LAYEINUITOUDUAULOUVBIALOULD (Band)
leeg19mLau Figure 2 LAASVUIATDIALOULBIN
FrogevaneLay 145, 146 uaz 147 Feldidusunu
LERIUAYBIALE UlEFIRE I LansInALEuLe
flataldadsdionudutuiazamnimivmeiiorld
Huwiwuy (Template) lun1svi PCR ludunou
molu

85



M5ANSIVYLATANASUITINTINYAT 40(2): 81-90

M 145 146

10 kb

3 kb

gDNA

Figure 2 Electrophoretic analysis of genomic DNA; no. 145, 146 and 147 refers to DNA of chicken

blood samples extracted; M: stands for 1 kb DNA ladder as standard

a a a e = o a
nsindsuafidueuazasradaudluindvesdy
Wnunefaeds PCR-RFLP

N a a & S =

NS uUTuuA weeIT ududY cGH
vulaslulonei 27 Felldunialunisifia SNPs ¥4
81 cGH aguTniunsindnieseiaulesl Ecorv
A835 PCR 91n610819lnUAsd 31993 31U 172
f38819 nuIdvuIn 429 ALua (Figure 3) wag
AsIvdeuAUaINatevesdlulndvesdu cGH
AeinAla PCR-RFLP Ingtnd ududy cGH vuin
429 giua AlAa1nNn15%1 PCR undoenleiouley

Andunzyiln EcoRV anunsanugduuudlulndla

1 kb>
500 bp>

3kb>» !
=
=

B SD D SR S SR AR R T e .

3 3UNUY WUl e Uit e sisaunudalae
Promwatee et al. (2011) A» Flulnd GG azdlvun
YBIALOULDNAIRINANTLBELRES 1 LOULUU AB VWA
429 gwua Fulnd AA fvunvesAduendanInnis
§98 2 WOULUU AB YUIA 296 LAz 133 ALUE LAy
ulnd AG aziivurnvesdidulenasannnisyes 3
WOULUU A8 JUA 429, 296 Uag 133 AU Asaau
nan1sAnwinuindlulndvesdu cGH Tu
Uszrnsinuasasugslaguuuuilulnd AA 1uiuy
4 feg1e ulnd AG U 36 Aaeds wagdlulngd

GG 917U 132 f19819 (Figure 4)

ettt <429 bp

Figure 3 Electrophoretic analysis of PCR products; no. 141-156 refers to DNA samples of chicken

blood samples extracted. M: 1 kb DNA ladder as standard
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M AG AG GG GG GG GG AG AA

500 bp »

Figure 4 PCR-RFLP pattern of cGH gene in Dang Suratthani Thai native chicken and M stands for 1kb

DNA ladder as standard
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waz 0.77 mua1du wasidl edieszdaiaudsada
Y038 cGH wui1dada G Sanud 0.87 1nnindada
A fiflaudifies 0.13 (Table 2)
InHaNsANIASsdenndasiuiuise
2949 Promwatee et al. (2011) filds1e91uli41 Bu
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LarALasaaa G Wi 0.86 luvnzfiBu cGH finu
TulAnudlesiususegmiad anawusUuuuilulng
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0.02,0.17 uag 0.81 MUAIFY WAZATIINUAIIND
$ada A Wiy 0.10 way ANudEdada G Wiy 0.90
Tuaaiedl Buasook et al. (2016) Tds1837
ANENNUSYDY Candidate gene Audnwawimiin
flulrfiuiosius? ineg2 wudnBu cGH nvaawy
Pdslulnd GG gaftan (0.97) usilainuiTulnd AA
& 2U Wichasit et al. 2017) lav1n15d nwn
AMUFNTUSUBILAT 04MLNEN1ATUTNTIY CGH AU
anwauznslinandnlyuazdnwazauninlyly
InlSaloduaudisalaziangoiurid wan1sanwliny

[

e nvaevessUsuudlulndluliisaesmeiug
LATARAAT 99 UIUT 38909 Anh et al. (2015) La v
n1sAnwrANuduiusvesdu cGH Audnvuenis
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MnnsAnwIANd sadavesdu coH lu
Usgynsbnuneasnuegs nudndauuandiedula
ameRusdu q Ssoatuegfusadaiiugruvioiinan
nsfPE N SAuuand 19T evus T ARTY
ogednan wazdada G wuihdaruiunitan Faly
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Y94liunIgsugs Inelanizeg 198 wian1swawn
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! s ¢ . A g
vaslnungsugsinsAnwielulusuian ey

nsBuduNITdIRRaNYUE NSRS YHUTAAINaT

Table 2 Genotype and allele frequency in cGH gene in Thai native chicken

n Genotype frequency Allele frequency (X2(2,0.01>:9'21) Heterozygosity
AA AG GG A G Ho He
172 4(0.02) 36(0.21) 132(0.77) 44(0.13) 300 (0.87) 248.65" 049 051

NsNAFUALAAAINABUANLNGYUBsaTa-1atiddn
WAZATTIAIIZIAT He waz H,
NIVAAOUANAAANAYBITU cGH 7| SNPs
AILUUS Chr27 G>A + 1705 Intron3 lulnuaq
431943 A1uNUetansi-hilidsn denisnageu
Chi-square il ansa9aoun1sdsundasninud
veeduniearnud veedlulndludszennsin
Wasuwamdeli nansmeaeuanganmivesdy

o

cGH WU 1nauUseYInsN U Ny d wugnssy

L uluauaunavesssa-1idsn (P>0.01)

LAYEDAAA BN UNAYDIA1LENLNDLTTA ATANUIY

(Expected Heterozygosity; H,) ﬁﬁmgjﬂﬂ’iﬂmwmmﬂs

v
=

TR &anm (Observed Heterozygosity; Ho) wanaliiiiiu
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uazauddlulnd (Gene force) 1wy JULUUNTALS
desninensnsgidssdomdsliunigaugfuvy
UapemAunusIsuYId Mladan snauiugiues

lviiinn1snauus wuuldenda (Inbreeding)

uenandenadunaunanngulsznsfifoundn
JedanaliAnanuvainvanemeiugnssd ognsls
finy Yszanslnwasgsnugidiniainumainmane
vosgUnuUSada deaziulsinlulssunsiidniig
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(Panulirus polyphagus Herbst, 1793)
Effect of Live Feed and Light Influence on Survival Rate of Phyllosoma Larva

of Mud Spiny Lobster (Panulirus polyphagus Herbst, 1793)
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Mud spiny lobster (Panulirus polyphagus) is an important commercial marine crustacean species.
Nevertheless, studies on breeding and nursing of mud spiny lobster remain limited. This study aimed to
investigate the effect of live feed and light on survival rate of the early larval stage or phyllosoma. For
live feed test, two treatments were used, which were brine shrimp, Artemia nauplii and rotifer,
Brachionus rotundiformis (n=3). To study suitable feeding period, four treatments which included feeding
at 00:01-06:00 a.m., 06:01-12:00 a.m., 00:01-06:00 p.m. and 06:01-12:00 p.m. (n=10). To test the influence
of light, two light treatments, natural light and continuous darkness were applied to larval nursery (n=3).
Results showed that the survival rates of phyllosoma in Artemia treatment was significantly higher than in
rotifer treatment from day two onward, and all phyllosoma in rotifer treatment had died on day 7%,
while the survival in Artemia treatment was 26.6+7.6%. In addition, the suitable fed period for phyllosoma
larval stage was 06:01-12:00 a.m. While the survival rates of phyllosoma in natural light and continuous

darkness were not significantly different (p>0.05).

Keywords: mud spiny lobster, live feed, light influence, survival rate
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ANSALHUNTSHNY Table 1

Table 1 Treatments on newly hatched larval mud spiny lobster (Panulirus polyphagus) used in the

present study

Tests

Treatments

Live feeds

2 treatments were assessed namely; feed treatment with brine shrimp,

Artemia nauplii (control) and marine rotifer, Brachionus rotundiformis, with 3

replicates per treatment

4 treatments for comparison of period of phyllosoma larvae ate live feed;

00:01-06:00 a.m., 06:01-12:00 a.m., 00:01-06:00 p.m. and 06:01-12:00 p.m.,

with 10 replicates per treatment

Light influences

2 different treatments influence of light on survival rate; phyllosoma larvae

nursing in normal light (control) and dark conditions, with 3 replicates per

treatment
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Figure 1 Survival rate of phyllosoma larvae of mud spiny lobster, P. polyphagus in live feed tests
Different lower case letters above each bar indicate a significance difference at p<0.05,

and error bars indicate mean+SD.
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Figure 2 Comparison of phyllosoma larvae of mud spiny lobster, P. polyphagus ate live feed (brine
shrimp, Artemia nauplii) in each time periods. Different lower case letters above each bar

indicate a significance difference at p<0.05, and error bars indicate mean+SD.
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Figure 3 Survival rate of phyllosoma larvae of mud spiny lobster, P. polyphagus in light and dark

conditions, error bars indicate mean+SD.
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auutagnisdenssrezisuduludwlenseiindu 9

(Francis et al., 2014) Mguayuragnnianseieg
915 MLl au1INNI1INSIE LA NeS waeg19lsAniy

IsilesndetoTnduemsddinidrdydmsuly
(De Silva

(% a a

Tunsoyuiagndmithugeudnuanesi
and Davy, 2010)

nsfnwiadad §edlhiiudngt Tuusas
P2anaiiliomnsgniaiinsiauszes Phyllosoma
anfeaziuemsiugieian 06.01-12.00 W. 11NN
F193879U 9 waz Phyllosoma agfuensffausniin
WwAvegd 13.1+1.5 #1/fu Fefiednfldnsnisiugs
SowSeuilsuiuUnunisiuensideusnilnsetu
vosgndniilunguaiandoudety wu gndwn
wuwla wazgnyiesou Afsenuineyuiasme
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a1s7lleusniing 5 #3/3u (Limsuwan et al., 2009;
Oniam and Arkronrat, 2013) agslsfiny Jaqiuds
LfiaudaauauusiiawarAuAINIlaguINIg

[ Y]

maqmmsﬁ'mmgamm'amimgmagﬂqqmmmuszw
Phyllosoma 714l 91914 peunandsstansiaud
szozanluNSNAIUIA189UIINTEey Phyllosoma
Husvey Puerulus My 7-10 o WewFeuiey
fudfinsAnuilugniaiansslindu (Williams, 2007)
wu fasfansidnd (Panulirus ornatus) fifiseauiy
31N528% Phyllosoma WJusgey Puerulus T91aan
4-6 wiau (Dennis et al., 2001) fwansmu (P. homarus)
14781 7-8 wiau (Soonsun et al., 2008a) Wumu
wenanil gelaifmnudaaudiunisiamu
srorlunsiavyi9e1gves Phyllosoma varsiang
1AW JEINADNITANYIALABINITNLATUINITVDS
andatansiaulussesd 4atatansusasainosd
$1uusEEzURe Phyllosoma fiuansieiu Taenwuin

Y]

N9LNNT Jasus edwardsii, P. pencillatus, P. cygnus,
P. longipes wag P. homarus H31UIUTLILVD
Phyllosoma 7-13 szmdauau%”@iiwz Puerulus
wazluusaszeyvae Phyllosoma veenalensusias
yilafflanudesnisnsaluiunwinuazUsuna
uaneetusenlusnaae (Dennis et al., 2001;
Nelson et al., 2004; Ayra and Cruz, 2010; Francis
et al., 2014) Takeuchi and Murakami (2007) $7849714731
EPA uaz DHA unsalusfufidndudmiugniatans
Fugou uarldannsaadrsdueddsedadlasuan
915 lnglangseur oo ouvon 1ang
P. cygnus waz J. edwardsii ideedin1siasunsa
lediulvifuonsfidisusnilnneuinlueyuia aenndes
U Abrunhosa et al. (2008) i51891U31 v
Phyllosoma v@4nedans P. echinatus fleg 8 szee
wavdeyuIanlge1IMilles il nesuuasy

(Brachydonts sp.) wazwainmnouny (Dunaliella

(%

viriclis) gnisagldiatuszanas 7-10 Tu Tunsiawn
wiazsrey §ededfiniswmuszed saa5a
lesangnisldiuuTinuansemsiivainvatgain
91157 Aud U nsdnwiuamialauinis
fimunzausonseyuiagn wlanslausyes
Phyllosoma Tuusiagyi9ssuensor9e1e §3a3das
Anwianumanganvesnisiaunsalusdui sy
Tfuenifisleusnilniiagihlulfluniseyuiasiely
uenand nMsoyutagnialinsiaussey
Phyllosoma luflan1azuasunfifuiianiizuasda
ARUABBALIAT LUTNAMENIINITIBANIE VD
Phyllosoma Gawanslimiuiuadiledadouindey

(%

fidanason13i15983n nien150850Av09gN A
fansauszerimelulsameiin uilumemsetudng
n1seyutagndnduilunguafandouiidamuama
iswgiavindu q wasdolndutadeuindoudidy
AfnanesnIIN1TT0NNIY LAZAITHAUINITTZE
V94T 0U YU Qﬂﬁ:ﬂLLﬁJﬁ”QEJ Penaeus merguiensis
(Hoang et al., 2003) Qﬂﬁ:ﬂmunumlm Litopenaeus
vannamei (Limsuwan et al., 2009) LLﬁzELﬂﬁ:ﬁ
A 1uN313 Macrobrachium rosenbergii (Srithong
et al., 2016) \Judu usnandadesenaniuds Jade
windeuduamnniluszuuniseyutanield
AsAninuIn Anudnvestnilanseuing 29.4-
30.0 i USunaoendiauiiazanelutilenszming
338-0.70 un./Ans gaumgiiinieseming 26.9-30.0%.
audunsadusisvesifiA1sening 8.63-8.68
USurauuenluidysindansening 0.00-0.24 un.
Tulnsiaw/ans lulnsndiansgning 0.00-0.32 un.
Tulnsiaw/ans wazanudusiswesiiansewing
134-180 n./An CaCOs WinSauifisuanadeves
Qmmwﬁ;’]waazwws']ﬁmas‘mauwfam;mmsmaaa
WU ﬁ’]ﬂmﬂﬁﬁ/\l‘f’lLLG]IaS‘WWi’]ﬁLm@ﬂijﬂmﬂmmﬂﬁhx‘i

N o [y

uegrslideddgmeaa (p>0.05) uagAAmuAINI

<

98



Journal of Agri. Research & Extension 40(2): 91-102

wianflegluinaeifivangausenisansedinuazns
wgd eedndunvied ¢ lnsanizdadunlungy

AfayuIEneTINneNlansale (Zhang et al.,
2020)

d3UNan33Y

HAaN1seuu1agnn sl eNslause ey
Phyllosoma Agnsidensviileusnilnilenssennie
9@ v sninnseyUiasaelsAwies Tnegnd winsiay
sveviinueniidewsniinaede 13 f/u wagnuin
Yasainanan1sfiuemisvesqnissvey
1ny Phyllosoma Aue11151ut 291987 06.01-12.00 .
WINNTIa18 U 9 warnudwasnieldssuy
Tsomeiinldletadoundoniidmasnanisisedin
“38N159¢ 59AVIgNATINTAUTLYE Phyllosoma
Gl umninmseyniagnialnsiau

et lUlguselovdludalvniswasdamnasdnaly
AnRnssuUsENA

YoaUAn A5 ATy s Wanthanil
Aeusvaeanmt Ak uusilumsdidunide
wazasrkd losuiToauadaauy a8 el was
YBVBUA MUK YILANEAATIANTIANT 1ATENIY a1
welladmawnzdederih susmalulagnainues
waztnAlulad e naIMNITN ANIINIS8I194g
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Effect of Calcium on Coagulation and Precipitation in Extracted Sugarcane Juice
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Sugarcane juice clarification is well known for raw sugar production. The principle based on
coagulation precipitation of soluble solid and sedimentation to make a clear juice. Aim of this work to
investigate the effect of calcium on pH which affected coagulation precipitation of extracted sugarcane
juice. The sugarcane juice was incubated at 75°C, then lime saccharate with various calcium hydroxide content
was added for adjusting the pH of the juice solution. The sample solutions in the range of pH 6.5-8.5
were boiled and kept for further analysis, comparing with the control sample. Regarding to the
experiment, the sample solutions with pH 7.5 or higher was an appropriated for 321 meg/kg phosphate,
phosphate removal 90.9% and turbidity 0.013 abs with less sucrose losses. Moreover, the results of the
FTIR profile showed that main species of calcium phosphate compounds and calcium carbonate were
accelerate in lime juice. Although the particle size of suspension in the sample and control solutions

were similar, this profile was not detected in the control sample.

Keywords: sugarcane juice, coagulation, precipitation, calcium phosphate, FTIR
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UNANEa

Aszurunsyintauteaslunisnanuinia
mmﬁmﬂuﬁﬁﬂﬁ’uﬁ PIAYNANNITIUNLNOUVBDY

YT ara18lui1s ey kAIVINITANALNDULA

v
a @

ihdeslasenun lunuiteiitngUszasditofinw
HaveILAaLT R pH §aflnason1ssunznou
vosudafinnruasslutinden Tagldiindosungu
fgaumgil 75, uaziAulasiuenas Jedunaiden
lansonlafidussdusenou ifousu pH ideslio
Tug29 pH 6.0-8.5 910y ularudeuaunsei
Udesiien urazasazatofiiegei laluifiu
ievhmsieseiiTsuiisufuaisasaisaiuay
MnNIsAaBNUIn Fretanngeed pH Faus 7.5
eanedmsunisiunzneunlealnil 321 un./nn.
mdaneaald 90.9% feranuguindos 0.013
abs lagnunisgaideglasaludTuiuien
vasLierfunanluslidienilosns Uity
asazarviln1sinalIndnvosiaatfuun1suoLue
wavuaaid suvoan wilinulusegaides
AUAL UIIITUINBYNIALA BUDIATTUYIUADE

Talumnenanu

AdnAy: 11998 NITUAYNOU ANRENDU
asusenauwAaLdsuaaL e
waidaianisgandunasneienilleais

AU

998 (Saccharum officinarum L.) 4 maeﬂu
23Ane)1 (POACEAE %50 GRAMINEAE) uazagluisd
go8 PANICOIDEAE lunszuiumswantinaansigfu
InsoeiinunszuIumsivataldiiuidessu
flvowwdsfiazaraluusuna 15-17%Brix InaUnf
fiduUsznourasansaransuniaglaga 78-89%

wavansazaws udilildvinna weililuansazane
A5UvIUARY wardasnoaaes Tnsduneunisinla
Hunszuiumsanazneudadovu vilvideslauasil
AuUIgVEIINTY v lundninialuduney
soly Tnenszvaunisilaidosdomduyuann
naslutindos fdo3onunayid Iaun nsyuiunis
vinlauuunean ey (Phosphatation) A1sluLugy
(Carbonation) Falwadu (Sulfitation) LagimniATy
(Defecation) (Istifanus, 2015) 357 deuldfufu
daulvg) Ao nszvumsvnlanuuiagy vilalnenas
%guﬁmuﬁaﬂ%@ pH thdas uaiiuasismnazney
ﬂﬁjﬂwaam%ﬂmﬁ (Polyacrylamide) (Doherty and
Edye, 1999; Poel et al., 1998; Simpson, 1996) Uf)A3en
wildAgy Ao nmaieasUsznaulpsuaalBuunoaLe
(Calcium phosphate) ﬁ‘ﬁﬂiza}qmnﬁmmzmﬁ
fifiusegaulutdes Idun wils Wiy dadevu
Fuvuastluthdes wu Wiledos fiu nse Hudy
ﬁummaqmﬂmﬂauﬁiwmsﬁuLLazﬁﬁmﬁfﬂmﬂauqﬁu
Jzugneeanu19ningas Tngansisinnaynouruan
wseRsinvesansuviuaseluthdeevilinnnzneu
L%’Jsﬁzju (Thai et al., 2015; Eggleston et al., 2012;
Doherty, 201 1; Zaeib, 2004; Poel et al, 1998)
33159 u 9 Iun 35nean ety uilidemd eaae
Aol nsiunsaneanssn 35asluiuduld i
arsuoulneanladfunszuiunisanAdung eu
Jeulddmsunszurunisuaniiniasivyg uas

3
Falwadududnsidun1uzau (Sulfur) 935

5
i
Uszindalny lngd1dnauamenssunise sulay
inmansevestseimalng lészyeg1adaiauin
Tsasrundauirmansiennlssuldonidnld
“@nsnenvia” SLU"UJUME)Uﬂ’IiNﬁW‘U@ﬂﬂi%ﬁmﬂl‘ﬂﬂ
unFaudl w.el. 2547

nszvIuAsYlaLuualaty vilalaenis
WAy uwna (Calcium hydroxide) naufutng oy

figamgdl 75°. uazuiu pH 1eglutae 7,578
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wielhAnmzneulnsueaeymeoas UazlIIUIEUIN
Y04nrnauiiinanuaaldendeny (Ca®) agieen
'3'&Lﬁaﬂuﬁﬂuﬂiz@mmimﬁﬁu (Eggleston et al.,
2012) 9nMsEnwTiHIuInUI Usganiaamnisvin
Tadeniigs mnuguanas Wediusinumoansly
vhdeeliitosnin 300 fiadnSusienlansa (Doherty
and Rackemann 2008; Rein, 2007; Khotaveevattana,
2003) 7141 N15F nwIve Eggleston et al. (2012)
WUI1N15UUNS 0T 657, U 15 Ul uazifu
asagatsinyurnindsuainasazaislausa
A1L3 (Lime saccharate) 98 uuszansaamnis
anaznew esndunailfendesudasyunnituag
mimamlaﬂmmLiwﬁ'qquﬁmuﬂmqwumi
LﬂﬁsuLLUaaifwmwasgIﬂsalﬂLﬂuﬁﬂmaﬂqimuaz
Wsalnaludiurades (Eggleston et al,, 2002;
Steindl, 2001; Eggleston and Vercellotti, 2000;
Honig, 1963) HdmATenuinmaUiu pH LeNENAUY
iliiAnarsuszneunrai@ouneavnluaisazaiy
wagA1Ane Wi A2eun1An 197U (Thal and
Doherty, 2012; Chen and Chou, 1993; Crees et al.,

1977)  ufunaunannansusenauiiting usswing
‘lfllumauﬂﬁﬂﬁ@ﬂﬁﬁ%ﬂﬂ%@umaL%E’J?,JLL&BWE]E{LWG]
(Berzina and Borodajenko, 2012; Greenwood et al.,
2007) uagnuinduwnounelnsadsingjninthdes
’quau (Thai et al., 2015; Thai and Doherty, 2012,
Thai et al., 2012; Doherty and Rackemann, 2008;
Doherty et al., 2002) \fleU$u pH Wrdoeidu 8.0
Fenamudoouveslanzavargnaunaelunges
laidunznauueneenu (Thai et al., 2015; Doherty
and Rackemann 2009; Zaeib., 2004; Eggleston
et al., 2002) wagdn15ANEINUIN pH Vo9EITaYANY
581719 7.0-8.0 9gIMUs8 HPOZ Mun 38 HPO
( Doherty and Rackemann, 2008; Johnsson and
Nancollas, 1992) @anndesiun1s@ny19ed Seliem
et al. (2016) (Figure 1) wazludruansazaneiilyly
dmaiidenslluhdes sooulansinnaznouayay
unzniy (Scale) mwﬁﬁaqﬂmaﬁuaﬂLﬂ?{aumm
¥ou sminenszurunsiustmenseadutigex
MLAEIAAREN LLaza’amasiaﬂmmwuawamﬁmﬁwma

7N519AU (Phakam et al., 2018)
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Figure 1 Fraction of phosphate species at different pH

Source: Seliem et al. (2016)
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aaa =

waalBgunaanIINURATe1v0uAaT e
wagvleandsduarsuiansluseduiosujuinng
aNNSANWIAWATRQUNYN war pH revilnans
AAeTu TnenuinmadayiSeinsudnesudunsnse
arunlnsalad (Fourier Transform Infrared (FTIR)
Spectroscopy) Iussﬁugmﬂﬁuwé’muumﬁLasuﬂ?i'u
Tua 19 560-1100 cm™ WUN1TAANG ULAIYD I
a1sUsznauuAaunaawe Tauin1sAnwinuia
mi@mﬁuLLawaamsUizﬂaUﬂﬁuaLumﬁaauﬁ 1a%
AAY 850 uay 870 cm! (Berzina and Borodajenko,
2012; Paschalis et al., 1996) 1a g Karampas and
Kontoyannis (2013) W‘Uﬁﬂms@mﬁuuaasuaqmiﬂssﬂau
Tounad sunednn lalawnse (CaHPO,.2H,0) 7
oH faus 6589 85 7aundw 987 cm nudin
n1saAndusasvesasUseneulawaa@ounaan
(CaHPO,) 7 pH 7.5 fiaundu 906 cm™ wasnufia
n1sganausasretasusenaulasuaadeuaais
(Cas(PO,),) Faug pH 7.5 §9 8.0 havmdu 941 cm’!
(Meejoetal, 2006)1uﬁuzu817i Berzina and Borodajenko
(2012) wuarsUsgnauvlansendarnilng
(CaglPORLOH) 71 pH Wieniiu nuansUszneuwaaid o
Woaalutdossrans (Synthetic sugarcane juice)
(Doherty and Rackemann, 2008) LagNuA1S UBLUA
Sooufiniufl pH 7.5 uay 80 AANsimenguiuYes
vosudsfiazanglutdesiifivszauunniziusey
vanvasbasuAalsuaan inanyuzUfisen
Weuseszninawraifaudosuturloana (Calcium
phosphate bridging) (Eggleston et al., 2012)
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Usuaasiiegluindes Tnenivinaiiliaiunsald

fuaasgIU BRI SosnaLY vz
waziiganedmiunsrusumsylaundssuuuiandy
voslssemiinald warersamisoldiduaing
fugudmiusesesfnuise Wleusuusaseanaam
nsguIUNIHARlugRaMN TR AaveIUsEmlY
soluluaurnn

guUnIalLaEIsNg

froe1adosan gnuniienydes 10-11 iieu
Huifeafesodalufeusinau ganiandn 2561/62
194159971u11A78 VSN TIUNYAINTEAAIMNTTH
$1itn (5391u ©) snnenifer Saniadugd Anu
NsEUIUNITAVAN AR Tz UL Y (Diffuser) ba
ihdossmiigungll 38-40°. uazdeglasiuen
AN lerannnnsim3 nlaeyuu1ang (Calcium
hydroxide) w3smduiidudu (Milk of lime) snwe
futhidion Raw syrup) tharl#iduingAvlumamnaes
TnoA mnmud oed U waroama 321 un./nn.
(ICUMSA method GS7-15, 1994) @1 %u3 Nt 16-18%
A1 pH 5.3 wazaunnladuganisn da1 %uindg
38% @1 pH 11.5-12.5

thetmindesiiiuinulugusudenazans
LAINTDINILALINTIAPUGE YWINFAZUNTE 100 Mesh
MntumhenmnTessium 8 ans fenszuen
ANVUIA 1 GRS Qu‘tuéwﬁﬁaumuquqmmﬁ 65°%.
w15 Wi (Eggleston et al., 2002) 2ntumIesIe
nszuannevuin 1 ans ldludninesauin 2 das
F1uu 6 Jnines urdninesdlednsluliaiuion
vualii auaugangividesdmiunanlas
WIAALSN T 75°. (Thai et al,, 2012; Doherty et al.,
2002) U5U pH sasnisiduladuganiisnlunnas
Jnines 1u 6.5, 7.0, 7.5, 8.0 uaz 8.5 MNaU uay
Tédaegsiliidnlaiusannsniduiiegranugy

Wiauseussaunsenalidesinen lagamuaunsii

106



Journal of Agri. Research & Extension 40(2): 103-116

anudousn 75%. aunseiiingesiienneluian
3 U (Eggleston et al., 2002; Steindl, 2001) soM
Woagu Tduvawdaniudiegraduranan wudie 5
59U AUV 5 59U wuaAudegradu 3 dau
sof1 pH ldasluraanaradniiufegrmudeuiie
iluitesgsinanin Tasdaetefisenismaasy
luiiusnunlugududs -20°0. lnelin1simsien
A1 pH KALAIAMAINANA 9 il

1. 3131294 pH Talaeias esiiiovdines
(pH/m\V/Conductivity meter 5 W EUTECH INSTRUMENTS
PC700, Singapore)

2. AnseiUiavesudafiazansls 9B
Taoias aaTauing 0-95% (Auto refractometer
SCHMIDT + HAENSCH)

3. Tinswiuiinatmaglasadieisnig
wninwaslnanlsiedy (Polarization) Tasia3 a4
Inan3dwes 0-100°Z (Polarimeter 33 POLARTRONIC
NIR W2-SCHMIDT + HAENSCH) 814843501511915514
ICUMSA Method GS5/7-1(1994)

4. Jreiviiamaglasa (6Sucrose)
uraranglaa (%Glucose) uazumnansalna
(%Fructose) sewa3nsdlo High Performance Liquid
Chromatography (HPLC) lneldmoduil Sugar Pax®
fignumadl 80°w. annzmasLfusietie 4°. Mobile
phase 1% 0.05% Calcium disodium ethylenediamine
tetra-acetic acid 716n31n713a 0.5 wa. i uazld
Refractive Index Detector 8148435 n1511A531U
ICUMSA Method GS7/8/4-24(1994)

5. AATzRUTINaLAaITeN (Calcium, mg/kg)
Toeps asile Atomic Absorption Spectrophotometer
(AAS) SqI‘LJ FAST Sequential Atomic AA280FS, VARIAN,
Agilent, USA 9148435n15110155114 AOAC 968.08

6. Ttas Iz UTU IUNDaLNA (Available
phosphate, mg/kg) lninaila Blue Colorimetric
Phosphomolybdate Method TAN159 AN ULLE4
7i 600 uNTuLLAS Fa8LA3 09 UV-visible Spectro
photometer iq'u Evalution 100EV1-153883, Thermo
Spectronic 8198935n1511M 3§11 ICUMSA Method
GS7-15 (1994)

7. Aesgiusunanls (Starch, mg/kg) 1
Fr0g 19118 euunnayneuut a5 e 95%
nsesnznou U1tUAUA YU 40% Calcium chloride
nsesdmlaviuATewindiu Potassium iodide wax
Potassium iodate Tuan1aefifinsnezddin Taen
ganduuasd 720 uiluas §198938M5aRsgIy
ICUMSA Method GS 1-17 (2013) wa¥ Laboratory
Manual for South African Sugar Factories Including
the Official Methods (1985)

8. TLAs1eRUS U LA NFLmSU (Dextran,
me/ke) Yrimeg19i1desunse sudiiuieules
arluaa Uufl 90°w. wasihansazanwdnlannpzneu
78 Absolute ethanol '?mm@mﬂ%mmﬁ 720 WILLAT
9198935N1511M 351 ICUMSA Method GS 1/2/9-15
(2015); Clarke et. al, 1987, Eggleston and Monge,
2005. Modified Alcohol Haze Method

9. AtAs1zAd (Color, ICUMSA unit) €1
Fregeindasunses Usuan %Brix Ingldunndu
HRERK LLazﬁwlﬂi’mﬁh@Jmﬂﬁuumﬁ 420 uluLunS
#81A5 83 UV-Visible Spectrophotometer 47
AUINATE 81989350150195511 ICUMSA Method
GS 1/3-7 (2011)

10. AAsIeniAIAINY (Turbidity, abs) 141
feguidesiadnisganduuasit 900 uluwins
feuAs 89 UV-Visible Spectrophotometer 81484
3/N151195574 ICUMSA Method GS 7-21 (2007)
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11. Tins1gsivuineunialade (Average
particles size, prm) thifeenindoe Yammaymelusedv
lulasiuns (Micrometer) A aetnail A Dynamic Light
Scattering (DLS) FeLp3esiAsIZei Laser Diffraction
Particle Size Analyzer 3;‘14 HORIBA-Partica LA-950V2
(Kyoto, Japan)

12. Tiasigvadng ldWiee 1 (Zeta
potential, mV) ¥rfaog 198 peuuulyiioans
Faa1seia3 09TiasgsiUszqlalfiin $u Malvern
Model Zetasizer Nano ZS Instrument 8198435015
f14 Thai et al.(2012)

13. AasigiiAnisin i (Conductivity,
mS/sec) TaLas o4 (pH/mV/Conductivity meter
51 EUTECH INSTRUMENTS PC700, Singapore) 8138 9
A5n150195571 ICUMSA Method GS 1/3/4/7/8-13
(1994)

14, T1A5189N1TAANAUNSIIUVDINY
Wanduansusgnouneainn laawnaila Fourier-
Transform Infrared Spectroscopy (FTIR) 19§ &4
frethilagszivethesniioiiunnududuvesans
7 60°9. u 4 T2l unaunuyALe1InaY
ANy 4000-400 cm™ laewnn 9 4 cm™ yiATARAU
60 AU Fene e Bruker Tensor 27 FT-R Spectrometer
(Ettlingen, Germany) wazldlusunss Optical User
software (OPUS) 7.5 Tunsuseanana

nn1snnanedl TeyaatnuaTiATIEY
Fr0e19 Sruaufiogsay 3 91 lusiensiesed
1o 180 13 azihlunianudunusiu pH lag
WisuLisuAuLANA1909A 128 8091081
AUAN LagAUTU pH wansnafy daelusunsy
Statistix 8.0 A1UIUENH ANOVA analysis las35ve3

Tukey’s mean test N5AUAMNLTOIU 95% (p<0.05)
NaN15ILAZITAl

nMeasunIeuieg1aingoslaes
fegnindesiiudu (fet1smuam) a1 pH 5.3
Javun 6 fegns 9 ax 1 Ans thlvguliaudeuly
a'wmuquqmm:ﬁﬁ 65°%. U1y 15 undl antudia
gamgithdondu 75%. uaniiuladusanisniile
U5u pH 10u 6.5, 7.0, 7.5, 8.0 waz 8.5 1dUSuw
TadugmaLsne 4,6,8,10 way 12 Ua. MUAIAY
Taudeusosunseiningoaion Wisetdluv
N153LATI8NAY09 pH 3nn1stAnladuganisy
ReUsunaasararetnafiiluinges Lanaves
oH saUsunmEsaranetmalutis oy fanandly
Table 1 wave9 pH favsunaansildldiimauas
Snvazvetasuvivasslutnges nan1s3AsIve
%yjﬁﬁﬁsﬁu‘uaﬂﬁ’liﬂizﬂmjLLﬂﬁL%EJiJW@ﬁLWGISLuﬁWéJaEJ
menadla FTIR
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Figure 2 FTIR spectrum of calcium phosphate composite in sugar cane juice

navasnshuladugansm fidide pH wazuTuu
snsazanetnmaluiides
nn1snnasaAnladuganLsn pH 11.5-
12.5 anaidudu 38%Brix nautuindasigaumai
75°. dlugaliiion udnhlunsatnusinaninia
Ienasauansly Table 1 wuiniledn pH venidos
Wity e pH VBT wazifiuduuanseiy
gt 19T W ud A yn19ad i (p<0.05) 1 0au197n
ansazanupadedlansenlesiiludiuusznauves
TadugpmLsnuandlmduwnafendonu (Ca*) wag
nyjlensenda (OH) danall pH Tuansazaneiaig
Hushanntu defiersanasavanetomaluiides
WUIIAIIULTNTU %Brix U8A 198195 A L 88N
Fregemuau Felinnuunnsiieiuegisiidoddry
N19adR (p<0.05) Tnefegraindaeiifinsivlad
WBAAILSNT pH 7.0-8.0 A1 %Brix Laiwans19fiu
Junamarnidulasdueaaismfiat udwalsien pH
Wiy uavansazanedldudenisivladusaniisy
Aewduglasaluiides annisiasesian %Pol
PH 7.0, 8.0 waw 8.5 wuirdientosninidesaiuny

wazAlduanA19A U pH 6.5 Lag 7.5 uenanniuu

nslimrsoulumamanosilaiiunisgaudetma
ylasaunidn (Eggleston et al., 2012) i eruaa
ATAIU3aVETeat0saINAT %Pol WUl pH 7.5 3
A1ganIdegeAIuAN warlnalAesiuiu pH 7.0,
8.0 way 8.5 Tuvazdl pH 6.5 way 7.0 IndiAseiu
fheganun Ssazituingle pH faud 7.5 2wl
AuUIaVE gandnidesmuau Wunaunainns
AnaznauvesLAnIdsuoaaidaulutndoy
ylauuianiiiinty luasfertunauoenis
AnsieraunIney HPLC Tuansagaiy pH 7.0, 7.5,

8.0 uay 8.5 nuiUTinanaglasaliuansineiy

A a

dlofiarsanuiuuthnanglaa wyelna uaztioma
3534 dnansmeasdlulufienmaientu wazwuin
7l pH 8.0 fUsumna3iagves naa1nnIsh
ihanaglasadenaaistion 9 pH luszdunanads
segau (Egeleston et al., 2012) wannsnaaesii

UsuamaglasananasedeiddedAynieais

a

1 pH 6.5 w19nA08195 uA UYL aUA Y
daavu Ndwavily %Pol dAgendtnaveanisin
USnauglasane HPLC
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NaYes pH AeUsurmarsazanefilulyinnnauay
Snunizaznaufivuiuassluindes
INNIVRaBIILIUINUSINaladusaAILy
finasie pH wavUSinaasavanetmaniluides
w2l u ludruvewwanoUs e savatedildle
drmnawasdnvazaznoui wrauassluides
wananslu Table 1 wui il eviuansazanelay
ARSI ULenaIN pH T uwE? USinames
weaidoy fuunldufiunind uandes1sniugy
faust pH 6.5 uduly Tnedinuunnsiaiueded
Hod1AgyN9ads (p<0.05) TnenuinuTunauaadey
Tiuwandnsfudonn pH i 7.0, 7.5 waz 8.0 119N
msiuasazangladiuanisniafiuunaidondeoy
(Ca?") acluluhdeeiu Tunsnsetudrunuda
U%mm‘V\IaaLWms[,wf']é”aaamaqmaﬁaaéwmmu
faus pH 6.5 1Juduly Tnsusuaveaniianas
gonnapstuAuUasIfunnsidnUsnuneavinly
ﬁaasmﬁ;’]é’aaﬁl,ﬁuqﬁu Fawuil pH 7.5 WHuduly
ausanidaneanlauinnii 90% (Zaeib, 2004)
doand et uAIAINY U Tuualduanaseg e
foddnyneadf vedludiudranuguiianasdy
wuanlddanuunnansiueg il dedrAgieada
e pH 1w 7.0, 7.5 way 8.0 Wwieatufy
Wesiiudnsmdnanuyu tnedl pH 8.5 fdan
Yugegad 59.3% Fudunauannaiaufazen
sewhaumaeutureansludesluansidusg

Jefiarsanuiinuansazaneiildlyiinia
fifluindosldun Usautl wuindlosn pH geiu
Unaudsduunldudiuiuandegsaauay Tasd
pH 6.5 kag 7.0 daldunna1sdiusg19iidudiny
n9@d i Tnedn pH @ aus 7.5 Saanuuansaty
dHounnnisazansvesutuumniule pH gedu
safunshiauseu (Seliem et al., 2016; Doherty
and Rockmann, 2008; Eggleston et al., 2002) Tunng
Ferfuusinandndunsuinulndifsstutiuiegis
aue (esnisliienutou 105, esuthdesli
oraanBnmutorauvislunguiiasafnuasud
yilviindesldiinindsunlasnmuninszaninanis

2 o Yy 1 & o a o !
LﬂUiﬂHWIu@LL%LWQWQﬂAWQJN -20°. 1u531/1'3'1\738ﬂ’15

v
v o ¥

naaeu Imguninislrauseunuiiesetiniadain
UAATenuaanda 91ntana3aad sazninozdly
Tunsneassinuidvenidesiuwnldilndideiy
fuddangniuay TnewdeIsuisuanuuansng
fun1eadinuin 7 pH 8.0 fAdganin wazdi pH 7.0
feddounindiaegumuaudadunaainujisen
waandnindos @enadetuUSuNaUnaIRAE
Inuat 1R Ui inswasunlasios esaens
naaalin1sAIvANg unlUuNaIeY TnaNlay
wwaAtsn wazansalunisiutdesauionlaiiu

5 Y
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Table 1 Effect of pH on total soluble solid, soluble sugar, soluble non-sugar, color, particle

size, electric potencial of colloid in sugarcane juice

Analysis results pH 5.3 pH 6.5 pH 7.0 pH 7.5 pH 8.0 pH 8.5

(control)

Soluble sugar

pH 5.20£0.01"  6.43+0.00F 6.84+0.00° 7.23+0.01°  7.73+0.01° 8.20+0.01"
%Brix 17.36+0.07"  16.86+0.37°%  16.63+0.025¢  16.66+0.08%¢ 16.69+0.025  16.51+0.02°
%Polarization 14.49+0.06"  14.17+0.28" 14.02+0.03°  14.31+0.34"®  14.09+0.01%  14.07+0.17°
%Puttyby poaization!  83.45+0.66°  84.05+0.18% 84.32+40.11"% 85.85+1.62"  84.42+0.04"%¢  85.22+0.92®
%Sucrose 14.26+0.45%  11.12+233°%  14.32+0.04"  14.15+043"  13.18+0.07"  14.28+0.10"
%Glucose 0.81+0.02"  0.59+0.10° 0.79+0.03" 0.78+0.02"¢ 0.67+0.095 0.78+0.02"
%Fructose 0.76+0.01"  0.49+0.15° 0.75+0.02"®  0.69+0.02* 0.62+0.07% 0.75+0.04"8

%Purity by sucrose?  82.13+2.15"®  65.85+8.31¢  86.13+0.10"  84.91+1.42"% 78.97+0.20°  86.48+0.35
%Reducing sugar’ 1.57+0.02" 1.08+0.24¢ 1.54+0.04" 1.47+0.03®  1.29+0.15%¢ 1.53+0.01%

Soluble non-sugar

Calcium (mg/kg) 333P 480°¢ 5408 5418 5658 6374
Available phosphate 3214 1688 82¢ 29° 158 8"
(mg/kg)

Turbidity (absorbance) 0.027" 0.0178 0.014¢ 0.013¢ 0.014¢ 0.011°
Starch (mg/kg) 482° 480° 565P 806" 7345¢ 975*
Dextran (mg/kg) 2,596" 2,661" 1,478¢ 2,461"8 1,7215¢ 2,640"
Color (ICUMSA unit) 15,3095¢ 15,3845¢ 14,921¢ 16,168 16,825" 15,339%¢
Average particle 1194 1078 104° 117 114" 115%
sizes (um)

Zeta potential (mV) -4.204 -4.86" -5.04%8 -4.97 -4.33 -6.258
Conductivity (mS/sec) 4.17¢ 45748 4.428¢ 4.448¢ 4528 487"
9%Phosphateremoval® - 49.5F 74.6° 90.9¢ 95.28 97.44
9% Turbidity removal® - 37.0¢ 48.28 51.98 48.28 59.3%

A-F means with different superscripts of soluble sugar or soluble non-sugar are represent significant difference (p<0.05).
L 9Purity by polarization = (%Polarization/%Brix) *100

2 %Purity by sucrose = (%Sucrose/%Brix) *100

% 9%Reducing sugar = %Glucose + %Fructose

9% Phosphate removal = (Phosphate initial -~ Phosphate after)/Phosphate initial *100

5 9% Turbidity removal = (Turbidity initial — Turbidity after)/Turbidity initial *100
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UBNIINNAVDY pH ABAMAINNIIATULAL
hmavesihdesfindrilutreduuds wWernhsesly
NAgaUNIIAIUNIEAINLaEN el veseunIa
I&un surneyniargneui uuiuasslutdoy
Ardngliiedni drounia uagainisialldn
(Table 1) nuiuwlduveswuineyniaadsifiuiy
deduladusaansnidiniu denisudeunisads
WUl pH 6.5 way 7.0 Tvunadnnindeganiua
wazhans 19N ueg 19 W ed1A Y n19adf (p<0.05)
Tuvauzd pH 7.5 WJuduld fvuadnniiudlndifies
AudegemunuiazruinoynAliLanaiy Fal
vurnlng n11nan15@ w1999 Thai and Doherty
(2012) ARnwnuIvUIREYNIATesind sk
mMsguFourielinuaaien dvuminde 40 lulasins
TAIIUADAAA DINUNITA NYI1UD9 Eggleston
et al. (2012) finuidlelianusouthdesnanyuan
AgunnAg99z1AnNI1599UNg NYBIANTHYIUADY
Turhdesuluszninafnansusznoulnsunaides
woawln vhlFumeumaTangufuazdivualg iy
Tnawfiofiansanardngluiadn (Zeta potential)
WUl pH 6.5-8.0 A laiunnsnaueg1edodfy
nsadAduiaegsmiunu Tagfl pH 7.0 uag 8.5
frldunnaneiu uadaruanansiuiudiegiauny
lagnuiArdng i e g i uladuganiism
firgendindtegeatuau Tuvueidediu A1nisin
1w (Conductivity) 7i pH 7.0 uaz 7.5 ldunnsneiu
FuR29819A70A N YEdl pH 6.5-8.0 kAnsi1afy
fudleg19nIuAulagilr1gIndn uag pH 6.5 uay
8.5 LUuANe 13U W wANe 1A UA20819AUAY
Tagwudrainisi bl vdaduladusaniism

fiA1genInfegemIuAY

Navas pH AavyHeduvasarsusenavuaaidey
Wosmnluirdos

91NA5A NI WU LS ReT TUS U
woamnnusssuyAIina 321 un./nn. 1egn
U5 pH e mi3ududl pH 5.3 10w 6.5, 7.0, 7.5, 8.0
uaz 8.5 Wisuifutuiedsirdosaunu (pH 5.3)
Ha31n FTIR profile (Figure 2) WUNANIIAANSUUES
99aN5UTENBULAAITBNANTUBLUR Lazd1sUsEnau
waaldauloauln s pH 6.5 uduly Tngazny
N1SAAEITUTENOULAALT BUATS UBLUAINNN ATDY
A1SUBLURDDaUTIlaYAAL 850 cm! WAy 870 et
yenanyusanuanslsynevlaunaifeuedisin
fiavady 906 cm? asuszneulasuradouading
fiavedu 941 cm? ansuszneulaupadeumloawin
lalownsn wazarsusznevlansendeosnilngd
La%ﬂﬁu 987 cm™ (Berzina and Borodajenko, 2012;
Meejo et al., 2006; Paschlis et al., 1996) lagan
ﬂ’liamﬂﬁuuaqﬁwuﬁaﬂdnmmﬂﬂ’limaaﬁ%’w’ﬁ”uﬁ
wiliinunisgandunasdandaludaod1nides
AauAs 1909 pH Tutindosumnsnety (dunals
dadruvoinalfuuseneann (Ca/P ratio) Lay
wlindoaumsusluaLazadlnLAnAIeiY Bliie
@15U5¢NDUYRILARLT BUATS UDLUALATLAALT Bl
Wodalam19vianu (Seliem et al., 2016; Doherty
and Rackermann, 2008)

d3UNaN15738
msiuladuspnansnidueadeulansanlan

aslutdesuenannyisusuan pH Tigu el

a ) a A v g 1 T dl '
Lﬂﬂﬂﬂii?mm’sﬂlaﬂa\‘iLQ@UHWIMI‘UUW@Wa%a&’aWUE}Q
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Tuides Tnslanzviujaserfureaaiay
upaLBeuanYAsIg 9 %qﬂszqmmﬁvﬁumﬂ%
Frefnoduievuiiiuuszgavinsandaiu il
arneuflvurlngiy uaznzneuirdesvunidnan
$ruauas waviile pH WP uaansaisanean
IifinTu Tnensnaaestinuindaus pH 7.5 @se
Mdnlanunael Ao 90% dwralinuyuanad lag
Wuidl pH 7.5-8.5 ananuguldlaiunndnafuegied
WedrAgynisaia aiu pH 7.5 Wueilanzay
Tunsususinansiuladusannsnluindesis
USunauvleama 321 dadnsudailaniy wszAdn
woaualdganazindesiauguanas mnldida
woawimeanlUlsldunniianluduneunisuamidon
fulasiuennnsn Usinaiivasndedinnliuindes
ArdsnanonuAINANUTaNEvestden waniin
avaumznSuiifuRuaniUasuaudouvemiody

WAl 1 uag 2 b

JolauDuUL
Snvazmueivenidesiiidaievudilile
vana sinasiimnunainvansuaswuldlulsunm
Auansneiu ilosnanunasinnvesingiundndes
Faduivrauladinwneeluin mnlSunaveamnds
ogluthdesmusssned uazdeiiovulutidos
UANM 19N Y 2@ INAN DNITIINAIANALNDUY
Tuthdesetilslusyninainnisidenloslasgae
wpalguuneaLWa (Calcium phosphate bridging)
wavasau 9 SLuﬂwmummﬁwﬁwé’aamamﬁuma
Aouf azLiuansisIn1sAnAznou i aldarunsa

YSudsauasauinisiinnenau 999 deLiy

[
=

UsganSannszuiunisyiladisseleneed

ARRANISHUTZNA

H3T8v0vaUAN AUIUTANTTULATNITITY
1p5Na angauUszAuAuAINLALIAINTIUNGNIY
T5991u ngutAIadngke LAETDIMANTIANTE A3,
algnius daensyd a1ndvnnalulagddinan
AMERRATMNITUNYAT UN1INYIFBLNYATANARS
1 o Tenadl uagnasunsidedidudiunises
nsfnwszautudiafne (Usaain) lealdsunu
atuayun1sdnwinieldlasainiswauiinidenas
iAduiilegmamngsy (W2e.) (s%ayvu MSD60I0060)
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Enhancing the Production of Premium Thin Brown Crepe Rubber from GAP Cup Lumps
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The major objective for studying the production of premium grade thin brown crepe (TBC-P)
from GAP standard cup lumps was to encourage farmer groups to produce high-quality crepe rubber.
This study selected a specific sample group to investigate the working results of GAP-cup lumps
producing farmer groups. By analyzing economic value, establishing a scientific standard of TBC-P for
reducing controversy from visual assessment, and connecting the market linkage, the study found that
farmer groups producing GAP cup lumps were able to increase the average annual yield by 20.28%. For
analyzing the economic situation, the study found that the investment of TBC-P had values of NPV
greater than zero, and those of BCR and IRR were more than 1 and 79%, respectively. These indicated
the worth of investment. The standardization had set the values of maximum contaminants or dirt at
0.05%, the minimum initial plasticity at 35 unit, and the minimum plasticity retention Index at 65 unit
allowing tire manufacturers to accept and trust in the quality of raw materials. These creates added
value and enhances the production of TBC-P toward sustainability for the rubber farmer groups in the

future.

Keywords: cup lump, GAP, premium grade, sustainability, thin brown crepe
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Table 1 Yields and added value before and after GAP implementation of the Nong Sa-Rai rubber

farmer group, Nakhon Phanom province during 2019 and 2020

MY Before GAP MY After GAP Ayield Added
DRCY  Price Revenue? DRC Price Revenue value
(kg)  (Bahtkg  (Baht) (kg)  (Baht/kg) (Baht) +/-(%) +/-(%)
May 19 19,055 20.75  376,715.25 May 20 21,091 18.50 376,895.50 10.68 0.05
Jun 19 22,364 25.15  552,391.60 Jun 20 23,560 19.50 44374500 535 -19.67
July 19 38,160  21.80 809,325.00 July 20 40,162 19.05 744,.899.10 5.25 -7.96
Aug 19 46,722 19.30  874,083.60 Aug 20 48,483 19.05 911,019.15  3.77 4.23
Sep 19 56,475 19.33  1,064,683.75 Sep 20 82,416 21.17 1,697,276.72 4593  59.42
Oct 19 78,493 15.83 1,186,032.19 Oct 20 83,794 21.55 1,772,055.70  6.75 49.41
Nov 19 56,598 16.95  920,209.10 Nov 20 58,622 18.85 1,080,807.70  3.58 17.45
Dec 19 70,573 18.07 1,238,097.11 Dec 20 73,123 20.17 1,440,450.91 3.61 16.34
Jan 20 42,029 19.50  799,663.50 Jan 21 44,257 20.00 873,438.00 5.30 9.23
Feb 20 43,900 18.30  788,483.00 Feb 21 48,091 21.85 1,036,743.35 955  31.49
Total/ 474,369  18.73 8,609,684.10 Total/ 523,599 20.25 10,377,331.13 10.38 20.53
Average Average

'DRC means dry rubber content of the cup lumps. ZRevenue is defined as net sales minus expenses.
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¥
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fle¥eway 30.51 Usznaudumaiigandnd wa. 2562

A niuTugndnaowdu q (Table 2)
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Table 2 Yields and added value before and after GAP implementation of the Phon Thong

Rubber Fund Cooperative, Amnat Charoen province during 2019 and 2020

MY Before GAP MY After GAP Ayield  Added
DRCY Price  Revenue” DRC Price Revenue Value
(k¢  (Baht/kg)  (Baht) (kg)  (Baht/kg) (Baht) +/-(%) +/-(%)
Aug 19 12,661 1937 139,613.57  Aug 20 16,386 20.42 183,612.12 29.42 31.51
Sep 19 16,854 19.74  198,507.96 Sep 20 21,843 21.85 282,599.55 29.60 42.36
Oct 19 21,085 16.70  189,369.50 Oct 20 28,303 22.69 132,525.07 34.23  -30.02
Nov 19 46,026 16.89 182,869.14 Nov 20 60,068 19.84 625,303.12 30.51 24194
Dec 19 50,432 17.51 458,234.32 Dec 20 65,525 19.59 739,524.75 2993  61.39
Jan 20 42,111 19.46  513,930.06 Jan 21 54,621 18.68 585,410.28 29.71 13.91
Feb 20 21,624 17.33  203,593.92 Feb 21 27,663 21.55 244.347.65 27.93 20.02
Total/ 210,793 17.95 188611847 Total/ 274,409 20.21 2,793,322.54 30.18 48.10
Average Average

YDRC means dry rubber content of the cup lumps.

ZRevenue is defined as net sales minus expenses.

IINHANTITANTUIIUNITHEAL1I DU Y
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g19UUTY (Sadudee et al.,, 2009)
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uw/nn. (Table 3)

Table 3 The production cost of crepe rubber with a capacity of 240 tons/month

Lists Expenses (Baht) per ton Baht/kg

1) Machinery and equipment 3,500,000 121.52 Baht 0.122
2) Building, waste water treatment system 2,340,000 40.63 Baht 0.041
3) Wages 3,000 375 Baht 0.375
4) Transportation fee 2,000 250 Baht 0.250
5) Machinery repair 50 Baht 0.050
6) Water consumption 6.30 m> 0.043
7) Electricity cost 31.15 unit 0.115
8) Management fee 800 Baht 0.800
9) Others 0.300

Total 2.096
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NN (Table 4)

Table 4 The results of the cost-benefits analysis of the investment project

Initial investment  Net cash inflows Payback period BCR NPV IRR
(Million Baht) (Baht) (year) (times) (Baht) (%)
10,000,000 63,665,000 1.57 1.07 34,685,873.41  64.51
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Table 5 Physical properties of premium grade thin brown crepe (TBC-P) compared to STR standard

Properties TBC-P STR 5 STR 10 STR 20 Methods
Dirt content, max (%by weight) 0.05 0.04 0.08 0.16 ISO 249
Volatile matter, max (%by weight) 0.60 0.80 0.80 0.80 ISO 248-1
Ash content, max (%by weight) 0.60 0.60 0.60 0.60 ISO 247
Nitrogen content, max (%by weight) 0.60 0.60 0.80 0.80 ISO 1656
Origin plasticity, Po min 35 30 30 30 ISO 2007
Plasticity Retention Index, PRI min 65 60 50 40 SO 2930
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Figure 4 TBC-P processing
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WSWgANARTNUI A1 NPV 1nnd1 0 A1 B/C Ratio
1NN31 1 waz A1 IRR 1INNT 7% laedlseziian
TumsAununglu 19 7 heu sreaqldinelunsamu
Afausn 10 & um wansfenuduaironisasu
TuN153AYUINTFIUTITNEIA1E@RT819.ATUU S
dhanaunsemdidlen wuirlul we. 2564 I¥szne
Hunsgiuves nev. iFesnaasUuisdiimainse
wiidlon: Yormun ieilunisandeldudaniade
ANMIMNNITUTLEUAILAEAT LAZENTEAUANNN
ranstunadinansandidles Tnefmuaauaus
sineg ilauaenndesiuauURenaua STR feil
USinaidsanysngean 0.05% Usanaudngsan 0.60%

127



M5ANSIVYLATANASUITINTINYAT 40(2): 117-129

Uinaudaszimeligagn 0.60% Uiinallulnsiaugsga
0.60% AIEEUAUTULINAIGA 35 MLy Lagsvil
ANuBauFgn 60 e dvsuniaidenlei
paas sn1elulszinaLazs 19UsEInANYI
Jusznaunisiianudesnisensasduiaduina
insandifleduduauunn WewnndautAvlanisy
T auisui U1 s STR 5 Turnsgiusesiy
finszuaumsfionuaeundulsl 33 nem. ledavianmsgnu
\Beinermansiiieliuszneunisdndulavesiiinens
Luusshdundndme lneldsuanulingde was
A esfuninguanenaienislunazdnsssina
SnviassunaldiinunmsgIu GAP way GMP FuB1anIs
Amusilugnsaandsedudssing deieindunis
pnseAUMINAnsAsUUET el aR sty
uazasannudsdulsituinuasns dafumninunens
nquinuasnsni ol auladnnudesnisudnens
wstusdtiaaasdedldensdeudie Gap 1y
TagAususu wazldiad osdnsdlefvunguuuy
woutnsnisnanan ofiagldesdaniauifingg
alane aonsuiuaudeanisvesgltenslunis

lundndundnduainsngalisely
AnAnssuUsENA
Y8UDUAN N8I UIUTEINAlne (Nen.)

aduayunsAnuIdoaigaulseanaiuneau

NRUIYWNITT WI957 49(3)

L@NE159719949

Juntuma, P. 2020. Increase productivity and
income of farmers in Trang province
from GAP rubber farming. Rubber
Journal 41(2): 2-12. [in Thai]

Rubber Research Institute of Thailand. 2011.
The Testing of Block Rubber According
to STR Standards. Bangkok: Department
of Agriculture. 34 p. [in Thali]

. 2018. Para Rubber Academic Data
2018. Bangkok: Rubber Authority of
Thailand. 179 p. [in Thai]

Rubber Authority of Thailand. 2021. Thai
Rubber Statistics and Forecasts. 356 p.
In Monthly Report of Rubber Economy
Division 26 April 2021. Bangkok:
Rubber Authority of Thailand. [in Thai]

Sadudee, S., I. Yeedum and J. Petnongchum.
2009. Irrigation Management for Rubber
(Hevea brasiliensis) to Maintain Tapping
during the Period of Dry season. 105 p.
In The Complete Research Report.
Songkhla: Prince of Songkhla University.
[in Thai]

SRAQT 3-2021. Thin Brown Crepe-premium
Grade; Specifications. Standards of the
Rubber Authority of Thailand. Bangkok:
Rubber Authority of Thailand. 9 p.

[in Thail

128



Journal of Agri. Research & Extension 40(2): 117-129

Sriwarin, P., T. Petsungnoen, M. Ananta and
A. Kunalasira. 2014. The cost of
processing primary rubber at the factory
level. Rubber Journal 35(3): 20-29.
[in Thai]
TAS 5907-2018. Good Manufacturing Practices
for Crepe Rubber. Bangkok: National
Bureau of Agricultural Commodity
and Food Standards. 12 p. [in Thai]
TAS 5910-2020. Good Agricultural Practices
for Rubber Volume 2: Production
of Cup Lump. Bangkok: National
Bureau of Agricultural Commodity
and Food Standards. 12 p. [in Thai]
Tassanakul, P. 2013. A Handbook for the

Production of a Good-quality Cup Lump.

pp. 2-10. /n The Guidance Document
for Rubber Farmers. Bangkok: Rubber
Technology Research and Development
Division, Rubber Authority of Thailand.
[in Thai]

Tassanakul, P. 2015. Stop using sulfuric acid for
latex coagulation. Rubber Journal
36(4): 26-30. [in Thail

_ . 2020. Upgrading GAP Cup
Crumbs Toward GMP Crepe Rubber
Production. pp. 10-17. /n Meeting
Academic Thailand Quality
Conference & The 21st Symposium
on TQM-Best Practices in Thailand.
Bangkok: TOM Promotion Foundation
in Thailand. [in Thai]

__ . 2021a. The Establishment of
Premium Grade Thin Brown Crepe
Standards of the Rubber Authority of
Thailand. pp. 3-36. In The full Report.
Bangkok: Rubber Authority of Thailand.
[in Thail

2021b. Production of premium

grade thin brown crepe from good

quality cup lumps. Journal of Science

Innovation for Sustainable

Development 3(1): 1-14. [in Thali]

Thai Rubber Association. 2021. The Problem of
Adulterated Coagulation Added in Latex,
Cup Lumps or Natural Rubber Raw
Materials. pp. 1-3 /n The Message
Memo 24 December 2021. Songkhla:
Thai Rubber Association. [in Thai]

The Rubber Manufacturers Association. 1979.
International Standards of Quality and
Packing for Natural Rubber Grades.
(The Green Book). Washington, D.C.:
Rubber Manufacturers Association,
Incorporated. 19 p.

Yunyongwattanakorn, J., Y. Tanaka, S. Kawahara,
W. Klinklai and J. Sakdapipanich. 2003.
Study the effect of proteins and fatty
acids on storage hardening and gel
formation under various conditions
during accelerated storage of various
kinds of natural rubber. Rubber
Chemistry Technology Journal
76: 1228-1240.

129


javascript:;
javascript:;
javascript:;
javascript:;

M5ANSIVYLATANASUIVINTINYAT 40(2): 130-145

asanan1salusunnsidaniaelddananinaidiien Sentinel-2

v
UTIUEUU MBI JMIANIYIUYS

Prediction of Teak Volume Using Sentinel-2 Satellite Imagery Data

at Thong Pha Phum Plantation, Kanchanaburi Province
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The teak volume prediction is an important data for planning a teak plantation management.
This study aimed to investigate the vegetation indices using Sentinel-2 satellite imagery data for teak
volume prediction based on data from Thong Pha Phum Plantation, Kanchanaburi province. The linear
regression was used to explain the relationship between teak volume and vegetation indices from
Sentinel-2 satellite imagery data. Ratio Vegetation Index (RVI) Difference Vegetation Index (DVI),
Normalized Difference Vegetation Index (NDVI), Green Normalized Difference Vegetation Index (GNDVI),
Soil Adjusted Vegetation Index (SAVI) and Atmospherically Resistant Vegetation Index (ARVI) were used
as the independent variables in the equation. The results revealed that SAVI (values with L equal to
0.5) was the best vegetation index for teak volume prediction based on Sentinel-2 satellite imagery
data. The equation was teak volume (y) = 10.064 (SAVI)-98.736 and the coefficient of determination
was 0.73. The mean absolute error (MAE) and the root mean squared error (RMSE) were used to check
the equation precision for teak volume prediction. The MAE was 1.52 and the RMSE was 1.92. The teak
volume calculated based on the given equation was 199,366.68 cubic meters and the average of teak

volume per rai was calculated to be 18.51 cubic meters.

Keywords: linear regression, teak volume, vegetation index, Sentinel-2 satellite imagery data

Thong Pha Phum plantation
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Figure 1 Study area in Thong Pha Phum plantation, Kanchanaburi province
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Table 1 Vegetation Index used in education

Vegetation Index Equation References

Ratio Vegetation Index (RVI) ﬁ Jordan (1969)

RED
Difference Vegetation Index (DVI) NIR - RED Tucker (1979)
Normalized Difference Vegetation Index NIR - RED Kriegler et al. (1969)
(NDVI) NIR + RED
Green Normalized Difference NIR - GREEN Gitelson et al. (1996)
Vegetation Index (GNDVI) NIR + GREEN
Soil Adjusted Vegetation Index (SAVI) NIR - RED <+ L) Huete (1988)

NIR + RED + L

Atmospherically Resistant Vegetation

NIR - RED — Y(BLUE - RED)

Kaufman and Tanre (1992)

Index (ARVI)

NIR + RED - Y(BLUE - RED)
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T AUININLUAIR 08 190 1AAUINLATRASIY
YoIAR YT NYNTTUlUMTIA 19U 3x3 3ANIN
3nYeyan1 A1 By Sentinel-2 lawn Ratio
Vegetation Index (RVI), Difference Vegetation Index
(DVI), Normalized Difference Vegetation Index
(NDVI), Green Normalized Difference Vegetation
Index (GNDVI), Soil Adjusted Vegetation Index
(SAVI) ke g Atmospherically Resistant Vegetation
Index (ARV) TuUF e uny st eanunvudas
FBE19NIARUINAIYIDNTIATIEINTOANDYLTUEY
(Linear regression analysis) lngmnuausunnsliidn
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Awlsny wazavdianssaaindeyanimaniiiey
Sentinel-2 1 uduwUsdase wanegUuuuaunis
OAOOBLTNLAY faunIs (3) (Ravindranath, 1981)

y =a+ bx (3)
Wa  y Ao A1n1sman1saluSunnslidn
a A ATEUANNITOANDEAALAY Y
b fAn AdUUSEANTUBINISONNDEY
x Ao Anvdiynssauaindeyanin

ANwiiey Sentinel-2 TokA RVI, DVI,
NDVI, GNDVI tag ARVI AUAIAU

NATUIAMULRNIEEUYDIFUNITAIANTT AL
Usunslifdn TneRansanardulszans safmun
(Coefficient of determination: R?) ‘ﬁﬁmg_jdﬁqm GH]
NINTUINANTTILATIERANNUUTUTIUYBIANNTT
AMNFUNUS A28d0 ANAaoU Overall F-test 910
M1519 ANOVA 7 szaual1uLd ol udosay 95

(oL winfu 0.05)
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MTITADUAIINYNADIVDIAUNITAIANTT A
Usumslildn Taehdeyauvasdegrailddimsy
MIIADUAIINYNADY UNUTULTIHUNAR 192NN
UsunmsleffiAuiaanulasdaogsninauiy uaz
Usiaslddniiduiaainaunisainnisaiuiums
L1&n uagnsiaaauaNRlug1ve9aNN13AINNTTH
Usunsladdn Tngldanainndouduysaiiade
(Mean Absolute Error: MAE) WagAn3Infidevedsn
aupanAdeuidsaeads (Root Mean Squared
Error: RMSE) 21ntuynsiiasgvinnuuansisdag
NsVegBvANNAgIUNNNEDR Ineldaliivageu t-test

sEAUANLLYBLIUSBYAY 95 (0L WinAU 0.05)

NAN15398

nsAATIEUIHInsLidn
HANMTIATIERUsnslidnanuUasiiegne
AAAUINIINIY 80 wiasdeEe wudUTIeslddn
fiAuaanuUasiegmaauuiiuuiasliidn
solsegsening 11.88 fis 23.75 gnuiAniuns JUSunns
lifénindesiolsvintu 18.43 gnuiariums andeauy
UINTFIUYIAY 2.92 Uananssteyaulasiiedia
aneau uagUSanmsliidnlundasinegauaslfiugn
(Table 2) wazUHUAINAITNIEIILVRIUTIATLTN
wdwsielsluusiazUiugn (Figure 3)

Table 2 The field sample plots data and teak volume in sample plots each year of planting

Year of Number of Average Average DBH Teak volume (m?/rai)

planting sample plots number of tree (cm) Minimum Maximum Average
1981 1 5.00 39.00 - 22.24 22.24
1982 4 6.75 33.49 18.43 21.78 19.97
1983 2 18.00 26.53 21.04 21.49 21.27
1986 6 10.17 29.62 14.58 22.60 19.22
1987 2 5.50 36.81 20.64 21.76 21.2
1988 7 10.43 28.00 14.89 23.75 18.62
1991 3 14.00 25.31 18.03 21.62 20.01
1992 2 16.00 24.96 18.65 21.70 20.17
1993 12 15.25 23.86 11.88 23.27 18.91
1994 6 15.17 23.54 16.17 21.69 19.44
1995 4 18.25 22.64 16.55 19.37 18.23
1996 2 20.00 2293 16.21 23.70 20.19
2000 11 28.18 18.62 14.03 20.75 18.59
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Table 2 (Continued)

Year of Number of Average Average DBH Teak volume (m?*/rai)
planting sample plots number of tree (cm) Minimum Maximum Average
2001 3 28.00 19.16 20.51 20.75 18.43
2002 2 23.00 19.39 16.92 19.86 18.39
2003 7 28.00 17.67 13.21 19.87 15.08
2004 6 29.17 16.77 11.98 18.00 14.26
Average teak volume (m?>/rai) 18.43
Standard deviation 292
25 -
2224
21.27 212 oot 2047 2049
20 4 :9-9L w2z 1862 pmgm 1891 1944 1803 @ 1859 18.43 18.39

Average teak volume (Cubic meter per rai)

RN BN BN BN BN . . .

15.08
1426

1981 1982 1983 1986 1987 1988 1991 1992 1993 1994 1995 1996 2000 2001 2002 2003 2004

Year of planting

Figure 3 Average teak volume per rai in each year of planting
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Figure 4 Scatter plot between teak volume and RVI, DVI, NDVI, GNDVI, SAVI and ARVI
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Table 3 The difference between teak volume calculated from field sample plots and teak volume

calculated from teak volume prediction equation model

No. Field sample plots Prediction equation model Difference
(m>/rai) (m®/rai) (m?)
1 18.43 18.40 0.03
2 21.04 19.75 1.29
3 14.58 14.45 0.13
4 22.60 20.91 1.69
5 21.76 18.80 2.96
6 17.80 19.83 -2.03
7 18.65 1791 0.74
8 21.79 21.64 0.15
9 23.27 20.36 291
10 17.73 16.62 1.11
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Table 3 (Continued)

No. Field sample plots Prediction equation model Difference
(m®/rai) (m®/rai) (m?)
11 11.88 11.76 0.12
12 21.69 18.63 3.06
13 18.42 17.61 0.81
14 17.78 18.81 -1.03
15 19.37 18.02 1.35
16 19.80 20.73 -0.93
17 20.43 18.16 2.27
18 16.90 19.65 -2.75
19 16.21 19.27 -3.06
20 17.25 20.19 -2.94
21 20.51 20.60 -0.09
22 19.87 18.96 0.91
23 13.86 9.96 3.90
24 17.97 18.07 -0.10
Total 449.59 439.09 10.50
Percentage difference 2.34
Mean absolute error 1.52
Root mean squared error 1.92
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Figure 5 Scatter plot between teak volume calculated from field sample plots and teak volume

calculated from teak volume prediction equation model

30150iNaN1538

IANANITANWIFUNIIN AL AATEARS
Fvnzaudmsuhuldmanisalusinesladdn v
audmesnnd Sandanigauy3 A3iasen
ALFUNUS T2 19US sl T Auaanudas
freg19n1nauILLasRydRInssas SAVI i v
Arasil L vindy 0.5 1 uduusdassitigaunis
fieumnzauiige Sandulseanismuuayiiy
0.73 InuAUiNunTsed SAVI Qﬂﬁmmlﬁaammamzm
InnsaztauNd U IR uIInn1s A IAed L
dmuiiuii IWTTUUNAGUGIATASA L 19AY 0
w39 0.25 1\

AN
WUNN
Wiy 0.5 uagiunndnynssadnaguaAtaan L

l
AfsifanssuUnaguUIunasAned L
WU 0.75 (Huete, 1988) 91nn15iA uT 04
AU Aesdl L iy 0.5 Wuiivsnga
fudluiidnsunniign Wosnvhnafudeyauas
Ugnlddnfifissosugn axa s o1g 15 37 ulY
Faduwangnlidnidnsfnaaeeszey ilviAa
Yosinsseninediduindu Ssdewaliinanseny

LNEINUNITELYIDUNS I UVDIAU

WeRasanAduuszansainvuailaain
sUwuvaunisaanIsalUsuiaslddn wudaen

[y a £o o
ﬁllUi%ﬁﬁ‘Vlﬁ(5]iﬂ’]‘Vi‘LJ@sU'eN?J‘ULLUUﬁNﬂWiﬂ’]ﬂﬂ’]iﬂj

v ay v £

Usumsldd@nalaandeyaninaiiiien Sentinel-2
fendulszansmruunwiagy 0.73 WulUluiiemis
LAENAUNUTI89IUNITITEVRY Chang and Shoshany
(2016) AlgAnwINsAIANISAiTInawmiefiuRuves
Ihuvinuneilmzaumnesindou lasiinse
AUFUTUS 5¥13 1902801 o UR Uy

¥ a

TOYANINAIUT LY Sentinel-2 WUINAFUUTLEND

MAmuAressULULANN1TAIANTAlNIaTINIIMTE
AuAuvedlivuandayanimainiion Sentinel-2
fldiniu 0.72 wag Nuthammachot et al. (2018)
flFAnunsaanenidanamdefiufuuinmiuiivn
Girisekar wag Jetis Ussinadulafide nelddayann
1Ty Sentinel-2 wudnAduUsEANS darmun
vosgUNvUANNIIAIANTTaiIRadan el ufy
NTBYANMANITEY Sentinel-2 A1 0.74
Fefinnsanmiuusiugesaunisaianisal
Usmasliidniirnaanindeuduysaliademinty 1.52

LALANSINNEDIVDIAIAIUAAINLAADUNHIADILAAY

142



Journal of Agri. Research & Extension 40(2): 130-145

WU 1.92 WagWaITUIAIINLANG19YBITBYE
5¥1319U5 U5 dn T Auaaainulasfaegng
mﬂaumLLazU'%mmiﬁﬁﬁﬁmmmﬂgﬂLmuaumi
Aan1saluIuansliddneesdayaninniiiiey
Sentinel-2 finladnfiaulndiAssiu wazlifianany
wansnsfuegaituddyniadafisyiuanudediu
$oway 95 (O Ay 0.05) Kt uamnsariiguuuy
auni1sfanauUssendldlunisaian1saiuiunns
Ldn viaaudmeswngll Jwdaniyauys lalag
lisndudeudrludisanaauinstaus ioan
syezian wagAldanglunisminnisalusunsiddn
dmsuihdeyalyatduayulunisusmsdanisauh
aglsfmulunisihgusuvaunseanseiusunns
lgnunlgdmsumanisalusunasladdnlulnely fes
misisgrnardmsuanidlnandoyaninaiiiiey
Sentinel-2 Ima%@gamwmaLﬁwu'%nmﬁyuﬁﬁﬂm
Fosusraarne wazidugaei idndsldndnly
iesnnnsndalureslddndaaliainisasounas
anasriliusueslsidnfiananisalldanasmnulusae
ﬁdumsl,ﬁaﬂ@nﬂ%am%gammnLﬁaﬂuﬁm
Uanerudiuvun (feunaiau - ieungainiew) 3
ugaedt Tauadedoswazlddndlundnly
wiTituegfuaninerneludiu o

Y

d3UNan15238

HaNSANYIANUEIRUSTE NSRS LT
ﬁﬁﬂu%‘tﬁﬁﬂLLUENﬁ?@ﬂ?ﬂﬂ?ﬂﬁﬂ’mLLa&’ﬁ%ﬁﬁ%Wiim
31nY8Y ANIMNA1ILT 8u Sentinel-2 e un Ratio
Vegetation Index (RVI), Difference Vegetation Index
(DVI), Normalized Difference Vegetation Index
(NDVI), Green Normalized Difference Vegetation
Index (GNDVI), Soil Adjusted Vegetation Index (SAVI)
e e Atmospherically Resistant Vegetation Index

(ARVI) Taenuunus unnsladdny auiaainwdas

fegunmaunuduiulseny wavaviNenssaain
Foyanmanadien Sentinel-2 {usulsdase wui
ATILATITINSaANDELT L& UTENINUSURS Ll dn
Finaldnnulaiieg 9nAaUINRAZHATINYEY
Ardnssadluminnaun 3x3 ganm Inediavil
FYNT50 SAVI 7 isumeaaed L vy 0.5 18y
fhuusdasziiinganns uguuuuaunsamdisiug
fian fsaun1suuaslddn (y) = 10.064(SAVI)-
98.736 {1 A& UUTLANE A NuUALY AU 0.73
MTIABUAIULL U1 VBITURUUANNITAIANTE
Usinslifdn damanandeuduysalindewinfiu 1.52
wavAsINTidewesriAuAaInAdoufdideuade
windy 1.92 Wedinsginnuuaninwesteya lag
I¥adfnnaeunuy ttest wuindsunaskddnitanun
FrwnanulasegranmaauiuLazUsunslidn
ﬁgwmﬁﬁwmmmﬂgﬂquaumimmmiaiﬂ%mm
Lidn ldiauunnatsnueg el dodAgn1sada
fiszuanudesiudesas 95 (Ol Wiy 0.05) nan1s
aensalUsumslddnimunusnaiuiiine wuii
aunsamanisalusunaslidnlavindu 199,366.68
gnuArluas fusumslfdnadedelsvindy 18,51
ANUIANLUNT

RIGURIIE

v v

1. Tun1sAnwiaseadldiusiusiudeya

12§

a =2

Tuaulmesmngl Imianiyauy3 Jaguiuvauns

9 Y

o (%

aranisaiusunsladnilemunzdmsuldluaiu
maamqﬁm"nfu TuaruUesiidu 9 winazi
sULvvaunsmanisaluinaslifdndsnanluld des
finsnageusUwuvan1sAaNsaiUsaslidn lny
nsiSeufisuseminadsuneslddndimuiaan
wlasiegenipauinuazusunsliifuiaein
sUsuLaNN13AINsalsInstldn dldunneneiu
Aanursathluldmanisalusunnslddnla

143



M5ANSIVYLATANASUIVINTINYAT 40(2): 130-145

2. MsAnYIANNENNUSTENINUSRslddn
Futeyaninanaiisuaisidenudasugnlsidndil
Fougendaiu Wieaniywiisatunisasioueiu
viseliuanswinduitlidesns wysUwuUaNnIs
Aan1salUSuasld @ndt L faanuud uglunas

ANMNSAIUSUMS IENuNE 9T
AnRnssUUsZNA

YDUBUAM AAAARY g9 Wanthauau
AN Tl AN HaeiIinuaIudl way
Wi arudmesnigd Samianigauys A7
ANUBULATIENANTUTYIINTIFY T wayliaay

Fremdslunisifiudoyaniaaunuauasadu
LANE1581984

Chang, J. and M. Shoshany. 2016.

Mediterranean Shrublands Biomass
Estimation using Sentinel-1 and Sentinel-2.
pp. 5300-5303. In Proceedings of the
2016 IEEE International Geoscience
and Remote Sensing Symposium
(IGARSS). Beijing: IEEE Xplore.

European Space Agency. 2015. Sentinel-2 User
Handbook. Paris: European Space
Agency. 64 p.

Forest Industry Organization. 2014. Sustainable
Forest Management Thong Pha Phum
Plantation. Bangkok: Ministry of Natural
Resources and Environment. 14 p.

[in Thai]

Gitelson, AA,, Y.J. Kaufman and M.N. Merzlyak.
1996. Use of a green channel in remote
sensing of global vegetation from
EOS-MODIS. Remote Sensing of
Environment 58(3): 289-298.

Huete, AR. 1988. A soil-adjusted vegetation
index (SAVI). Remote Sensing of
Environment 25(3): 295-309.

Huete, AR., K. Didan, T. Miura, E.P. Rodriguez,

X. Gao and L.G. Ferreira. 2002.
Overview of the radiometric and
biophysical performance of the MODIS
vegetation indices. Remote Sensing
of Environment 83(1-2): 195-213.

Husch, B., T. Beers and J.A. Kershaw. 2003.
Forest Mensuration. Hoboken: John
Wiley & Sons, Inc. 456 p.

Jordan, C.F. 1969. Derivation of leaf-area index
from quality of light on the forest floor.
Ecology 50(4): 663-666.

Kaufman, Y.J. and D. Tanre. 1992.
Atmospherically resistant vegetation
index (ARVI) for EOS-MODIS. IEEE
Transactions on Geoscience and
Remote Sensing 30(2): 261-270.

Kriegler, F., W. Malila, R. Nalepka and
W. Richardson. 1969. Preprocessing
Transformations and Their Effects on
Multispectral Recognition. pp. 97-131.
In Proceedings of the 6th International
Symposium on Remote Sensing of
Environment. Ann Arbor, MI: University

of Michigan.

144



Journal of Agri. Research & Extension 40(2): 130-145

Lillesand, T.M., RW. Kiefer and J.W. Chipman.
2015. Remote Sensing and Image
Interpretation. Hoboken: John Wiley &
Sons, Inc. 736 p.

Nuthammachot, N., W. Phairuang, P. Wicaksono
and T. Phairuang. 2018. Estimating
Aboveground Biomass on Private Forest
Using Sentinel-2 Imagery. Journal of
Sensors 2018(2): 1-11.
DOI:10.1155/2018/6745629.

Prasomsin, P. 1991. A Manual of Forest
Mathematics Operations. Bangkok:
Department of Forest Management,
Faculty of Forestry, Kasetsart University.
138 p. [in Thail

Ravindranath, M.H. 1981. Manual of Research

Methods for Crustacean Biochemistry

and Physiology. Madras: Central Marine

Fisherriess Research Institute. 172 p.

Redowan, M., R. Akter, M. Islam, K.M. Masum

and M.S.H. Chowdhury. 2015.

Estimating growing stock volume in a
Bangladesh forest site using Landsat TM
and field-measured data. International
Journal of Geomatics and Geosciences

6(2): 1607-1619.

Sangcharoen, R. 1973. A role of teak in

economic development. KU News

18(6): 36-49. [in Thai]

Tucker, CJ. 1979. Red and photographic

infrared linear combinations for
monitoring vegetation. Remote Sensing

of Environment 8(2): 127-150.

145



M5ANSIVYLALAWFTUIVINTNYAT 40(2): 146-157

= o & o I3 ¢ s ¢
ﬂiz‘U?uﬂﬂiLLaSLs‘i'e'J‘IJl‘lJﬂ"ﬂﬁJﬁ'lLi’iﬂﬂﬂ'ﬁwmu%ﬂuﬁ%ﬂi%WWiﬁJL%Jﬂi
YBUNEAINTIUIMIAUATUFY
Process and Conditions for Success in Farmer Development as Smart Farmers

in Nakhon Pathom Province
WssauIn luainanas® uazunwns Junsiny

Panwipa Chokpigunthong* and Nopporn Chantaranamchoo
auMirimuAn aufinwimans univerdefauing uasugy 73000
Development Education, Faculty of Education, Silpakorn University, Nakhon Pathom, Thailand 73000

*Corresponding author: panwipa.milky@gmail.com
Received: September 24, 2020
Abstract Revised: August 17, 2021

Accepted: February 25, 2022

The objective of this research was to examine the process and conditions for success in farmer
development to become smart farmers in Nakhon Pathom province. A qualitative research method was
employed using an in-depth interview. Twelve key informants, which included model smart farmers in
Nakhon Pathom province who registered with the Nakhon Pathom Provincial Agricultural Extension
Office, officials of the Nakhon Pathom Provincial Agricultural Extension Office, and academics involved
in smart farmers program. Instrumentation used for this study involved a semi-structured interview form
and a documentary study for a content analysis to construct a grounded theory. Research results were
reported in descriptive presentation and descriptive analysis. Results showed that smart farmers
development process in Nakhon Pathom province involved: 1) cost-effective usage of production
factors; 2) production on demands by planning prior to producing products: 3) efficient management;
and 4) various marketing management with supporting multi-level markets. Criteria for success in smart
farmer development comprised: 1) appropriate use of innovation and technology; 2) knowledge
management with goals; 3) pride as farmer resulting in love and cherish; 4) good entrepreneurship by
creating new products to meet the demands of consumers and the market; and 5) support from internal

and external agencies.

Keywords: smart farmer development, success of development, Nakhon Pathom province
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Perception and Decision Making on Choosing Factors for Crops Growing Selection

Using Agri-Map of Farmers Ulok Subdistrict, Lamduans District, Surin Province

wssed wavunn* dfwand Waudnsty densea willeauan dunm audu wasgassdl quiisy
Petcharat Promatar*, Nitipat Pattanachatchai, Tortrakul Meadnok, Nundha Sompen

and Suwunnee Sumhirun
AN UATHATRAAVNTTUNYAT UNTINYIRETIYAYATUNS a3uNs 32000
Faculty of Agriculture and Agricultural Industry, Surindra Rajabhat University, Surin, Thailand 32000

*Corresponding author: promatar.pr@srru.ac.th
Received: September 20, 2021
Abstract Revised: August 08, 2022
Accepted: August 29, 2022

The agri-map is an assisted technology for making decision of the farmers to grow the suitable
crops in particular area, however, its use is still limited. Thus, the objectives of this research were: 1) to
study the socio-economic and farming characteristics of farmers; 2) to study the farmers’ perception
level and channels of agri-map; 3) to study the important level of decision making on choosing Factors
for Crops Growing Selection (FCGS) according to agri-map and 4) to compare the socio-economic and
farming characteristic with the important level of decision making on choosing FCGS using agri-map of
the farmers in Uloke sub-district, Lamduan district, Surin province. The samples were 285 farmers in
Uloke sub-district. Structured questionnaires were used as research instrument. The statistics used for
data analysis were frequency, percentage, mean, standard deviation, independent-sample t-test and
one-way analysis of variance. Data were analyzed using statistics package for social science.

It was found that the farmers mostly perceived agri-map information through community leader
and television channels, respectively. Level of decision making on choosing FCGS using agri-map was
indicated at high level. Community factor showed the highest mean of decision making. Comparison
between the important level of decision making on choosing FCGS with socio-economic and farming
characteristics were found that different genders affected the level of decision making on choosing
different area, equipment, machinery and crop yield factors. Different ages influenced machinery, labor
and community factors. Different marital status and gross monthly income had no effect on the level
of decision making on choosing different crop growing factor. Different educational level affected the

level of decision making on choosing different area, cost and labor factors. Different main occupations
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influenced the level of decision making on choosing different area, cost, labor, crop yield and

community factors. Different current crop growing periods affected the level of decision making on

choosing different area, cost, crop yield, sovernment policies and community factors.

Keywords: perception, decision making, agri-map, choosing factors, crop growing
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(Thesarin, 2018) 3aldWaunIasiionazielulad
119 9 Wit 03 gaelfinunsnsaIunTnInsNYRs
THilUsEAvS nnuasiiaUseaviua wnuilinuns (Agri-
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druumnalanza1unAasulelay Independent-
samples t-test d1MTUAIUDIE ADTUAINNTAUTH
syiumsAnw ednmdn eldTuiedsdeifou ua
5¥8ELIa1IN15UgNNY 85 uelaern F-test 91nN1s

FAErANUBUTUTIULUUTIUITBLRE
NaN15338

poudl 1 anwazdeyadiuynnavesy nay
WUUFRUANNLATAN BRI TANARIUAITINNISINYAT

nwudng uiaeg19dulng i uinands
Tovar 71.60 uwazseuazy 28.40 v uinayie

nauegnunnI1ese Anlufesas 59.30 Jenget

[
=

551319 41-60 U s09asuniieny 61 U YulU Andu
Joway 28.10 (Table 1)

A0IUNINNNTAUTA NUIINGUAIRY1TREAL
82.80 @u5@LA7 S89a%uSoay 11.20 1Wuniine
fifiesdovaz 3.50 fidlan

naudiegedulngAadusesas 70.20
fnsAnulussauuseau@nen sesasnAnduseay
14.00 dn19Anw1sEA UL saNAnwInaUUaYNIT D
Wigun wagseay 9.80 dnsAnwnsyaudsaufnm
MOUAUNTOLTIYULNN

INNITANYINUIIDITNVBINGUAIDE 14
duluganduiesay 65.60 ¥inensnssy 5098937
feway 20.70 ToTnndndu q uavdovar 13.30
flordnsudeily

ngufieg19seeay 55.80 d51elasiuves
ATEUAIF L OUMINGT 5,000 UM FeaLSeuay
38.20 fis1elaegsening 5,000-10,000 U Fevay
3.50 §518la9g 581119 1,0001-15,000 UM iies
7 e fids1eldunnntn 15,000 vmniuly

dnsuunaseldudnesnseuadatiy
neasnsunninnsaadudeay 58.20 11910013
YUY 59989015 88aY 28.10 U19INBITNE W 19U
ok Beednd wazderay 10.50 snanmssusaialy

TuFosuvasiunuituniiaulutiagiu nay
Mag193eEag 50.40 W1IINNBIUNYUIU 7898931
Souay 28.60 NNANERNIIROUNINE Sosaz 4.50
U1INFUIATIR DN1SLNYATLAZANNSAINTLNYAS
FUUlNA A IR UNIIINTUIAITHI A BT WAz UT I
a3 Andudosas 3.40 uaz 3.00 MUY

161



5ANSIVYLALAWFTUIVINTNYAT 40(2): 158-171

Table 1 The personal data of the respondents and the agricultural activities data

Personal data Frequency Percentage

Sex

Male 81 28.40

Female 204 71.60
Age

20-40 years 36 12.60

41-60 years 169 59.30

61 years and over 80 28.10
Status

Single 10 3.50

Married 236 82.80

Divorced 7 2.50

Widowed 32 11.20
Educational level

Uneducate 14 4.90

Primary school 200 70.20

Secondary school or equivalent 28 9.80

High school or equivalent 40 14.00

Diploma or equivalent 1 0.40

Bachelor’s degree 2 0.70
Main occupation

Farmer 187 65.60

Government officer 1 0.40

General employee 38 13.30

Others (Weaver, Brahman, Trader) 59 20.70
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Table 1 (Continued)

Personal data Frequency Percentage
Family income per month
lower than 5,000 Baht 159 55.80
5,000-10,000 Baht 109 38.20
10,001-15,000 Baht 10 3.50
15,001 Baht onwards 7 2.50
The main source of family income
Field crops farm 6 2.10
Rice farm 166 58.20
Horticultural farm 3 1.10
General employee 30 10.50
Others (Textile, Animal farm) 80 28.10
Current source of debt capital
Village fund 134 50.40
Savings cooperative 76 28.60
Bank for agriculture and Agricultural cooperatives 12 4.50
Commercial bank 9 3.40
Leasing company 8 3.00
Capitalist, Trader 3 1.10
Other (Pawnshop) 1 0.40
Total 285 100.00

Tusesweanisiiensesiiiiu nuiiee1smey
11N 1 Ameu wazdrulugAndusosas 80.70
Wudrvesii fuvesnues Aneusesasufmdy
Yovay 18.40 Aie fanse duludnvazidl uas
$ovaz 0.90 1urnoudilulduselavianni pu
v Afitios (Table 2)

dmsuriinvesfiviiugn naudieg1aney
1A 1 AMABULTURY LaMABULA s svun

Andudosas 91.30 Ao Ygniiunl sesaaniesay

3.60 fio 998 Towar 2.30 Ugngadudauasiivaiu
drusuudnouiilndiAaiy Ae fudsnds
wazeans Anudosas 1.60 wag 1.30 aua1au

a'auiwznmﬁﬂauﬂﬁu’u ngueg1adlng
Andusevaz 88.10 ﬁizammﬂmwwﬂqﬂﬁ%ﬁﬂ@ﬂ
Tudlagdudoud 11 99ulU sesasndniiuesas
6.30 dszgriiannizgniesndt 3 U Segay 3.90

fsvgziiainisinizugn 6-10 U uazingudiegns
5 A flsgezainisinzdgn 3-5 Y
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Table 2 Agricultural data of the respondents

Farming information Frequency Percentage
Land tenure’
Owner 267 80.70
Rental 61 18.40
Other (relative’s) 3 0.90
Total 331 100.00
Current crops type’
Rice 282 91.30
Sugar cane 11 3.60
Cassava 5 1.60
Rubber 4 1.30
Others (eucalyptus, horticulture) 7 2.30
Total 309 100.00
Current crop growing period?
Less than 3 years 18 6.30
3-5 years 5 1.80
6-10 years 11 3.90
11 years or more 251 88.10
Total 285 100.00

'calculated based on the number of answers as a multiple answer in each question

“calculated from the number of respondents

ABUN 2 5TAUNITTUZIABITULNUN LNEBATVDS

NYNINT

naudtegedlngiiszaunissuiineadu

a

LRUTLNEASIAeTINlusEAUUIUNaNY dAady 2.62
lngapean1eiisusluseauuin Ao navtguyu
fAede 4.40 sesasunndelnsviauilaedy 3.47

ﬁ’m%’mj'awwaw%’uﬂmzﬁuﬂmnmq Ao YoIN19

nssuiandnivnisvemiisnuniasy Sanade
2.75 daurosmsandeing nquiededisedunis
Suftfenunn fdnedviade 2.32 (Table 3) WWuiiia
FunninngusegnadliifinissuiiRsafuusuiinuas

nduled/lad/mayn wieutu uasdedsiun fe

Tuvaymilsdefiun
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Table 3 The perceptive level about agri-map through different channels

Perceptive channels X S.D. Level of perception
Community leader 4.04 0.74 Most
Television 3.47 8.20 Most
Government 2.75 0.73 Moderate
Radio 2.32 1.01 Seldom
Website/Line/Facebook 1.74 1.08 Never know
Neighbor 1.40 0.73 Never know
Leaflet/newspaper 0 0 Never know

Total 2.62 0.731 Moderate

nauil 3 sziuAwddynsindulavesnisden
Uadelunsidenviianvugn

NanSITenu Aladevesszdiunuddy
Tunsdndulavesnisidendadelunisidenviinie
danveanunsnsegluseauliunans laedadeniu
Afldnadsanudidyuinian Ao Jadesuyuvy

a N = o v v P an'
UANRAY 4.46 T998911AD ﬂﬁ]ﬁ]ﬁ]@qumunUNﬂqLaaﬁl

AnudAgyluszAuLInAe 3.59 sasasnme Jadesiu
L5991 SAnadede 3.44 dwmfudateAiaade
Aanudfgluszavlunas loun Jaduaunanan
frnade 3.40 sevaunie Jedesuiluiifiduads
3.03 Hafudulouneuessy daade 2.82 uaviade
sugunsal 1a3eailo 1a3eadns faLad vrnge
Ao 2.73 (Table 4)

Table 4 The important level of decision making on choosing factors for crops growing selection

according to agri-map

Factors for crops growing selection X S.D. Level of important
Community factors 4.46 0.891 Most important
Cost factors 3.59 1.021 Important
Labor factors 3.44 1.144 Important
Product factors 3.40 0.951 Moderately important
Area factors 3.03 0.942 Moderately important
Policy factors 2.82 0.868 Moderately important
Equipment factors 2.73 1.048 Moderately important
Total 3.35 0.981 Moderately important
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Han15ITeA U nUIIAedveglusEau
Yrunan danade 3.03 lneUseiuiiiaiadedegn

A4 ad A a ) o N =
Ao NWUWLWHQW@ﬁqﬁiﬁJﬂqiLquﬂQﬂ iAaay 3.42

5998917 ABD ANTINBINALUN UA MLzEUNT A LRAY
3.24 uagnsiiwva s luguyuieanad msunui

wnzUgnilAedenian fe 2.43 (Table 5)

Table 5 The important level of decision making on choosing area factors

Area factor X S.D. Level of important
Enough area for planting 3.42 0.907 Important
Suitable climate in the area 3.24 0.993 Moderately important
Sufficient water source for planting 243 0.926 Least important
Total 3.03 0.942 Moderately important

namIsesusununUi Anedvegluszdu
wn Sanede 3.59 Tneusziulunsdentadosu
Funuiifiaedogeiian e Wufiviivgnuazquadng
fireds 3.89 5098901 Ao @015l Eunas

atvayudunulunisimisUgnivvunazyialadng

fiAads 3.75 Ao aunsamdeiadunsudeile
dhunzugniivledne faiade 3.70 uagn1sil
Fuvuisswedmiunsasumzgnileiadedian
fie 3.04 (Table 6)

Table 6 The important level of decision making on choosing cost factors

Cost factor X S.D. Level of important
Easily cultural practice crops 3.89 1.081 Important
Easily access to source of fund for planting 3.75 1.115 Important
Easily procure of input for planting 3.70 0.978 Important
Sufficient fund for planting investment 3.04 0.913 Moderately important
Total 3.59 1.021 Important

Han19338lusugUnsal w3eaile 1ATEITNT

oA = i ) a A A
‘WU'J']NF]']Laa8@§1u33ﬂ‘Uﬂ’]Uﬂa’N Iﬂﬁ]ﬂ’]iul,ﬂiaqw@

w3l esdnsaduayunisinizlgn daAade 2.7
(Table 7)
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Table 7 The important level of decision making on choosing equipment factors

Equipment factor X S.D. Level of important

Sufficient equipment to support planting 2.73 1.048

Moderately important

Han1TI3glusuLsIunUIIALaivegly

seeuann daedy 3.44 TnsUseinulunisidentlads
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AuLTIUNdAlafugega Ao 9aussnulugury 3.41 (Table 8)

Table 8 The important level of decision making on choosing labor factors

Labor factor X S.D. Level of important
Enough family labor 3.41 1.063 Important
The hiring community workers is expensive 3.48 1.226 Important
Total 3.44 1.144 Important

nan1s3deludunandanudi Anadeegly  daAady 4.20 lanandauIunuin dAwade 2.83

szivunn denafewindu 3.40 lnedssnudadedn wazsiawandndisinige danafesan Ao 2.34

(Table 9)

a QA'

nandnfifianduadn Ao nandnduifenisves
naim dAlade 4.26 3898911 AD N13VUAIEEAIN

Table 9 The important level of decision making on choosing product factors

Product factor X S.D. Level of important
Expensive product 2.34 0.805 Least important
Gain high product 2.83 0.791 Moderately important
Market-demanded product 4.26 1.067 Most important
Convenient transportation 4.20 1.141 Important
Total 3.40 0.951 Important

nanAdluduulouedguanudt Aade
ogszsuunans daades 2.82 TagUsuifudiade
Fruulsungresizuiaiidaad sseduliunatg
Wiy Ao Sgurabinisadvayudunuiudadenis

HanwarsgutaiuleuteUseiusian dAnade 2.89
sosasunsguraliadiug aduanunisinizlgn
fiAade 2.70 (Table 10)
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Table 10 The important level of decision making on choosing policy factors

Policy factor X S.D. Level of important
Government supports capital and inputs 2.89 0.877 Moderately important
Government’s price assurance policy 2.89 0.853 Moderately important
Government supports knowledge for planting 2.70 0.876 Moderately important
Total 2.82 0.868 Moderately important
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Ugn firedesan fie 4.40 (Table 11)

Table 11 The important level of decision making on choosing community factors

Community factor X S.D. Level of important
Crops have been cultivated for a long time 4.50 0.867 Most important
Popular crops to grow by villagers 4.49 0.879 Most important
Having knowledge and experience to grow 4.40 0.928 Most important
Total 4.46 0.891 Most important
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Tudladesuitud Jadodufunu usenu wande
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Table 12 Comparison of the important decision making on the selection of factors for

selecting plant species according to the agri-map with personal data of the

respondents and the agricultural data

Factors for crops Sex Age Status Educational Main Family Current crops
growing selection level occupation income growing period
per month
g S| & 3T |E T& 3|& 3|& 3|& 3
a z a z a8 4 a P4 a P4 [a) z a8 P4
Aveafactors 0014~ 0104 0172 | 0040° 0003 0515 | 0008
Costfactors 0038° 0057 0320 | 0007 0002" 033 | 0050
Ecuipment factors 0008" 0043’ 0010" 0647 0641 0529 0103
Labor factors 0105 | 0025 0098 | 0034 0001" 0635 0076
Product factors 0014~ 0104 0172 0238 | 0001” 0515 | 0008”
Govemment policy factors 0.149 0.187 0816 0861 0575 0608 | 0019”
Communty factors 008 | 0013 0508 0205 | 0000" 0425 | 0000
*Statistically significant level at 0.05; **Statistically significant level at 0.01
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The main purpose of this research was to study the relationship between obstacles in
agricultural occupation and the interdependence of people in the community. The sample group was
589 farmers living in an area under a small scale irrigation system in Chiang Mai. Data was collected via
questionnaires and analyzed using statistics including frequency, percentage, minimum, maximum,
mean, standard deviation, and Pearson’s product moment. The results showed that 79.12% of farmers
were male, lived in the community for an average of 48.54 years, had an average income from
agriculture of 3,060.32 Baht per month, and most (73.68%) had debt. Farmers’ overall opinion was at
the level of agreeing that people in the community could be interdependent (X=2.72). They agreed
that most of the people in their community were honest and trustworthy, willing to help when needed,
and ready to help when there was an urgent matter. Farmers’ obstacles to farming were the fast-
changing price of inputs, uncertain product price, and collapse of irrigation infrastructure. This study
revealed that obstacles in occupation were significantly correlated with interdependency (r=0.113).
This means that the higher the level of occupational obstacles, the more interdependency of the

community.

Keywords: interdependence, obstacles in agricultural occupation, agricultural community
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Table 1 Farmers’ demographic data

(n = 589)
Variables Number Percent Min Max X SD
Gender
Male 466 79.12
Female 123 20.88
Age (years)
< 20 1 0.17 17 85 55.90 10.897
21 -30 11 1.87
31-40 a1 6.96
41 - 50 115 19.52
51 -60 228 38.71
> 60 193 32.77
Education level
No formal education 20 3.40
Primary 416 70.62
Secondary 110 18.68
Diploma 15 2.55
Bachelor’s degree 28 475
Period living in community (years)
<20 42 7.14 1 84 48.54 16.540
21 - 30 70 11.88
31 -40 65 11.03
41 - 50 109 18.51
51-60 162 27.50
> 60 141 2394
Agricultural income (Baht/month)
< 1,000 178 30.20 0 27,158.10 3,060.32 3,639.978
1,001 - 5,000 325 55.17
5,001 - 10,000 58 9.90
10,001 - 15,000 14 2.37
15,001 - 20,000 11 1.86
> 20,000 3 0.50
Indebtedness
No debt 155 26.32
In debt 434 73.68
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Table 2 Farmers’ opinions towards community interdependence

(n = 589)
Farmers’ opinion X Meaning
(SD)
Most of the people in this community are honest 3.08 Agree
and trustworthy. (0.637)
People in the community are always interested in their welfare. 2.28 Disagree
(0.784)
Someone in this community has tried to take advantage of you. 2.16 Disagree
(0.843)
You are not interested in the thoughts of others in the community. 2.20 Disagree
(0.911)
Most people in this community are willing to help 3.16 Agree
when someone need it. (0.650)
You have a feeling of belonging to this community. 3.39 Strongly
(0.630) agree
When urgent matter, there are people in the community 297 Agree
ready to help. (0.771)
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Table 2 (Continued)

Farmers’ opinion X Meaning
(SD)
When you have a problem, you can seek help from people 3.18 Agree
in the community. (0.714)
If someone in the village borrows money from other people 291 Agree
in the village, the borrower will bring the money back. (0.814)
You can leave your children with someone in the village, 1.70 Strongly
when away from home for one day or have urgent matters. (0.932) disagree
If you borrow a small amount of money from your neighbor 1.73 Strongly
because of urgent matters, neighbors will lend you free of interest. (0.943) disagree
If there are people like you in the village, they can make the 3.29 Strongly
village more livable. (0.957) agree
Total 2.72 Agree
(0.324)
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Table 3 Obstacles affecting agricultural occupation of farmers

(n =589)
Obstacles X Meaning
(SD)
Climate change 3.37 Moderate
(0.961)
Changes in government regulations and subsidies 3.27 Moderate
(1.074)
Prices for fast-changing inputs, such as fuel oil, seed, fertilizer 3.96 High
and pesticides (0.892)
Product price uncertainty 3.83 High
(0.942)
Migration of rural workers to work in the city 2.81 Moderate
(1.113)
Collapse of irrigation infrastructure 3.54 High
(1.164)
Natural disasters that cause floods 3.21 Moderate
(1.301)
Total 3.43 High
(0.649)
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Taun (1) Auluguvudnazaulawsis osvoanuies

Table 4 The relationship between the level of obstacles in agricultural occupation

and interdependence in the community

(n = 589)
Item r P-value
Most of the people in this community are honest and trustworthy. 0.086* 0.037
People in the community are always interested in their welfare. -0.104* 0.012
Someone in this community has tried to take advantage of you. -0.103* 0.012
You are not interested in the thoughts of others in the community. 0.000 0.991
Most people in this community are willing to help when they need it. 0.172%* 0.000
You have a feeling of belonging to this community. 0.095% 0.021
When urgent matter, there are people in the community ready to help. 0.167** 0.000
When you have a problem, you can seek help from people 0.183** 0.000
in the community.
If someone in the village borrows money from other people 0.112%* 0.006
in the village, the borrower will bring the money back.
You can leave your children with someone in the village, 0.038 0.356
when away from home for one day or have urgent matters.
If you borrow a small amount of money from your neighbor 0.005 0.909
because of urgent matters, neighbors will lend you free of interest.
If there are people like you in the village, they can make -0.012 0.763
the village more livable.
Overview 0.113** 0.006

**Correlation is significant at the 0.01 level. *Correlation is significant at the 0.05 level.
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Factors Related to Attitude towards Food Security Creating
at the Household Level of Farmers in Kham District, Xiengkoung Province
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This study aimed to explore attitude towards creating food security at the household level and
factors related to the attitude. The sample group consisted of 279 farmers in Kham district, Xiengkoung
province, LAO P.D.R. A set of questionnaires was used for data collection and analyzed by using
descriptive statistics and multiple regression. Results of the study revealed that, as a whole, the
respondents had a high level of attitude towards food security creating at the household level (X=4.18).
Based on its details, food utilization had a highest level of an agreement. This was followed by food
availability, access to food, and food stability, respectively. There were six variables having statistically
significant relationships at 0.05 with the attitude. However, five variables had positive relationships:
incomes earned from the agricultural sector; incomes earned from non-agricultural sector; frequency of
the participation in food security perception; and knowledge about food security creating. Only

household expenses had a negative relationship with the attitude.

Keywords: farmer attitude, food security, household level
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Table 1 Attitude towards food security creating at the household level of farmer in Kham district,

Xiengkoung province, Lao People’s Democratic Republic

(n=279)
Attitude towards food security creating X S.D. Description
at the household level

Food availability 4.20 0.704 Agree
Food access 4.18 0.699 Agree
Food utilization 4.26 0.804 Agree
Food stability 4.08 0.800 Agree

Total 4.18 0.671 Agree

4.51-5.00 = strongly agree, 3.51-4.50 = agree, 2.51-3.50 = neither agree nor disagree, 1.51-2.50 = disagree,

1.00-1.50 = strongly disagree
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Table 2 Factors associated with attitude towards food security creating at the household level

of farmers in Kham district, Xiengkoung province, Lao People’s Democratic Republic

warAIuniNgIns Ae nsldanuiwazinalulad

111928t UNISTANITASLUIUNTHA ALAT TR

Independent variables

Dependent variable

Attitude towards food security creating

at household level of farmers

B t Sig.

1. Gender -0.003 -0.049 0.961
2. Age 0.002 0.064 0.949
3. Marital status -0.007 -0.059 0.953
4. Educational attainment 0.169 1.719 0.087
5. Ethnicity 0.064 0.891 0.374
6. Number of household members 0.000 0.011 0.991
7. Number of laborers 0.002 0.058 0.954
8. Agricultural area -0.004 -0.758 0.449
9. Agricultural income 9.271E-06 5.816 0.000”
10. Extra/additional income 4.705E-06 2.076 0.039"
11. Expenses -5.749E-06 -3.902 0.000"
12. Debt burden -2.042E-06 -0.435 0.664
13. Social position -0.012 -0.147 0.883
14. Participation in community work 0.047 1.165 0.245
15. Agricultural official contact 0.020 0.751 0.454
16. Participation in a training 0.034 2.239 0.026"
17. Receiving information from a variety of sources 0.017 5718 0.000”
18. Knowledge about food security in households 0.103 8.955 0.000"

Constant 1.977 8.261 0.000™

R®=0.471 (47.10%), F = 14.759, Sig. F = 0.000”

*Statistically significant level at 0.05; **Statistically significant level at 0.01
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Application of Activity-based Costing Data in the Production Process
of the Cape Gooseberry to Determine the Break-even Point and to Develop

the Guidelines for Kae Noi Royal Project Cooperative Members’ Sustainable
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The purpose of this study was to analyze the activity-based costing in cape gooseberry
production process in order to determine the break-even point and to develop the guidelines for
Kae Noi Royal Project Cooperative members’ sustainable. The sample size was determined by using
non-probability sampling method, started with the selection of the population based on the five criteria
of the Equitable Education Fund, which is the funding source, and determined the quota sampling of
60 sample. The sample was randomly selected by convenience sampling and purposive sampling, the
respondents must be voluntary to provide the information. The results showed that the yield of cape
gooseberry of Kae Noi Royal Project Cooperative members (target group) was 2,500 kilograms per rai,
with the total area of 20 rais of cape gooseberry farming. There were 7 activities in the production
process, each with different costs. The overall cost for the production of cape gooseberry in the area
of 20 rais was 1,099,481.60 Baht per year. The price that the Royal Project bought from the farmers were
50, 55 and 60 Baht per kilogram, while the break-even point of the selling price of the cape gooseberry
production of the farmers were 1,099.48, 999.53 and 916.23 kilograms per rai, respectively. As a result,
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the yield of the next production of cape gooseberry should be higher than 1,099.48 kilograms per rai,

then the target group can earn the profits at a price that not less than the lowest buying price of The

Royal Project at 50 Baht per kilogram. In conclusion, in order to sustainable develop the guidelines, the

Kae Noi Royal Project Cooperative members should focus on the transformation of the Thai agricultural

sector to the new normal concept and adapt themselves to the concept of the sustainable

development goals (SDGs), including the activities such as reducing the use of chemicals, weed control,

prevention and elimination of pests and plant diseases, fertilizer cost control, operation according to

the sufficiency economy philosophy, and produce a variety of agriculture.

Keywords: activity-based costing, plant production process, product, cape gooseberry
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Table 1 Activity based costing analysis

Activity Activity cost Unit cost
Variable cost
1. Selection of seedlings 920.00 Baht per rai
2. Land rental and soil preparation 5,500.00 Baht per rai
3. Planting costing 5,500.00 Baht per rai
4. Soil fertility control management 15,312.00 Baht per rai
5. Weed control, prevention, elimination 16,000.00 Baht per rai
of diseases, insects and pests
6. Maintenance of equipment and other 2,500.00 Baht per rai
material costs
7. The cost of harvesting, collecting, pruning - 9,242.08 Baht per rai
and transportation costs
Total - 54,974.08 Baht per rai
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Table 2 Volume-analysis break-even point per rai and price level

Descriptive Unit Price

Unit price (Baht/kilograms) 50.00 55.00 60.00
Production volume per rai/kilogram 2,500.00 2,500.00 2,500.00
Revenue per rai 125,000.00 137,500.00 150,000.00
Less production cost 54,974.08 54,974.08 54,974.08
Operating profit 70,025.92 82,525.92 95,025.92
Volume of production profit per rai/kilogram 1,400.52 1,650.52 1,900.52
Break-even production volume per rai/kilogram 1,099.48 999.53 916.23
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Guidelines for Managing the Activity-Based Costing analysis in Cape Gooseberry Production Process

for Pricing in Kae Nol Royal Project Cooperative Members

( Changing the Thai Agricultural Sector to New Normal )@I—/ —( People Development ) =

Integrated Agriculture with
an Emphasis on Subsistence

Farming

Variety of Agriculture

Build Immunity by Reducing Risks

and Uncertainties
-

Pesticide Free Agriculture

r,

( Development Partnership )@—/

Public/Private Support y

Build a Conscience of

Organizational Ownership

( Peace and Justice

Build a Network of Farmers

Knowledge Sharing and Happy

Agricultural Society

| Sufficiency Economy Philosophy

LAgricuItu re Innovation

Smart Farming
-

—CEnvironmenUPlanet ) =

| Natural Scraps Proassing

| Occuptiens Promotion to Reduce Deforestation

Economy and Prosperity/Prosperity ) =

Build a Community Career Group

Generate Income Based on
| Community Ecomomy

Figure 1 Guidelines for sustainable development of Kae Noi Royal Project cooperative members

in order to manage the activity-based costing in cape gooseberry production process
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Marketing Communications and Brand Strategy Development to Promote

Environmentally Friendly Agricultural Products to Consumers
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This study developed a marketing communications and brand strategy platform for agricultural
products that were environmentally friendly, starting with organic vegetables. The research used the
mixed methods research methodology, which includes the in-depth interview with a total of 28
academics, marketers, distributors, farmers and consumers, as well as the survey data from 400
respondents who consumed agricultural products that were environmentally friendly in Bangkok. In
the second phase data was collected from two workshops to develop the marketing commmunications
and branding strategy. From the first phase, by using cluster analysis, the consumer were divided into
three groups: health conscious and interested in marketing communications group; convenience and
understand in benefits group; and elderly, who were concerned about products’ quality, family and
health. The second phase of the research yielded the creation of from Heart to Health platform, which
was defined as the sharing of goodness from farmers to consumers encouraging sustainability. The
marketing communications strategy was developed into four stages which were: 1) create awareness
about the commitment to grow quality standard vegetables for consumers; 2) get consumers to consider
that organic vegetables can be used to make a variety of dishes; 3) create engagement within the
community in the various sales channels including recommending other consumers to buy the products

and 4) repeat purchase of organic vegetables from the community.

Keywords: marketing communications and brand strategy, environmentally friendly agricultural

products, organic vegetable
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Table 1 Final cluster-segmented by factors influencing buying decision making

Factors influencing buying decision making

Cluster (persons)

Cluster 1 (219)

Cluster 2 (110) Cluster 3 (71)

Marketing commmunication factor
Environmental concern factor
Social norm factor

Nutrition and health factor

0.56591 0.28295 -0.55932
-0.12006 0.15785 -0.02828
-0.78362 -0.16446 0.62118

0.75094 -1.21227 0.32860
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Figure 1 Campaign logo prototype
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Table 2 Marketing communications based on the consumer journey

WaTAAIARNNEATDUNSTluUSEWA IMednaIy Natily

BRAND ROLE: Passing on the love from the heart of the farmers to the health of consumers

and the income goes back to the development of farmers

HUMAN CHALLENGE: Organic vegetables are good for one’s health, and those you love,

and the environment. How to eat it every day?

1. AWARE 2. CONSIDER 3. ENGAGE 4. REPEAT
OBJECTIVE Customers would be  Stimulate customers so Stimulate consumers  Promote repeat

aware of the intent of  that they will see that to participate in the purchase

the community organic vegetables can be  community, market,

determined to cooked in a variety of ways  or in the online

produce agricultural and good for the health. world so that they

products that are will know the story

good to the health of and share with

the farmers and want others.

to share this goodness

with the consumers

and their beloved

families.
TASK Create expectations Provide recommendations  Provide special Find platform,

for customers in
making the purchase
at distribution source
or through the online
system

and ideas in cooking food
from Thai vegetables that
have beneficial health
values and eat for
medication, which is better
than medical treatment
when one gets sick.

promotion from the
heart of the
community, which is
not discount for
consumers but rather
giving them the
opportunity to
experience the good
feeling

channel, and
tools for creating
community to
foster customer

loyalty
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Table 2 (Continued)

BRAND ROLE: Passing on the love from the heart of the farmers to the health of consumers

and the income goes back to the development of farmers.

HUMAN CHALLENGE: Organic vegetables are good for one’s health, and those you love,

and the environment. How to eat it every day?

1. AWARE 2. CONSIDER 3. ENGAGE 4. REPEAT
MESSAGE ”QOrganic vegetables “Organic vegetables can be  “Get more than “Special priced
from the heart of the  used to cook a variety of vegetables. Share products for
community is shared  dishes and is good for your  good things and the members, who
for your health.” health as well as your love for health, love good
family. It is also good for environment, and health.”
society and farmers. It is community.”
worth the effort to try to
buy it.”
EXPECTED Organic vegetables I must try to find organic I would visit the | am part of the
OUTCOME are important to good  vegetables to cook formy  community that community both

health. | am
determined to select
it and cook for my
loved ones.

family more often.

online and offline
that support

the production
so that | can be
confident that

| have organic
vegetables to eat
continuously.

produces organic
vegetables so | would
be confident in the
production process
that it is grown with
love in all stages.
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The objectives of the research were to study the identity of Ban Wang Sai community and a
guideline to develop the identity of Ban Wang Sai community for tourism development in Thung Song
district, Nakhon Si Thammarat province. Purposive sampling was used to select 15 participants as the
population and key informant groups in this study, including community leaders, the chairman and
committee of Ban Wang Sai Upstream Tourism Community Enterprise, and commmunity members who
participated in various community activities. Based on the nature of the data gathering, research tools
include focus group interview forms and informal interview forms for in-depth interviews. The collected
data were analyzed by categorizing, explaining and content analysis. The findings revealed that Wang
Sai community's identity comprises of: 1) tangible identities, for example, the community's characteristics
that were rich in natural resources. This leads in an outstanding natural heritage, such as the presence
of diverse forests, wildlife, and plants; and 2) intangible identities such as traditions, beliefs, rituals, and
local wisdom. When the community's capacity to promote identity for development was evaluated,
abundant forest resources, various species of plants, and wildlife were discovered to be strengths. As
a result, promoting the community's potential to present their identity in adherence to various
standards, such as natural tourist attraction quality standards, which assess the characteristics of

communities rich in natural resources, and Community-Based Tourism (CBT) standards, among others,
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can help promote the adoption of such community identities to the development of appropriate

tourism for Ban Wang Sai community. The guidelines were tourism routes based on the community's

rich forest resources and distinctiveness, as well as environmental management, improving the

landscape of tourist attractions in the community, Integrated marketing through online and offline PR

communication, development of local food, and creation of a community brand.

Keywords: community identity, tourism development
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Identity of Ban Wang Sai Community
1) Tangible identity
2) Intangible identity

Suggestions for Enhancing

of Ban Wang Sai community’s identity

Tourism development
guidelines for
Nakhon Si Thamnmarat Province

at the Community and Area

Figure 1 Research conceptual framework
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Table 1 Analysis of the potential of Wang Sai community to promote identity in tourism development

Strengths

Weaknesses

1) A livable community with love and unity
helping each other and safety in life and
property.

2) It is a watershed forest that nourishes several
areas, including Ban Namphu village, Moo. 6,

Tham Yai sub-district, and Ban Wang Yuan village,

Moo 6, Teewang sub-district.

Lack of additional occupation during the rainy
season (main occupation in agriculture only

rubber plantation)
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Table 1 (Continued)

Strengths Weaknesses

4) The area is a watershed forest. As a result,
a small stream flows through the village
all year.

5) Ban Wang Sai community has a majority of
people of the same kin, resulting in the
community's collaboration in the village's
ongoing development and willingness to
take on new projects at any moment.

6) Local wisdom exists in relation to local

resources.
Opportunities Threats
There are government/local agencies and 1) Transportation routes that are not as
private organizations to provide academic and developed as they should be. During the
budget support. rainy season, there is flooding and potholes.

During the drought, there is a lot of dust.
2) Ban Wang Sai community is far from the
community in village Moo. 6, Tambon Tham
Yai, which has to travel through the mountains,
they rarely receive information from the
government and the municipality.
3) With only 34 families in the village, there
is no potential for individuals to compete
in politics, therefore they frequently lack
government supervision and assistance for

transportation budgets.
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This study aimed to examine and forecast the impact of the aging society on the total factor
productivity of Thai agriculture by using the Stochastic production frontier analysis with unique constructed
farm-level dataset. The study mainly used the data obtained from the survey of socioeconomic, household,
and agricultural labor conditions from the crop years 2010/2011 to 2019/2020 collected by the Office of
Agricultural Economics. We found that the aging society had a negative impact on the agricultural total factor
productivity of Thailand. As a result, when the proportion of aging agricultural workers to all agricultural
workers in farmers' households increased by 0.01 on average, the agricultural total factor productivity
declined about 0.0367 percent. In addition, the study found that large-scale farm households were mostly
affected by the aging society, followed by small-scale farm households and medium-scale farm households,
respectively. The study predicted that by 2029, the higher level of entry into an aging society will lead to an
average decline of 0.88% in the total factor productivity of Thailand's agricultural sector. However, the
development of other factors, such as access to irrigation system, increase in education level, increase in
non-agricultural income, participating as members of farmer’ institutions, and increase in farm diversification,
will contribute to the improvement of total factor productivity in the agricultural sector. Nevertheless, the
study also revealed that the difference between the maximum and minimum temperatures had a negative

impact on the total factor productivity of Thailand's agricultural sector.

Keywords: aging society, Thai agriculture, total factor productivity, Stochastic frontier analysis
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Table 1 Definition and summary statistics of variables

Full sample Small farm Medium farm Large farm
Variable Definition/Unit
Mean Sd. Mean Sd. Mean Sd. Mean Sd.
Y Output value (Baht) 396,693.00 447,929.60 266,057.60 309,561.30 329,458.30 331,983.10 595,752.90 579,121.00
N Land area (rai) 26.48 26.89 7.60 3.65 19.62 4.11 52.38 32.66
L Number of labors (person) 2.45 0.77 2.32 0.69 244 0.75 2.59 0.85
K Capital value (Baht) 357,414.10 929,870.20 190,677.80 592,063.10 284,567.20 802,573.30 598,548.60 1,229,898.00
Irrigate Access to irrigation (1=access to irrigation, O=otherwise) 0.25 0.43 0.24 0.43 0.23 0.42 0.28 0.45
ShrSchool Proportion of agricultural workers who have completed high school to all 0.17 0.21 0.15 0.21 0.16 0.21 0.19 0.21
agricultural workers in the household
ShrOld Proportion of elderly agricultural workers to all agricultural workers in the 0.29 0.39 0.33 0.42 0.29 0.39 0.25 0.36
household
ShrNonag Proportion of non-agricultural income to total household income 0.38 0.30 0.49 0.32 0.39 0.29 0.25 0.24
Activity Number of agricultural activities (activities) 221 1.22 1.87 1.07 2.26 1.20 2.49 1.29
MemberBAAC ~ Be a member of the BAAC group (1=yes, 0=no) 0.65 0.48 0.54 0.50 0.66 0.47 0.74 0.44
MemberCO Be a member of a cooperative group (1=yes, 0=no) 0.12 0.33 0.12 0.32 0.12 0.33 0.13 0.34
MemberAG Be a member of the farmer group (1=yes, 0=no) 0.12 0.32 0.12 0.32 0.12 0.32 0.11 0.32
Temp Mean temperature during growing season (°C) 26.89 0.49 26.89 0.48 26.87 0.49 26.89 0.51
Rain Cumulative rainfall during growing season (mm) 1,545.52 393.23 1,583.40 417.72 1,555.30 387.62 1,497.48 367.54
TempRange Difference between maximum and minimum temperature (°C) 28.46 167 28.47 1.66 28.45 1.66 28.45 1.70
Poor Household income per person less than the poverty line (1=yes, 0=no) 0.05 0.21 0.04 0.19 0.04 0.20 0.07 0.25
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Table 1 (Continued)

Full sample Small farm Medium farm Large farm
Variable Definition/Unit
Mean Sd. Mean Sd. Mean Sd. Mean Sd.
North Whether household located in the Northern region (1=yes, 0=no). 0.22 0.42 0.24 0.43 0.19 0.39 0.25 0.43
South Whether household located in the Southern region (1=yes, 0=no). 0.09 0.29 0.12 0.33 0.09 0.29 0.07 0.26
East Whether household located in the Eastern region (1=yes, 0=no). 0.06 0.24 0.06 0.24 0.05 0.22 0.07 0.25
West Whether household located in the Western region (1=yes, 0=no). 0.05 0.22 0.06 0.24 0.04 0.20 0.05 0.21
Central Whether household located in the Central region and Bangkok (1=yes, 0=no) 0.14 0.34 0.11 0.31 0.11 0.32 0.18 0.39
Northeast Whether household located in the Northeast region (1=yes, 0=no) 0.44 0.50 0.41 0.49 0.52 0.50 0.38 0.49
Observation 69,903 23,482 23,181 23,240

Source: Authors’ calculation
Sd. is an abbreviation of the standard deviation. The small farm has the farmland area less than or equal to 13 rai, the medium farm has the farmland area greater than 13 rai and less than 27.5 rai and the large

farm has the farmland area greater than 27.5 rai.
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9199991NA15ANWIV8Y Jondrow et al. (1982) wana
lansaunsi (2)

e @
a,

E(uitl€ir) = wue + 0. U
1-F(—1

a.

1ne?l £() Ao WATUAMUNUILUUVDIAIY
urazidunuuunfiuinsgiu (Standard normal
density function) uay F(-) fie feanduaiuiiazidy

dvdy (Cumulative distribution function) 1194

2 2 2

—Ou€it 2 Oy Oy
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Fanadeluduneudt 1 uas 2 ldvnseuuANER
AnUaTuN1HENIN (TFP,) 1Agene8aananudne

994 Chen and Gong (2021) Fauandlgsaunisi (3)
TFP, = exp (a + A — u;p) (3)

nsanseiludoufiaas Iadmanisiuim
AARNNTaTENISNANTIN (TFR,) 71 bA91nA13
Siasrsiludruusnunldlunisinuniladedifinase
nann nvadenisuansinluniainens aae
KWUUI1899 Multiple linear regression I‘UEULLU‘U
Semi-log model $2uAUATNITUTZUIUAILUY
Generalized least square 4t aurlud gyua

Heteroscedasticity Fauanslansaunisi (4)

InTFP;, =y, + y1Irrigate;, + ShrSchool;;
+ y3Shrold;; + y,ShrNonag;;
+ ysActivity;,, + MemberBAAC;,
+y,MemberCO;; + ygMemberAG,
+ yyPoory + yoTempRange;;
+ 6, Temp; + 6,Temp;* + 83Rain;,

+ 84Rain;® + A, + A + wy (4)

Tnedi TFP, fio nannniladniswansiuves
asadoud i TudF ¢ Irrigate;, Ao Jadun1sdids
sausznuvesnsnSoudl i WA ¢ Shrschool, Ao
Yadunsinwmuesasideud i Wi ¢ Shrold,, fe
Hadumsitingdenngeiovesaianioud i ludi t
ShrNonag;, A® U3385181A UBNN1ALAYATVYDS
asasoudt 1 Tl ¢ Activity;, fo S1uiuRanssu
MIMBnuRsvensaSeudt i 1udf t; MemberBAAC,
fo Yademsduaundnsuimsii anisinuasuas
annsainIsnens (5.0.4., BAAC) vasnsaSaudt i 1ud
il t; Memberco,, fio Hadunsluan@nnquannsal
vonsaseudl i WA t; MemberaG, Ao Jadons
duaundnnguinuninsvesadausoud i ludi ¢
Poor, fie Jadeanueinauvesesadeud i Tl
ey TempRange;, AB AVIUUANANYDIRUNN TN
uazgunnfiangn (Table 1) ludruvasdadoanin
anAlaimualiladeamgll (Temp;,) wazUsunm
YW (Raing) ﬁmmé’mﬁuﬂugmmuﬁlﬂLﬂuLﬁumq
AUNAANINUTUNITHANTIY

uaﬂmmfu A, A® Regional Fixed Effects; A,
A9 Year Fixed Effects; t Ao Ifvhnsanen Umswrean
WA 2553/2554 feUn1sinnedgn w.e. 2562/2563);
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afeuiiAruiAuwnnas @i uidoasoma
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ShrNonag;, A® Uade518lauann1ALNYASVD
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Poor;, Ao Yadaanuenaunesnsadeudl i ludd ¢
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W.A. 2553/2554 5ﬁlﬂmwwﬂqﬂ W.f. 2562/2563);
o 78 AR Dy, gy o) pra AD MITIWNADS UAE 7,
Ao mnuRaaLAEeY TeinsAnwlududazvinnns
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wudatunsieseiludiudiaos
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wssnununsgeiglutinngUgn we. 2572/2573 a0
aumsiuszananslaluduusn Tududl 3 uanis
Lﬂﬁmmmaaﬁwd’aumaaLLﬁqmumwmqﬁa‘LuﬂL‘wwzﬂqﬂ
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Table 2 Estimated results of production function

NAN15ILLAZ AT

nan1sAnuludaufinils nasussananis
flafdun1sudn (Table 2) wuin Jadefiau useau
wazNu Apuduiusiunandneg1alidedAgnig
addTissiuaudesfudenay 99 staien o, hay oy
gniuldlunisaurnaianulidvszdnsam
Wanela (u;,) FaamnIs7 (2) uaAnasd (Constant: @)
LazNaINN13AIUANTITENIIRIUIAT (Year Fixed
Effects: A¢) gninanldluniseunudmdnnimdady

a 2 dl
AITNANTIH AIFUNTN (3)

Variable lny
Coefficient S.E.

(nN -0.2336%** 0.0290
(nL 3.5551%%* 0.0950
(nK -0.5296*** 0.0293
(nN x (nN 0.0590%** 0.0019
(nL x nL -0.7549%** 0.0266
(nK x (nK 0.0319%** 0.0014
(NN x (nL -0.2245%** 0.0112
(NN x (nK 0.0273%** 0.0027
(nK x (nL -0.0696*** 0.0090
Constant (&) 12.6460*** 0.1674
Year Fixed Effects (A¢)

(% -0.7532%** 0.0251
g, -1.1883*** 0.0135
Observation 69,903

xxx xx ¥ account for the statistical significance at 1, 5 and 10%, respectively, and S.E. is the abbreviation of standard error.
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Sy 9Tl we. 2561/2562 fienwiniu 10 1Ll wel. 2562/2563 mudndtu viail T Sewinfu 20 Wil we. 2572/2573) Tr fle winfiwes uae €5, Ao erupaaadon
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Aging effects in 2029

Thailand agricultural total factor productivity index
Base yer : 2015/2016

TFP + 0.88 %
103

103

102

102

W
101 - }’N
101 P
100 )
M (182
M (16,18
100 W (1416
= (1.2,1.4)
(11.2)
99 (8,1]
2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 ¥ “ {f::}
(2.4)
0,2)
——North —South ——East —West Central ——North East ==-Average ,7)’\\/ O Mo data
<
(A) (®

Figure 2 Thailand agricultural total factor productivity index (A) and projected impacts of aging

on agricultural total factor productivity (B)
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Table 3 Marginal effect of factors influencing the agricultural total factor productivity classified

by farm size
Variables In_TFP
Full sample Small farm Medium farm Large farm
Adjusted S.E. Adjusted Adjusted S.E. Adjusted S.E.
Coef. Coef. Coef. Coef.
Irrigate 0.0199%*** 0.0018 0.0289*** 0.0031 0.0375*** 0.0029 0.0428*** 0.0027
ShrSchool 0.0954%*** 0.0034 0.1381*** 0.0061 0.1068*** 0.0055 0.0335%** 0.0052
Shrold 0.0367*** 0.0020 -0.0409*** 0.0033 -0.0337*** 0.0032 -0.0521%* 0.0032
ShrNonag 0.1607*** 0.0026 0.2068*** 0.0047 0.2260%*** 0.0043 0.1278*** 0.0053
Activity 0.0230%** 0.0005 0.0284*** 0.0010 0.0226*** 0.0009 0.0198*** 0.0007
TempRange 0.2045%** 0.0159 -0.1870*** 0.0310 -0.2420%** 0.0257 -0.2130%** 0.0242
Temp -0.1007*** 1.2231 -0.0559 2.4963 0.1995 1.8844 -0.2636*** 1.7886
Rain 4.90E-05*** 1.18E-05 2.45E-05 2.07E-05 3.18E-05 1.76E-05 5.68E-05%** 1.89E-05
MemberBAAC 0.0290%*** 0.0018 0.0419*** 0.0029 0.0234%** 0.0028 0.0227%*** 0.0030
MemberCO 0.0291%** 0.0023 0.0242*** 0.0043 -0.0010 0.0041 0.0092** 0.0033
MemberAG 0.0115%** 0.0023 0.0078 0.0040 0.0290%** 0.0036 0.0090** 0.0033
Poor 0.3475%** 0.0082 -0.4004*** 0.0184 -0.3563%*** 0.0138 -0.3119%%* 0.0111
constant -34.4832* 16.3200 18.5783 33.4482 31.9420 25.1326 -61.9043* 23.8035
Year FE Yes Yes Yes Yes
Region FE Yes Yes Yes Yes
R-squared 0.3657 0.3704 0.4542 0.4794
RMSE 0.1915 0.2006 0.1737 0.1417
Observation 69,903 23,482 23,181 23,240

xxx xx * account for the statistical significance at 1, 5 and 10%, respectively. Adjusted Coef. is the exact percentage change in the

dependent variable resulting from 1 unit change in the independent variable; S.E. is the standard error; Year FE is the year fixed effects;

Region FE is the regional fixed effects and RMSE is the root mean squared error.
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Table 4 Agricultural technical inefficiency and its determinants classified by farm size

Variables Technical Inefficiency
Full sample Small farm Medium farm Large farm
Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Irrigate -0.0197*** 0.0018 -0.0285*** 0.0031 -0.0368*** 0.0029 -0.0419%*** 0.0027
ShrSchool -0.0911%** 0.0034 -0.1293*** 0.0061 -0.1015%** 0.0055 -0.0329*** 0.0052
ShrOld 0.0374*** 0.0020 0.0418*** 0.0033 0.0343%** 0.0032 0.0536*** 0.0032
ShrNonag -0.1490%** 0.0026 -0.1880%*** 0.0047 -0.2037%*** 0.0043 -0.1203*** 0.0053
Activity -0.0228*** 0.0005 -0.0280%** 0.0010 -0.0224*** 0.0009 -0.0196*** 0.0007
TempRange 0.2287*** 0.0159 0.2070%** 0.0310 0.2770*** 0.0257 0.2395%** 0.0242
Temp -0.0543%** 1.2231 -2.7254 2.4963 1.0443 1.8844 -6.1997*** 1.7886
Temp® 0.0760*** 0.0229 0.0508 0.0467 -0.0224 0.0353 0.1189*** 0.0336
Rain -1.00E-04*** 1.18E-05 -2.08E-05 2.07E-05 -4.36E-05 1.76E-05 -1.53E-0g*** 1.89E-05
Rain? 1.66E-08%** 2.72E-09 -1.16E-09 4.68E-09 3.80E-09 4.19E-09 3.22E-08*** 4.35E-09
MemberBAAC  -0.0286*** 0.0018 -0.0411*** 0.0029 -0.0231%** 0.0028 -0.0225%** 0.0030
MemberCO -0.0287*** 0.0023 -0.0239*** 0.0043 0.0010 0.0041 -0.0091** 0.0033
MemberAG -0.0114%x* 0.0023 -0.0077 0.0040 -0.0286*** 0.0036 -0.0090** 0.0033
Poor 0.4270%** 0.0082 0.5114%** 0.0184 0.4405*** 0.0138 0.3738*** 0.01111
constant 48.1289%** 16.3200 31.2241 33.4482 -19.2951 25.1327 74.5418** 23.8035
Year FE Yes Yes Yes Yes
Region FE Yes Yes Yes Yes
R-squared 0.2109 0.2479 0.3111 0.3771
RMSE 0.1915 0.2006 0.1737 0.1417
Observation 69,903 23,482 23,181 23,240

*¥x *¥% ¥ account for the statistical significance at 1, 5 and 10%, respectively. Coef. is the coefficient; S.E.is the standard error;

Year FE is the year fixed effects; Region FE is the regional fixed effects; and RMSE is the root mean squared error.
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