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The Appropriate Growing Stage for Harvesting of Senna alata (L.) Roxb Leaves

Contained High Yield of Hydroxyanthracene Derivatives according to Standard Criteria
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Chum-Het-Thet is an herbal medicine listed in the national list of essential medicines as a
remedy to relieve constipation. The varied amount of an active constituent was reported and their
proportions can affect the quality and efficacy of the herb for treatment. The World Health Organization
recommends that harvesting herbs at the appropriate growing stage is a good way to obtain qualified
raw materials. The aim of this research was to study the appropriate growth stage for harvesting Chum-
Het-Thet leaves in order to obtain high yield of total hydroxyanthracene derivatives in order to comply
with standard criteria. Plants used in this experiment were propagated from seed before transplanting
into the field where they were maintained and the leaves were continuously harvested over 2 years.
Total hydroxyanthracene derivatives were analyzed monthly using spectrophotometry. Thai Herbal
Pharmacopoeia recommends that leaves must contain total hydroxyanthracene derivatives no less than
1.0% of dry weight. In this research, this plant was well grown and looked strong throughout this study.
For the first year of the growing season of the plant, Chum-Het-Thet leaves were found to have high
content of total hydroxyanthracene derivatives which were compiled using the standard criteria. The
leaves at the 4th and 6th months growing, which were a prior flowering period, showed vyields of

1.59+0.014% and 1.07+0.0809%, respectively calculated on the dried basis. The leaves were obtained
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from the 9th and 10th months of plant growth, a flowering period. The amount of total hydroxyanthra-
cene derivatives were found at 1.51+£0.096% and 1.26+0.057%, respectively calculated on the dried
basis. For the second year of growing season, the leaves were also showing a large amount of total
hydroxyanthracene derivatives from February. Then, the compounds showed continually high yield until
November (1.05+0.058% to 2.09+0.013% on dried basis); that was the growing period of this plant. In
conclusion, the appropriate harvesting time to get the high yield of total hydroxyanthracene derivatives

was the prior flowering, during the blooming, and also the post blooming period of the plant

growth. The collecting time in the prior flowering stage should be considered the plant age.

Keywords: Chum-Het-Thet, Senna alata (L.) Roxb., harvesting, growing stage, hydroxyanthracene

derivatives
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(A)
OR O OH
S,
o}
R, R, R,

Rhein COOH H H
Rhein-8-glucoside COOH CH,,0, H
Emodin CH, H OH
Aloe-emodin CH,OH H H
Chrysophanol CH, H H
Physcione CH, H OCH,

Glu—0O O OH
OQO R
H H 1
R
O“O 2
O OH

Glu—0O

(B)

R, R, Isomeric form
Sennoside A COOH COOH (+), trans
Sennoside B COOH COOH meso, cis
Sennoside C COOH CH,OH (+), trans
Sennoside D COOH CH,OH meso, cis

Figure 1 Structure of hydroxyanthracene derivatives obtained from Senna alata (L.) Roxb leaves

(A) monomer structures and (B) dimer structures
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wmnzUgnyaiiamaiseylugileayulnsiients
a5130UeU3ag1u (Herbal Research and Development

Division, 1990; Research and Development of

Herbal Product, 2002) Lag 310974738V 8 3
Panichayupakaranant and Intaraksa (2003) 78974
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nsfinuiinisnIUinaaduiieis
Loss on drying kansfinwnuin faegnensluganiia
wefieFeduiielitinmsinunwlundd asanu
USinmaanudiufesas 7.35+0.097 f9 9.17+0.181
Tatwifn (Table 1) Fudulumunasiunnsgiu
msumsgueagulnglng dvuaingivayulns
yudamendamnmdesiiUsinaemuiulifusesay

11.0 Tnednidn fadudregramsduinaaradidn
Anniidusegnefivanzau masdeundugudiame
Frensiafaeg1aluanndsainnisiidnsinaiy
dvo1nfetare1n anauliuianenuin 9 wé
Wluviiviesiegeuausou gamgiiusean 40-45.

UIUUTENI 5 V3. LEIUITOAITAAINTUDDNAIN

Tugiinwmealanmanasiannsgiu

Figure 2 The growing of Senna alata comprised of (A) Seeds, (B) Germination, (C) two-month old plant

which was in March, (D) three-month old plant which was in April, (E) inflorescence, (F) dry pod

of the plant, (G) two-month old plant in the second years growing, (H) three-month old plant

in the second years growing and (I) leaflets of mature leaves

MTlnTeivsinaeyiuslensendueumnsdu
57U81989n153LAT12a T ludA1S11IR s gIue0
ayulnslng Tnonisatasdu-s-ngleles fetifeu
Mnduiuiasenfuansazansmesinaaslsduas
nsalelasnasiniduduiiieriareiusznglaledly

fi5dudase mnduiluviufateadiansarld
asazarsduadonvuy asraiaUunaiieiedes
gTiaTa anlnsalny duesgrueagulnsing
fvuaingAuyuiimadivugandniuiiluedon

g1foelUTuIaITauNUSlanTaNTRa UNIIFUTIX
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litfonnindoray 1.0 Wnsvniinuis wansinae
TuguiiamaiiAuifsiluszezusnvesnisugn
nuluusaryegAunTIINUAITEYRUSlEnTaNT
LaUNIFUTIMUTIUANA1aTL InenudTtuguiiin
mAnnduifeny 3 ieu nvanuUTmaasddy
azaudouay 0.3320.002 Ingdmnusts Fenis
NUIIIRTEIL YgFuey 4 Lieundiugn
(ngun1aw) asranuluaasdrfygaduliniy
naTRsgIY Fo wuderaz 1.59:0.014 Tngvwmin
wis uenaniiganuin mafuiReludesigfunasy
6, 9 wag 10 IhBuUNAIUgN %qmﬂﬁ’mﬁauﬂiﬂgmm
AAIAN WAENYAINIEY AzNUUTUIUAITAAYES
lnenuiesay 1.07+0.080, 1.51+0.096 uay 1.26+0.057
Tngtmiinuia auddy (Table 2) WoRiarsanay

9N1aLATYLAULAYDINY NUINYIUFDUNGYA1AY

Fansatiuongsiu 3 oy sufufoudugieu audu
JELNBUNITODNABNVDIAUGULTANA Tz8ZNIT08N
ponvesyuLiininazisuluifounatauauia
waARney Sansafuengdu 9 wag 10 o luifeu
Funeunuinszuismeyililiaansafuielu
16 Sadpsinmsausiaiuiieliuanlulng fafuan
wansAnwmaAuRslugiamalildaunman
nguInIgIunenlussezn1sUgntusn 919a3y
1§47 ansaiinisifiuiiesluldiessezieunis
panAen wagsveziiiniseanmon lasiiludedians
auiuslansonTuouninFusiuusunagniuluniy
WNAINIATFIU @OAAROITUAILULUITBIBIANIT
ounsfelan szyuuamairlunsiuAeaulndiu
TumaiivluszegiiiuzuoonaenauiisssozFudniln

(Herbal Research and Development Division, 1995)

Table 1 The percentage of loss on drying (w/w) from Senna alata leaves powder

Time of growing

Loss on drying (%)

(month) The first year of growing The second year of growing
January Started growth NT

February NT! (1 month-old) 8.27+0.056

March NT (2 month-old) 8.31+0.153

April 9.17+0.181 (3 month-old) 9.08+0.054

May 7.35+0.097 (4 month-old) 8.29+0.090

June 8.59+0.251 (5 month-old) 7.58+0.120
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Table 1 (Continued)

Time of growing

Loss on drying (%)

(month) The first year of growing The second year of growing
July 8.23+0.092 (6 month-old) 8.74+0.082

August 7.89+0.250 (7 month-old) 9.00+0.077
September 8.87+0.140 (8 month-old) 8.83+0.107

October 7.43+0.120 (9 month-old) 8.45+0.078
November 8.30+0.040 (10 month-old) 7.83+0.035
December NT NT

NT; no test

nsasqavinvosduyadininaiiend
Uhanandenisdaussfcluiiousuaiay nans
AnsgaiUiinumsnuin luifuiRgmdsnsdaly
fauAsununusauiamgainiou ananuina
asddnygadulumunaiiasgunnifiouseiios
lngwuUSunniosay 1.05+0.058 f4 2.09+0.013 lag
dhndnuie (Table 3) Maiiflasaniladovesnis
WIYAUlALazANLANYTAIV0INY IINHANTITANY
wunasydulnszesUfiaes fnsazanuiunn
asdfyganiinmsiadgiavlnszezusniizuugn
(Figure 3) 1ilafiansaunA1uduiusve U3
a13dAANgANIALRTYLAULAYDINY WUTIHITEY
feun1seenmendanssfuifiounuaiusifugou
diusvereannanaTsiuLfounaIaudang TNy
luguiramainisazanarsddgluySuiagniy
\naueimsgIUNLAeueg eReLles Fidenadesiiy
3714798999 Dechatiwongse et al. (1998) s1891U
mMafufgiamaiiengdu 7 iounss azli

a1sdrfglulinagadulumunaeiuinsgiu ¥

1NNUITLNUINFINIADEAU 7 LABUATY AU
Wounuamusdadugisggniandinisiniln uasiiv

Bundelulmivesmsiadvlndngsresiansvos
nsAnend uaznanisAnwluadsilSiaenndoeiy
ndnnsmllresnisiAufsraulnslilaganim
wazilassnanmsemudesnisiu asiiufeaiy
MDY MNTIIAIRsTU LazAuggMIaLiUAY?
funngau Tnemafuiieaduvedlunieiadu aas
dAuieslutaiiimasyduladud Ao trafifiomas
Lsﬁﬂgjszazaaﬂﬂaﬂ (Herbal Research and Development
Division, 1995; The Sub-committee on National
Essential Drug List Development, 2013) Fatuan
wan1sAnuInsifiuifedluguiiamaluszoznig
wiyiulndiiaes oraaguldinaunsafiuifesly
yuriainalidoifosyniiounasnszoznis
WSaivlnvesiiy Tngasiiuifealudausiiion
nuAusIudsAeungrIniey tnedmulIunaeans
auiuslansenduounsiFusinilulumiuinoe

WINIFIU
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Table 2 Amount of total hydroxyanthracene derivatives and characteristics of plant obtained

from Senna alata \eaves at the first year of growing

The stage of S. alata growing Total hydroxyanthracene

Characteristics of the plant

(age after the planting: month) derivatives (% w/w) in growing period

(0)-January NT! Start planting

1-February NT Small herb and non-mature

2-March NT Leaves presenting

3-April 0.33+0.002?

4-May 1.59+0.0142

5-June 0.77+0.0322 Mature leaves presenting
and non-flowering phase

6-July 1.07+0.080?

7-August 0.60+0.029?

8-September 0.92+0.012?

9-October 1.51+0.0962 Mature leaves presenting
with flowering phase

10-November 1.26+0.0572 Mature leaves presenting,
booming and beginning pod

11-December NT Cutting the tree branch

INT: no test; 2MeanS.D. are significantly different from the standard criteria by Student’s t-test at p<0.05.

11
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Table 3 Amount of total hydroxyanthracene derivatives and characteristics of plant obtained

from Senna alata leaves at the second year of growing

The stage of S. alata growing Total hydroxyanthracene  Characteristics of the plant

(month) derivatives (% w/w) in growing period

January NT! Young leaves presenting

February 1.37+0.009?

March 2.09+0.013°

April 1.81+0.0952

May 1.89+0.0507
Mature leaves presenting
and non-flowering phase

June 1.53+0.069”

July 1.48+0.026°

August 1.97+0.0142

September 1.35+0.022°

October 1.66+0.089* Mature leaves presenting
with flowering phase

November 1.05+0.058? Mature leaves presenting,
booming and beginning pod

December NT Cutting the tree branch

INT: no test; 2Mean#S.D. are significantly different from the standard criteria by Student’s t-test at p<0.05.

12
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---m--- The first year of growing

2.5

—— The second year of growing

2.0

1.5

1.0

0.5

derivatives (%)

0.0

Amount of hydroxyanthracene

Feb Mar Apr May

Jun  Jul  Aug Sep Oct Nov

Stage of growth (month)

Figure 3 Trend in hydroxyanthracene derivatives yield which found in Senna alata (L.) Roxb leaves

at different stage of growth, during 2 years
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nsAnszrandunusuardudssansidunicludialsnanenusean 3
Correlation and Path Coefficient Analysis for Yield and its Components

in M; Generation Upland Rice (Oryza sativa L.) Mutants

4T ¥AINNS algwa JuNdadne® uazdatuns dugassa’

S
Nucharee Chadakan®, Nattapon Junsawang® and Watcharin Soonsuwon®"
LU INUIRNTINATINBATHATNITIANIT AMENSHEINTOIIUIIR UM INeSaIraIuAsUNS dswan 90110

2augAfsTuuinEng NiNeInsuAzAIINAeN AMENNENTEITUIR A Inendawatuauns awan 90110

!Agricultural Innovation and Management Division, Faculty of Natural Resources
Prince of Songkla University, Songkhla, Thailand 90110
2Agricuttural, Resource and Environmental System Research Center, Faculty of Natural Resources
Prince of Songkla University Songkhla, Thailand 90110

*Corresponding author: watcharin.s@psu.ac.th

Received: September 03, 2020
Abstract Revised: July 03, 2021

Accepted: November 01, 2021

An information of the relationship between of yield and other traits is very important for
breeders in order to select plants in each generation. This study was conducted to determine the
correlation, direct and indirect effects of yield and other agricultural traits of M; generation mutated
upland rice. The result showed that significant positive correlations were recorded between grain yield
and flag leaf length, number of tillers per plant, number of panicles per plant, number of grains per
panicle and grain weight per panicle. Among these, number of panicles per plant, number of grains
per panicle, and grain weight per panicle had highly positive direct effect on yield. While days to
flowering, days to maturity, flag leaf length, number of panicles per plant, panicle length, number of
grains per panicle, and grain weight per panicle had positive indirect effects on grain yield, via the
number of tillers per plant. These traits can be used to help rice breeders to select for the high grain

yield upland rice mutants.

Keywords: upland rice, mutants, yield, correlation analysis, path coefficient analysis
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Table 1 Phenotypic correlations of the 12 agronomic traits of Dawk Kha 50 mutants on M; generation

DF DM FLW FLL PH NT/P NP/P PaL NG/Pa GW/Pa 1,000GW GY/P
DF 0777 -0547 0.04 -035 039 026 011 010 -008 -0.39 0.09
DM 0517 -0.02 -0547 065 034 005 024 012 0.31 -0.23
FLW 038" 044" -0.18 008 026 021 041 036 0.24
FLL 0.16 027 049" 055 0527 050 -0.09 0.47"
PH 039" 000 026 007 011 0.14 -0.03
NT/P 0727 031 048" 043 -0.16 0.73"
NP/P 032 058" 054" -0.15 0.78"
PaL 033 028 -0.15 0.26
NG/Pa 0.88" -0.40" 0.81"
GW/Pa 0.05 0.87"
1,000GW -0.01

df=33,"" = significant at 0.05 and 0.01 level, respectively

DF = days to flowering (no.), DM = days to maturity (no.), FLL = flag leaf length (cm), FLW = flag leaf width (cm), PH = plant

height (cm), NT/P = number of tillers per plant (no.), NP/P = number of panicles per plant (no.), PaL = panicle length (cm),

NG/Pa = number of grains per panicle (no.), GW/Pa = grain weight per panicle (g), 1,000GW = 1,000 grain weight (g), GY/P = grain

yield per plant (g)

Table 2 Phenotypic path coefficient analysis of agronomic trait effects on yield of Dawk Kha 50
mutants on M generation
Traits Direct and indirect effect Correlation
coefficient
DF DM FWW FL PH NT/ NP/P PaL NG/Pa GW/Pa 1,000GW
with GY/P
DF 007 -010 -003 000 -001 018 006 -002 002 -004 -003 0.09
DM 005 -0.14 003 000 -002 029 007 001 004 006 -002 0.31
FLW 004 007 005 002 002 -008 002 -004 003 019 0.03 0.24
FLL 000 000 002 -002 001 012 010 -008 009 023 -001 0.47"
PH 002 007 002 000 004 -018 000 -004 001 005 0.01 -0.03
NT/P 003 -009 -001 000 -001 045 015 004 008 020 -001 0.73"
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Table 2 (Continue)

Traits Direct and indirect effect Correlation

coefficient

DF DM FLW FLL PH NT/PNP/P PaL NG/Pa GW/Pal,000GW

with GY/P
NPa/P 0.02 -0.05 0.00 -0.01 000 033 0.20 -0.05 0.10 025 -0.01 0.78"
PaL 0.01 -0.01 0.01 -001 0.01 0.14 0.07 -0.14 0.05 0.13 -0.01 0.26
NG/Pa 0.01 -0.03 0.01 -0.01 0.00 022 0.11 -0.05 o0.17 041 -0.03 0.817
GW/Pa -0.01 -0.02 0.02 -0.01 0.00 0.19 0.11 -0.04 0.15 0.46 0.00 0.87"
1,000GW -0.03 0.03 0.02 0.00 0.01 -0.07 -0.03 0.02 -0.07 0.02 0.08 -0.01

™ = significant at 0.01 level

The bold numbers on diagonal show direct effect path coefficients, the rest stand for indirect effect path coefficients. Residual
effect (1-R?) = 0.045, DF = days to flowering (no.), DM = days to maturity (no.), FLL = flag leaf length (cm), FLW = flag leaf width
(cm), PH = plant height (cm), NT/P = number of tillers per plant (no.), NP/P = number of panicles per plant (no.), PaL = panicle
length (cm), NG/Pa = number of grains per panicle (no.), GW/Pa = grain weight per panicle (g), 1,000GW = 1,000 grain weight (g),
GY/P = grain yield per plant (g)
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In northeast Thailand, many provinces grow jack beans in a large number of areas. This is
because farmers are able to sell jack bean seeds at a higher price compared to other bean seeds.
However, there are problems that can be encountered, such as slow seed germination, interferences
by diseases and pests, un-uniform seed germination, and low flowering and fruit setting rates. These
problems lead to yield reduction. Coating seed with plant nutrients can offer an alternative solution to
this problem. This experiment was conducted at the Seed Technology Laboratory, Agronomy Major,
Faculty of Agricultural Production, Maejo University. This experiment relied on Completely Randomized
Design (CRD) with 4 replications of each set of experiment which included non-coated seeds and seeds
coated with: PVP-K30 + Chitosan; PVP-K30 + Chitosan, and 0.5, 1.0, 1.5, and 2.0 grams of C4¢HgOg; PVP-
K30 + Chitosan, and 0.5, 1.0, 1.5, and 2.0 grams of MgSQ,; PVP-K30 + Chitosan, and 0.5, 1.0, 1.5, and 2.0
grams of CaCl,. The results were as follows: Jack bean seeds coated with all ratios of MgSO, and CaCl,
had better germination percentage, mean germination time, seedling fresh weight when compare to
non-coated seeds. Particularly, seeds coated with 0.5 grams of MgSO, had a higher shoot length, better
total seedling length, and were heavier when dried compared to non-coated seeds when tested under

a laboratory condition. It was also found that seeds coated with all ratios of C4HgOg had better
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germination percentage compared to non-coated seeds. Seeds coated with 0.5 grams of C¢HgO4 had

a higher shoot length, were heavier when fresh, and were heavier when dried compared to other

experiment methods when tested under greenhouse conditions
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Table 1 Seed coating formulation of Jack bean seed and applied to 45 g/seeds per treatment

Active

Seed coating formulation of Jack bean

ingredient T1 T2 T3 T4 T5 T6

Tr T8 T9 T10 T11 Ti12 T13 Ti4

PWPK30'(g) - 1.0 1.0 1.0 1.0 10
Chitosan (ml) 20 20 20 20 20
CeHsOs (9) - - 05 10 15 20
MgSQO, (9) - - - - - -
CaCl, (9) - - - - - -
water (ml) - 970 965 960 955 950

10 10 10 10 10 10 10 10
20 20 20 20 20 20 20 20

05 10 15 20 - - - -
- - - - 05 1.0 15 20

965 96.0 955 950 965 960 955 950

'PVP-K30: Polyvinylpyrrolidone
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T3, T8, T9 way T12 (Table 2)

1NNsATIRERULanRaslunITIen U
N1sLAGBULLEAIE MgSO, NN8M1 (T7-T10) Vil
windnanedslunisseniiifian fe 1.12-1.40 fu
wazuansnstuegslidedfymnsadndioFoudiou
FU3En159u 9 drunisnsieaeusalaund s
U1 NSAFDULLANGIE MgSO, 851 0.5 nSU vilw
wanidudanuudsininazunananeiuegsil
FedFyvnsadfidlowieuisuiuisnsdu o wld
NUAULANANAUANSIAGBULLAARIE MgSO, 8757
2.0 NSU waTASAABULIAARY CaCl, 8m91 0.5 NS
way 1.0 n¥u (Wensvasuluaniniiesujiinns
d1un139 519Ul UaNINTOUNAABINUI NSLAADY
Wanrie MgSO, m51 0.5 N3y Famsvinlsudailiaan
waglunssendiign Ao 1.30 Yu wazuanststuoeng
fifed1dyneadfiledouiiouduisnisdu q
(Table 3)

Table 2 Germination percentage and speed of germination of Jack bean after seed coating with difference

type and ratio of plant nutrients when tested under laboratory and greenhouse conditions

Treatment® Laboratory condition Greenhouse condition
Germination Speed of germination  Germination Speed of germination
(%) (plant/day) (%) (plant/day)

T1 95 b'? 2781 a 81 b 9.41d
T2 97 ab 25.24 ab 93 a 10.00 cd
T3 99 ab 26.92 ab 96 a 10.75 a-c
T4 99 ab 25.64 ab 96 a 10.58 bc
T5 100 a 23.06 b 94 a 10.21 cd
T6 98 ab 27.76 a 92 a 10.40 bc
T7 100 a 12.81 ¢ 93 a 11.73 a
T8 99 ab 13.07 ¢ 93 a 11.31 ab
T9 98 ab 12.35 ¢ 90 a 11.28 ab
T10 99 ab 13.20 ¢ 93 a 11.03 a-c
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Table 2 (Continued)

Treatment® Laboratory condition Greenhouse condition
Germination Speed of germination = Germination Speed of germination
(%) (plant/day) (%) (plant/day)
T11 100 a 12.65 ¢ 89 a 10.60 bc
T12 99 ab 12.16 ¢ 93a 10.84 a-c
T13 100 a 12.88 92 a 10.29 b-d
T14 100 a 13.58 ¢ 92 a 10.56 bc
F-test * *% * *%
CV.(%) 5.58 12.36 5.48 5.00

* **Significantly different at P<0.05 and P<0.01, respectively

!Means within a column followed by the same letter are not significantly at P<0.05 by DMRT.

“Data are transformed by the arcsine before statistical analysis and back transformed data are presented.

*T1 = non-coated seed, T2 = coated seed with PVP-K30 + chitosan, T3 = coated seed with CgHzOg 0.5 g, T4 = coated seed with
CeHgOs 1.0 g, T5 = coated seed with CgHgOg 1.5 ¢, T6 = coated seed with C¢HgOg 2.0 g, T7 = coated seed with MgSO, 0.5 ¢, T8 =
coated seed with MgSO4 1.0 g, T9 = coated seed with MgSO,4 1.5 ¢, T10 = coated seed with MgSO,4 2.0 g, T11 = coated seed with CaCl,
0.5 g, T12 = coated seed with CaCl, 1.0 g, T13 = coated seed with CaCl, 1.5 g and T14 = coated seed with CaCl, 2.0 ¢

Table 3 Mean germination time and vigour index of Jack bean after seed coating with difference

type and ratio of plant nutrients when tested under laboratory and greenhouse conditions

Treatment? Laboratory condition Greenhouse condition
Mean germination time Vigour index Mean germination time
(Day) (Day)
T1 2.55 a' 2193 d 2.35a
T2 2.13 ab 2394 d 2.48 ab
T3 2.06 b 2480 d 2.30 ab
T4 223 ab 2286 d 237 ab
T5 2.27 ab 2343 d 2.38 ab
T6 222 ab 2179 d 233 ab
T7 112 ¢ 3848 a 134 e
T8 1.40 c 3115 ¢ 1.83 d
T9 1.26 ¢ 3468 b 1.95 ¢
T10 132 ¢ 3671 ab 1.62 d
T11 212 ab 3550 ab 220b
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Table 3 (Continued)

Treatment? Laboratory condition Greenhouse condition
Mean germination time Vigour index Mean germination time
(Day) (Day)
T12 2.26 ab 3526 ab 2.25 ab
T13 2.10b 3637 ab 2.25 ab
T14 200 b 3399 bc 2.28 ab
F-test %% %% %%
CV.(%) 11.52 6.51 6.39

**Significantly different at P<0.01

!Means within a column followed by the same letter are not significantly at P<0.05 by DMRT.

2T1 = non-coated seed, T2 = coated seed with PVP-K30 + chitosan, T3 = coated seed with CgHzOg 0.5 g, Td = coated seed with

CeHgOs 1.0 g, T5 = coated seed with CgHgOg 1.5 ¢, T6 = coated seed with C¢HgOg 2.0 g, T7 = coated seed with MgSO, 0.5 ¢, T8 =

coated seed with MgSO4 1.0 g, T9 = coated seed with MgSO, 1.5 ¢, T10 = coated seed with MgSO,4 2.0 g, T11 = coated seed with CaCl,
0.5 ¢, T12 = coated seed with CaCl, 1.0 g, T13 = coated seed with CaCl, 1.5 ¢ and T14 = coated seed with CaCl, 2.0 ¢

n1stasgysAulnvssfunaidandrficenainiuan
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ASLARDUAIY MgSO, 8m31 0.5 A3 (T7) ¥

Y v
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£

2 o
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Wisuiflsuiuisnsdu q uilinuanuusnanaiuiu
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wananafy WewSeuiiieufuisnisdu q wilinu
AULANA1ITUAUAEANS T9-T13 Wiensiaaeuly
an el JUAns drunisesiaaeuluaniniiou
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N3 (TA) LAMUEMPUTDIAUNA WINNTILAZUANAIU

agnafitfuddyneadn dewSeudieutuwdadilyle
HUNSIARBU (Table 4)
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thwinandundgeiianuasumnietuogaiiioddy
n1eadmdioIoufieuiuisnissu q dauns
asedeut Ui undnuin Mswdeuwdadae
MgSO, 031 0.5 n$u vildihiminudsundannii
wazuanansiuegaid dnadfdloiouiiio
Fuismseu 5 ualdnumLLANARUIs S T9, T10,
T11 uay T13 iensiaasuluanwiesujiRnms du
M3nsI9aeulUaN NS DUNARBINUIN MSIARBUWEAR
#28 C,HeO, 8751 1.0 n$u (T4) vl namandu
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Table 4 Shoot length, root length, seedling length of Jack bean after seed coating with difference type

and ratio of plant nutrients when tested under laboratory and greenhouse conditions

Treatment? Laboratory condition Greenhouse condition
Shoot length Root length Seedling length Shoot length
(cm) (cm) (cm) (cm)
T1 6.83 ' 15.68 d-f 22.51d 22.24 b-e
T2 773 C 16.52 b-f 24.25 d 22.24 b-e
T3 8.14 c 16.82 a-e 24.96 d 23.17 a-c
T4 6.49 c 16.51 b-f 23.00 d 24.18 a
T5 758 ¢ 15.85 cf 23.43 d 23.34 ab
T6 798 c 14.38 f 22.37d 22.62 a-d
T7 20.22 a 18.81 ab 39.03 a 21.28 d-e
T8 16.52 b 15.05 ef 31.56 ¢ 21.68 c-e
T9 18.10 ab 18.04 a-d 36.14 ab 22.22 b-e
T10 18.19 ab 19.05 a 37.25 ab 22.20 b-e
T11 17.84 ab 17.66 a-d 35.50 ab 20.71 e
T12 17.34 b 18.17 a-c 35.51 ab 21.37 de
T13 18.08 ab 18.29 ab 36.37 ab 22.85 a-d
T14 17.26 b 16.73 a-f 33.99 bc 22.43 b-d
F-test *% *% *% *%
CV.(%) 9.65 7.31 6.61 3.80

**Significantly different at P<0.01

!Means within a column followed by the same letter are not significantly at P<0.05 by DMRT.

2T1 = non-coated seed, T2 = coated seed with PVP-K30 + chitosan, T3 = coated seed with CsHzO4 0.5 ¢, T4 = coated seed with
CeHgOg 1.0 g, T5 = coated seed with C¢HgOg 1.5 ¢, T6 = coated seed with C¢HgOg 2.0 g, T7 = coated seed with MgSO, 0.5 ¢, T8 =
coated seed with MgSO4 1.0 g, T9 = coated seed with MgSO, 1.5 ¢, T10 = coated seed with MgSQO,4 2.0 g, T11 = coated seed with CaCl,
0.5 ¢, T12 = coated seed with CaCl, 1.0 ¢, T13 = coated seed with CaCl, 1.5 ¢ and T14 = coated seed with CaCl, 2.0 ¢

Table 5 Seedling fresh weight, seedling dry weight, shoot fresh weight and shoot dry weight of Jack
bean after seed coating with difference type and ratio of plant nutrients when tested under

laboratory and greenhouse conditions

Treatment? Laboratory condition Greenhouse condition
Seedling Seedling Shoot Shoot
fresh weight (g) dry weight (g) fresh weight (g) dry weight (g)
T1 12.32 b’ 133 ¢ 33.25 b-e 5.14 bc
T2 13.01 b 1.37 ¢ 36.73 a-c 4.72 ¢
T3 1390 b 1.50 c 37.32 ab 5.37 a-c
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Table 5 (Continued)

Treatment? Laboratory condition Greenhouse condition
Seedling Seedling Shoot Shoot
fresh weight (g) dry weight (g) fresh weight (g) dry weight (g)
T4 12.28 b 1.30 ¢ 40.32 a 6.07 a
T5 13.90 b 147 c 37.47 ab 557 ab
T6 13.38 b 1.40 c 35.25 a-d 5.35 a-c
T7 25.72 a 371 a 31.54 c-e 5.41 a-c
T8 22.60 a 3.06 b 31.16 de 4.77 bc
T9 2523 a 3.35 ab 34.37 b-e 5.28 a-c
T10 24.49 a 3.45 ab 33.49 b-e 5.19 bc
T11 24.80 a 3.41 ab 29.61 e 5.08 bc
T12 2239 a 321b 36.96 a-c 551 ac
T13 25.06 a 3.34 ab 34.27 b-e 5.47 a-c
T14 22.08 a 304 b 37.30 ab 5.44 a-c
F-test *% *% *% *
CV.(%) 11.30 9.53 8.22 7.97

*, **:Significantly different at P<0.05 and P<0.01, respectively

'Means within a column followed by the same letter are not significantly at P<0.05 by DMRT.

2T1 = non-coated seed, T2 = coated seed with PVP-K30 + chitosan, T3 = coated seed with C4HzOg 0.5 g, T4 = coated seed with

CeHgOs 1.0 g, T5 = coated seed with CgHgOg 1.5 ¢, T6 = coated seed with C¢HgOg 2.0 g, T7 = coated seed with MgSO, 0.5 ¢, T8 =

coated seed with MgSO4 1.0 g, T9 = coated seed with MgSO, 1.5 ¢, T10 = coated seed with MgSQO,4 2.0 g, T11 = coated seed with CaCl,

0.5 ¢, T12 = coated seed with CaCl, 1.0 ¢, T13 = coated seed with CaCl, 1.5 ¢ and T14 = coated seed with CaCl, 2.0 ¢
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Since potassium chlorate (KClO;) has been found to reliably induce longan flowering, Thai
farmers are able to sustain longan production all year round. However, the continuous use of KClO5 is
affecting longan trees by causing disorders during certain phonological stages. Among those is the longan
peel reddening disorder (PRD). When affected by PRD the skin of the fruit turns red and hard, preventing
it from growing. Meanwhile, in Northern Thailand PRD has a considerable economic impact on longan
farming and method for remediation are sought. The aim of this study was to identify ways of combatting
PRD through improving the micro nutritional status of the longan trees. Therefore, boron (B) and Zinc
(Zn) were applied by foliar sprays and the effect on longan fruit growth was compared to non-treated
trees. The experiment was organized following a completely randomized design (CRD) with 7 treatments
and 5 replications. The treatments were as follows; 1) control (no micronutrient spray), 2) 0.1% B, 3)
0.2% B, 4) 0.1 Zn, 5) 0.2% Zn, 6) 0.1% B + 0.1% Zn, 7) 0.2% B + 0.2% Zn. As a result, in the first month,
the control had a higher significantly fruit set per bunch as compared to the foliar application of Zn and
B. Analyzing fruit quality at harvest, was found that the foliar application of Zn and B resulted in a
significantly higher flesh and fruit weight per bunch as compared to the control and the treatments with
only one micro-nutrient applied. With respect to width and length of fruit, total soluble solids, peel
weight and seed weight no significant differences were found. However, the skin color differed
significantly among the treatments: After zinc and boron 0.2 concentration foliar application fruits
developed from light green into bright yellow at the harvesting stage. Leaves treated with Zn and B

foliar sprays showed higher concentrations of both micro-nutrients as compared to non-treated. This
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showed that the Zn and B foliar application can be absorbed by the leaves and accumulated in the

plant tissue in order to ensure the sufficient supply in every growth stage. While the experimental set-

up was not appropriate to prove that PRD was the effect of micro-nutrient deficiency, it was shown that

the foliar application of Zn and B can reduce the occurrence of PRD in longan. In order to ensure

sufficient supply of Zn and B foliar spray applications can be recommended.

Keyword: zinc, boron, Dimocarpus longan, fruit set, potassium chlorate (KClO,)
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Table 1 Research activity at longan plantation of Ban Phu Din, Mae Taeng district, Chiang Mai

Activity

Day/month/year

Soil applications with potassium chlorate (20 g/m?)

1*" Foliar application with potassium chlorate (3 g/20Liter water)
2" Foliar application with potassium chlorate (3 g/20Liter water)
1°" Foliar application with zinc and boron before flowering

2" Foliar application with zinc and boron after flowering

3" Foliar application with zinc and boron small fruit

4" Foliar application with zinc and boron fruit growth

5" Harvesting

29 December 2018
3 January 2019
11-12 January 2019
16 January 2019
13 February 2019
5 April 2019

20 March 2019

28 August 2019
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Figure 1 The highest temperature, lowest average temperature and relative humidity at Baan Phu Din,

Amphoe MaeTaeg, Chiang Mai in 2019
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Tenudanzdnasluseuuauidusieusennen
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et al., 2001) (Table 2, Figure 3 way Figure 4)

Table 2 Number of fruit set per bunch after fruit set to harvest

Number of fruit set per bunch

Treatment

1 month 2 month 4 month 6 month
Water spraying (control) 40.08+12.38a"  27.55+11.46 21.00+4.41 17.15+4.63
Foliar application by boron 0.1% 35.54+6.53ab  27.23+5.86  18.82+2.52 17.46+2.41
Foliar application by boron 0.2% 27.22+4.37abc  21.66+4.03  18.58+3.01 16.40+3.50
Foliar application by zinc 0.1% 27.14+2.13abc  20.72+1.72  20.82+1.86 14.76+1.31
Foliar application by zinc 0.2% 25.10+6.10bc  18.05+6.01  16.38+4.81 12.58+3.95
Foliar application by boron 0.1% + zinc 0.1% 19.28+6.67c 15.11+6.16  13.70+4.02  8.93+4.62
Foliar application by boron 0.2% + zinc 0.2% 24.28+4.03bc  20.23+4.03  15.96+4.60 14.53+4.95

F-test *x* ns ns ns
CV. (%) 25.10 57.15 22.28 55.79

'Means in the same column followed by different alphabets show significant differences at 95% (p<0.05) by the Duncan’s New

Multiple Range Test (DMRT). ns = non significant differences; ** = significant differences (p<0.01)
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Fruit drop (%)
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Figure 4 Monthly fruit drop after treatment and during fruit development, fruit set to harvest
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Table 3 Fruit weight, peel weight, fresh weight, seed weight and total weight of longan fruit

after foliar application with zinc and boron (n=5)

Treatment Weight of parts of product
Peel Fresh Seed
(9) (9) (9)
Water (control) 40.80c' 0.60 32.20c 8.00
Foliar application by boron 0.1% 44.19bc 0.59 35.60bc 8.00
Foliar application by boron 0.2% 47.68ab 0.68 38.80abc 8.20
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Table 3 (Continue)

Treatment Weight of parts of product

Fruit Peel Fresh Seed

(9) (9) (9) (9)

Foliar application by zinc 0.1% 47.46ab 0.66 38.80abc 8.00
Foliar application by zinc 0.2% 48.57ab 0.77 40.60ab 7.20
Foliar application by boron 0.1 + zinc 0.1% 52.73a 0.73 40.60ab 7.80
Foliar application by boron 0.2 + zinc 0.2% 49.15ab 0.75 44.20a 7.80

F-test * ns ** ns

CV. (%) 9.75 22.73 11.10 9.38

'Means in the same column followed by different alphabets show significant differences at 95 % (p<0.01) using by the Duncan’s

new multiple range test (DMRT). ns = non significant differences; ** = significant differences (p<0.01); * = significant differences (p< 0.05)

Table 4 Fruit weight per bunch, width, length and total soluble solid (TSS) of longan after foliar application

of zinc and boron

Treatment Fruit weight Width Length TSS
per bunch (g) (cm) (cm) (°Brix)

n=1 n=5 n=5 n=5

Water (control) 214.00a' 2.42 2.78 20.83
Foliar application by boron 0.1% 189.4dab 2.46 2.76 21.32
Foliar application by boron 0.2% 195.24a 2.56 292 20.82
Foliar application by zinc 0.1% 192.42a 2.50 2.89 21.56
Foliar application by zinc 0.2% 161.52ab 2.57 2.95 21.70
Foliar application by boron 0.1 + zinc 0.1% 132.86b 2.61 3.00 20.74
Foliar application by boron 0.2 + zinc 0.2% 132.54b 2.53 28.18 20.46

F-test * ns ns ns
CV. (%) 24.78 3.46 4.51 4.81

'Means in the same column followed by different alphabets show significant differences at 95% (p<0.05) using by the Duncan’s

New Multiple Range Test (DMRT). ns = non significant differences; * = significant differences (p<0.05)
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Table 5 Skin color value of longan peel after foliar

Treatment Skin color
1 month 2 month 3 month 6 month
L* a* b* L* a* b* L* a* b* L* a* b*

Water (control) 56.80 1.10a" 13.58ab 46.12 0.06 3145ab  48.12a 8.16 3030  48.20c 9.87ab 30.02b
Foliar application boron 0.1% 5722  -0.54b 13.12b 4751 0.03 3224a  49.08 712 3052  49.68bc  9.70abc  30.37b
Foliar application boron 0.2% 5752  -0.11b 14.62a 46.72 -0.20 32.76a 4888 11.60 3246  50.32abc 10.13a 30.51b
Foliar application zinc 0.1% 5812  -0.20b 14.67a 46.62 0.47 3129  47.28 7.28 3233  50.0d4abc  9.78ab 30.60b
Foliar application zinc 0.2% 5732 -0.66b 13.54ab 48.24 -0.42 31.76ab  47.40 7.44 3196  49.26bc  10.05a 29.58b
Foliar application boron 0.1% 5718  -0.073b 13.27b 46.55 -0.11 30300  49.74 5.27 3268  51.28ab 891c 35.99a

+ zinc 0.1%
Foliar application boron 0.2 % 56.64  -0.086b 12.76b 47.50 -0.36 30480  49.32 5.55 3292  5202a 9.08bc 31.75ab

+ zinc 0.2%

F-test ns ** ** ns ns ** ns ns ns * * **
CV. (%) 1.70 -190.55 4.85 2.87 -689.40 2.88 3.13 64.49 532 3.23 6.33 8.07

'Means in the same column followed by different alphabets show significant differences at 95% (p<0.05) using by the Duncan’s New Multiple Range Test (DMRT).

ns = non significant differences; * = significant differences (p<0.05); ** = significant differences (p<0.01)
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Figure 5 Zinc in longan leaves after foliar application with concentrations and at different stage of longan

(BF= Before flower, FW= Flowering, FG= Fruit growth, HV= Harvest) Zinc Standard (STD)

at 16.99-24.29 ppm by Khaosumain et al. (2005)
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Figure 6 Boron in longan leaves after foliar application different concentrations and differ stage of longan

(BF= Before flower, FW= Flowering, FG= Fruit growth, HV= Harvest), Boron Standard (STD)

at 22.30-45.58 ppm by Khaosumain et al. (2005)
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Antioxidant and Biochemical Properties of Protein Hydrolysates

Prepared from Sacha Inchi Meal
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The oil from sacha inchi is one type of oil which is very popular, especially among health-
conscious people. However, after the oil extraction process, 50% of meal (residue) from the initial
material remained, which is high in protein. This seems suitable to produce protein hydrolysate and
peptide which is beneficial in bioactivity. This research aimed to produce the protein hydrolysate and
peptide, which are good sources of antioxidants and have a biochemical effect to restrain the enzyme
causing chronic diseases while also adding the value to the sacha inchi meal. Enzymatic hydrolysate
was extracted from sacha inchi meal protein isolate by using flavourzyme. The sacha inchi protein
hydrolysate (SPH) was further fractionated into peptide sizes of 1, 3,5 and 10 kDa using membrane
ultrafiltration. The <1 kDa peptides exhibited significantly better (p<0.05) diphenyl-1 - picryhydradzyl
(DPPH) and hydroxyl radical scavenging activities when compared to peptide fractions of higher
molecular weights. The high activity of <1 kDa peptides in these antioxidant assay systems may be
related to the high levels of total hydrophobic and aromatic amino acids. In comparison to glutathione,
the SPH and its membrane fractions had higher ability to chelate metal ions. In addition, the <1 kDa

peptides had the greatest ACE-inhibition (Hypertension), DPP-IV inhibition (Type 2 Diabetes), a-amylase
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inhibition and a-glucosidase inhibition (Obesity) an ICs, value of 1.56,2.31,3.77 and 1.84 mg/ml,

respectively. Antioxidant activities and enzyme inhibition were determined by the molecular weight and

amino acid from peptide fractions.
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Tiinseengndtudueulaiag o uanae
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wwulwsl 50% lngA1UIUANNTINTERINAULTUTUY
yosiegafuanUasiduinistudilaeldiusunsy
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Nan15IeLaZITAl
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wWilndduansarane NaOH edsnalsinisazans
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finasruvenandninfudosay 47.31 FafluSuna
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Uaneaeueslushiu vinlillszaunistesaaiaiuulng
anedu 9 niensnezdludasyiivarnwareuinnin
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ﬁuaaazﬁimﬂugmwu%‘u (Theerakarunwong et al,,
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@18817 (Awosika and Aluko, 2019) Taansaoyily
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Aluko (2011) seydnsangandnuaznsaueaulsand
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Table 1 Amino acid compositions (%) of SPI, SPH and fractionated peptides

Amino acid SPI SPH <1 kDa 1-3 kDa 3-5 kDa 5-10 kDa

Aspartic acid 7.61° 1004 (243F 396 (-3.65° 2.15(-5.46)" 5.14(-2.47° 538 (-2.23)
Threonine* 3.74°  353(-021)F 4.97(1.23° 250(-1.24) 3.33(-0.41)¢  2.76 (-0.98)°
Serine 3.40°  531(1.91)° 5692297 3.27(-0.13) 4.08(0.68)°  4.70 (1.30)
Glutamic acid 9.09 1076 (1.67°  9.92(0.83° 6.93(-2.16) 8.02 (-1.07)° 11.84 (2.75)°
Proline 2769 322(046)° 487 (2117  3.11(0.35° 279(0.03°  2.04 (-0.72)¢
Glycine 342 425(0.83)° 496 (1.54° 2.12(-1.30)° 2.61(-0.81)¢ 1.07 (-2.35)
Alanine 2150 3.09(0.94° 391 (176 2.72(0.57)°  3.24 (1.09)°  3.85(1.70)°
Cysteine 1.10°  1.16 (0.06)°  1.22(0.12° 1.13(0.03)°  1.21(0.11*  0.85 (-0.25)°
Valine* 3.06° 416 (1.10° 554 (2487 4.87(1.81)° 196 (-1.10°  1.56 (-1.50)
Methionine* 0.53°  1.01(0.48)° 1.72(1.19° 051 (-0.02° 0.67(0.14°  0.84 (0.31)
lsoleucine* 2100 316(1.06° 5.02(2927 255(0.45° 3.18(1.08°  3.83(1.73)F
Leucine* 3319 512(1.81)° 7.12(381° 4.46(1.15° 511(1.80)° 5.03(1.72P
Tyrosine 2500 3.43(0.93)° 5.19(2697 3.70(1.20° 4.46(1.96)  4.56 (2.06)°
Phenylalanine* 1.02f 1.35(0.33°  239(1.37° 1.81(0.79° 1.10(0.08°  2.22(1.20)°
Histidine* 1117 206(0.95¢ 357 (246 123(0.12° 1.51(0.04)¢  2.54 (1.43)
Lysine* 2200 357(1.37)° 454 (2.34)P 2540347  2.82(0.62)° 2.42(0.22)°
Arginine 492" 814(3.22° 501(0.09° 622(1.30° 577(0.85° 873 (3.81)
Tryptophan* 0.96°  1.55(2.44¢° 244 (1.48° 217 (1.21° 257 (1.61°  2.11(1.15)

*Essential amino acid, SPI (sacha inchi protein isolate) and SPH (sacha inchi protein hydrolysate); The information in parentheses

means the difference of datas when compared to SPI. For each row, data values that contain different alphabets are significantly

different at p<0.05.
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et al,, 2012) %qiﬂsauﬁgmﬂﬂﬁuﬁawuﬂiaazaﬂalﬁﬁ
Tutuagiinde Tagnlelnsladediasnialurag

SYELLIAMTN 9 voInsiiaUfnsen (Parado et al,

1993) usifleszeznanisdesaaneifinduain 120
wf wuseiunsgesaaneiuwnltufisiudnios
desnnguvedlusiufiazaetldafdudvansn
anlelasladdeouluiiilldiulndaedy 4 vio
nsneziiludasy dwalmeululluansolalaslad
laan i luduansnldiivanensteuleivseiin
Product inhibition Fsdenaliiaszdunisgesaans

At Jack and Mona, 1966) aghalsnunuin sesu

n1sgeyaanyves SPH dszaunisdaugaaniile

A
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VWSgugunuanuiIdevsd Chirinos et al. (2020)
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Figure 1 Degree of hydrolysis of sacha inchi protein hydrolysate (SPH) after 240 min of reaction;

For each plot, bars with different alphabets have mean values that are significantly (p<0.05)

different.
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wuiUUlndamnasma 1 Alamnasi SUszavsnmada
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uazlsanaondoniala (Lepping et al., 2011) n15d
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Aluko, 2011) 91nn1sAasaun Table 1 wuindulng
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#0AARBINUIUATEDY Girgih et al. (2011) WU
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dWinusyansamlunisdudesuveslanslén (Saiga
et al,, 2003) 3NHAN5ITELand AL A udIdne AN
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Isald uenanidlndareduaiuisagadunay
anunsadunuusalasueainlaieniniefisu
Aululneanaeid (Awosika and Aluko, 2019) 34

dawalviluulnaangdu (d1nd1 10 Alaanasdu) &
Usvansanluniseangnsiueyyadaszuinnin

dleSeuiisutuulnganssna (SPH uag SPI)

Table 2 Antioxidant and biochemical properties of SPI, SPH and fractionated peptides

Sample ECso (mg/ml) ICs59 (Mg/ml)
DPPH HSRA Fe?* ACE-inhibition  DPP-IV inhibition oa-amylase a-glucosidase
chelating

SPI 4.05% 0.87° 5.55 5.14° 11.83° 6.13° 4.11°
SPH 1.89° 0.56° 1.91¢ 3.75° 7.45° 5.64° 4.03°
<1kba 097" 0.39¢ 1.50° 1.56' 2.31f 3.77° 1.84f
1-3kDa  1.37° 0.44° 1.61¢ 1.80¢ 4.10° 3.82° 2.05¢
3-5kDa  1.58° 0.41° 1.54f 1.959 5.69¢ 4.05¢ 3.23¢
5-10 kDa 1.93° 0.50° 1.82¢ 3.16° 7.09¢ 5.18¢ 3.47°
Standard  0.31° 0.17¢ 3.45° 0.478 0.73 0.218 0.46°

SPI (sacha inchi protein isolate) and SPH (sacha inchi protein hydrolysate), Reference standard; antioxidant activity is glutathione

(GSH). ACE-inhibition is captopril. DPP-IV inhibition is tripeptide diprotin. A (Ile-Pro-Ile), a-amylase and a-glucosidase are acarbose.

For each column, data values that contain different alphabets are significantly different at p<0.05.
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Effect of Rubber Plantation Patterns on Soil Quality Indicator

as Water Storage of Coarse-loamy Textured Soils
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Soil quality, particularly in the root zone strongly affected the crop production and ecosystem
health and it is easy to change by land use and management. The purpose of the study was to
investigate the effects of rubber plantation pattern on soil physical quality indicators in the aspect of
water storage of coarse-loamy textured soils. Soils were selected from fields of polyculture, mixed
culture and monoculture rubber plantations. Soil physical and chemical properties were analyzed.
Results of the study revealed that monoculture rubber plantation significantly increased bulk density
in the subsoils (25-50 cm) to a high level (1.64 ¢ cm™). Whereas, polyculture and mixed-culture rubber
plantations enhanced soil porosity of both topsoils (0-25 cm) and subsoils which maintained their bulk
densities (1.35-1.60 ¢ cm™) at the optimum range for plant growth and promoting water storage of soils.
Organic matter content (6.79-15.79 ¢ kg), total porosity (37-48%), available water capacity (80-90 mm m™)
and water holding capacity at depth of 0-50 cm (184-206 mm) did not significantly differ for different
patterns of rubber plantation. Therefore, polyculture and mixed-culture rubber plantations which are
conservation soil management, best promoted soil water storage quality. Bulk density and organic

matter are important factors controlling water storage quality of coarse-loamy textured soils.

Keywords: soil quality indicator, soil water, plantation pattern, rubber tree
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Table 1 Environmental setting of studied soils
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Site Soil Plantation pattern Group of soil Age (years)
series” Rubber trees Polyculture/
Mixed culture
1 S1 Polyculture 39 25 12
S2 Mixed culture 39 25 6
S3 Monoculture 39 25
2 sS4 Polyculture 39 30 25
S5 Mixed culture 39 15 5
S6 Monoculture 39 15
3 S7 Polyculture 34 20 14
S8 Mixed culture 34 18 10
S9 Monoculture 34 18
4 S10 Polyculture 34 20 15
S11 Mixed culture 34 10 6
S12 Monoculture 34 15

1 Data based on the soil map of soil survey report
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Figure 1 Textural classes of the 2 mm fraction of soils
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Table 2 Particle size content of soils under different patterns of rubber plantation (mean+SD, n=4)

Particle Size Content Patterns of rubber plantation / Depth (cm)

Polyculture Mixed culture Monoculture
(%) 0-10 10-25 25-50 0-10 10-25 25-50 0-10 10-25 25-50
Sand 7849 7446 7244 76£7  70+8 68£10 7849 7448 7149
Silt 13+6 1444 1444 1545 1647 1547 1345 1345 13144
Clay 8+3 1243 1443 9+2  14+2 1745 9+3 1344 1442
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Table 3 Chemical and physical properties of soils under different patterns of plantation (mean+SD, n = 4)

Soil Properties Patterns of rubber plantation P<0.05
Polyculture Mixed culture Monoculture
Organic matter (g kg™)
0-10 cm 15.79+4.02A 14.24+2.13A 15.23+3.31A ns
10-25 cm 10.76+2.31AB 10.13+2.19AB 9.98+1.22AB ns
25-50 cm 7.1442.45B 7.74+3.398 6.79+1.07B ns
P<0.05 * * *
Bulk Density (g cm™)
0-10 cm 1.35+0.12 1.35+0.20B 1.40+0.21 ns
10-25 cm 1.41+0.10 1.46+0.12AB 1.51+0.12 ns
25-50 cm 1.5040.07b 1.6040.05abA 1.64+0.13a *
P<0.05 ns * ns
Total Porosity (%)
0-10 cm 48.16+7.75A 48.00+4.21 46.33+8.01 ns
10-25 cm 44.15+4.14AB 46.03+4.30 42.94+4.14 ns
25-50 cm 38.16+1.46B 42.91+3.33 37.42+4.67 ns
P<0.05 * ns ns

The different uppercase letters in the column and the different lowercase letters in the row indicate significant

difference at 0.05 probability level according to DMRT; ns = not significant
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Figure 2 The relationship between soil properties (n=36)

** Significant at 0.01 probability level
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Table 4 Soil water characteristic under different patterns of rubber plantation (mean+SD, n=4)

Water content

Rubber tree plantation pattern

(% weight) Polyculture Mixed culture Monoculture
Field capacity
0-10 cm 19.08+7.56 17.47+5.34 15.59+4.52
10-25 cm 18.07+4.29 15.22+4.24 15.43+4.68
25-50 cm 14.49+4.17 14.47+3.80 13.54+4.57
Permanent wilting point
0-10 cm 11.54+6.91 9.93+3.32 8.22+1.79
10-25 cm 10.16+4.09 9.05+2.60 7.71+1.35
25-50 cm 8.82+3.43 9.13+2.33 9.13+3.12
Available water capacity
0-10 cm 7.54+1.92 7.53+3.13 7.37+2.81
10-25 cm 7.91+2.89 6.17+1.74 7.7243.74
25-50 cm 5.68+0.82 5.34+1.80 4.4241.66
100 - ns ns A 230 - . ®)
& 90 ] ns 210 1 ns
g 80 - E ] I ns
c 70 O 190 4
= 0 I i
§ ] = 170
z %0 1 :
40 150
Polyculture  Mixed culture Monoculture Polyculture Mixed culture ~ Monoculture

Figure 3 Available water capacity (AWC) and water holding capacity (WHC) soils under different

patterns of plantation (n=4)

ns = not significant at 0.01 probability level
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Figure 4 The relationship between soil water content (% by weight) and some soil properties (n=36)

** Significant at 0.01 probability level; AWC = available water capacity; WHC = water holding capacity
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Abstract
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The study of the effect of fish meal replacement with filleting waste (FW) on growth performance of

the Maejo Buk Siam hybrid catfish (Pangasianodon gigas x P. hypophthalmus) was conducted by feeding

the hybrid with diets in which fish meal was supplemented with 3 levels of FW, 1) 0% (control), 2) 25%

and 3) 50%. The study which was conducted in cages showed that the 25 and 50% replacement of fish

meal with FW resulted in higher weight gain than the 0% FW feed (control) (p<0.05). Moreover, the

replacement of fish meal with FW 25 and 50% reduced fish feed cost by 1.27 and 2.14 Baht/kg while

the production cost per a kg of fish was reduced by 8.72 and 8.34 Baht/kg, respectively.

Keywords: growth performance, Maejo Buk Siam hybrid catfish, processing waste, fishmeal-replaced feed
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Ingredient of the experimental diets containing filleting waste (FW) from the Buk Siam hybrid

Ingredient FW 0% FW 25% FW 50%
Fish meal 15 11.25 75
Soybean meal 36 39 42
Broken-milled rice 32 33 33
Rice bran 16 12 9
Cure fish oil 1 1 1
Filleting waste (FW) 0 3.75 7.5
Total (kg) 100 100 100
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dhwinduiadu (nd)
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(Feed Conversion Efficiency: FCE) = (‘137‘1/11%‘171'
WisFu (084 x 100) / $ruaufuiivhnisnaaes
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TUsunsud5agu Statistic Package Scieance (SPSS)

version 17
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fatty acid) Tueiuisuan wu Towwnn 6 wazlown 9

(Table 3)

Table 2 Proximate compositions of the experimental diets containing FW 0, 25 and 50%

Proximate compositions (%) FW 0% FW 25% FW 50%
Crude Protein 29.41 30.42 31.12
Crude Fat 3.11 2.87 3.15
Ash 8.59 8.95 10.15
Crude fiber 4.13 3.49 3.31
NFE® 45.24 45.73 47.73
Calcium (g/kg) 12.00 31.72 52.52
Energy (Kcal) 406 413 420

? Nitrogen-free extract (NFE) = 100 - (protein + fat + ash + fiber)
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Table 3 Fatty acid composition of experimental diet containing FW 0, 25 and 50%

Fatty acid composition (g 100g™) FW 0% FW 25% FW 50%
Myristic acid (C14:0) 0.05 0.46 0.74
Palmitic acid (C16:0) 0.49 3.20 5.08
Heptadecanoic acid (C17:0) 0.02 - -
Stearic acid (C18:0) 0.12 0.53 0.79
Arachidic acid (C20:0) 0.01 0.02 0.02
Behenic acid (C22:0) - 0.02 0.02
Saturated fatty acid 0.70 4.24 6.66
Palmitoleic acid (C16:1n7) 0.08 0.23 0.25
cis-9-Oleic acid (C18:1n9¢) 0.68 3.27 a.71
cis-11-Eicosenoic acid (C20:1n11) 0.01 0.03 0.08
Monounsaturated fatty acid 0.78 3.53 5.04
Cis-9,12-Linoleic acid (C18:2n6) 0.50 0.95 0.97
Gamma-linolenic acid (C18:3n6) - 0.01 0.02
Alpha-linolenic acid (C18:3n3) 0.03 0.05 0.06
Cis-11,14-Eicosadiennoic acid (C20:2) - 0.02 0.03
Cis-8,11,14-Eicosatrienoic acid (C20:3n3) - 0.03 0.04
Arachidonic acid (C20:4n6) 0.02 0.06 0.08
Cis-13,16,-Docosadienoic acid (C22:2) - - 0.01
Cis-5,8,11,14,17,-Eicosapentaenoic acid (C20:5n3) 0.05 0.04 0.03
4,7,10,13,16,19,-Docosahexaenoic acid (C22:6n3) 0.09 0.07 0.05
Polyunsaturated fatty acid 0.70 1.23 1.29
Unsaturated fatty acid 1.47 4.76 6.33
n-3 fatty acid 1.68 1.53 1.36
n-6 fatty acid 5.20 10.51 11.16
n-9 fatty acid 6.86 32.57 47.06

85



MTAIFIVULATAUFTUIVINITINEAT 39(2): 81-91

N15La3gYLAule

nsseulevesUaiideslunszds wui

v '
a

MUNTLALTY LardnTIN1sIasyiulafeiutesUan

[%

A
MAPI81IARNUUaId U FW 25% fiAas

ningualuau (FW 0%) egralifed1Agyni1eaia

(0<0.05) @IUDWNTNNAUNUAE FW 50% Hunting

o—

WU Lazonsinssaulasoiuliunnateeeng

'
aa v a

N9ElRAAUYAAIUANUALYATINALNUAIY

De

AJudn

FW 25% warannnsdanavaniiiuensnsvaunulan
Uugne FW 0, 25 uag 50% Wuinsifidsedu FW
Tuomnsuanfiuwaldurinliuseansamniswaey
o duilofingstu @asiniu 58.90, 69.64 was
71.52% maiesi) uardnnsdsuemsiduilely
UanfiAuevnmaunudaitudae FW 25 uag 50% 3
wudlthshninnguanuny (FW 0%) ustlaifianaumnsing
a8y AYNNEds (0>0.05) (Table 4)

Table 4 Growth performances of hybrid catfish fed with FW 0, 25 and 50% in cages

Growth performances FW 0% FW 25% FW 50%
Initial weight (g) 41.73+3.44° 40.47+0.42° 38.00+4.01°
WG (g/fish) 75.68+5.83 184.83+20.40° 116.78+50.49°°
ADG (g/fish/day) 0.82+0.11b° 2.14+0.58° 1.15+0.55a
FCR 1.71+0.19° 1.44+0.08° 1.51+0.56°
FCE (%) 58.90+6.74° 69.64+3.92° 71.52+21.51°
SR (%) 70.00+5.00° 71.67+2.89° 70.00+5.00°

Display value is meanzstandard deviation (SD), n=180.

3 Means with different superscript in a row was significantly different (p<0.05).

v

unuAt MU
FunumemsUailtlunimeassisemeg
JEMIN 23.39-25.53 Un/nn. lagemsuainauny
Uandusieg FW 25 uag 50% a1u1saandunule
Uszan 1.27 uag 2.14 uw/nn. auany (Table 5)

wazAunuAteIIsUaIsion1sdnlan 1 nn. lnely
A1 FCR Tun1sAnaunu nudteimisdainaunu
Uarvusae FW 25 uaz 50% Lielsuiiisudy
919115Ua1 FW 0% @1u15aandunulang 8.72 waz
8.34 Uw/AN. MUY
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Table 5 The cost of fish diet used in the experiment

Ingredient Costs Diets
FW 0% FW 25% FW 50%

(Baht/kg) Kg Baht Kg Baht Kg Baht
Fish meal 56 15 840 115 644 7.5 420
Soybean meal 23.75 36 855 39 926.25 42 997.5
Rice bran 15 16 240 12 180 9 135
Broken-milled rice 19 32 608 33 627 33 627
Cure fish oil 10 1 1 1 10 1 10
Filleting waste (FW) 20 0 0 3.75 75 7.5 150

Total 100 2,553 100 2,462.25 100 2,339.50
Cost (Baht/kg) 25.53 24.26 23.39
358dNAN1ITY V9ERRIN FW 25% (0>0.05) wandliliiuin 81913

nssyaulaludargnuasinaeuusdly
ANANITANYIAIUNITS LA ulalulan
gnuaudnasuudldfidssdeomsuamauny
Uandusenanassldainnszuiunisuaidovan
(Filleting Waste; FW) fiszfiu 25% finarounind
Wiy uay ADG fAngafian uardiannuumndramng

(%

AU FW 0% (p<0.05) Feszdulusivluemsuan

e

a

i
ﬁqwumaﬁiamsLa%zytﬁuimsuawm INAUAINI
1arurnisluemsuan (Table 2) agiiulainenms
vanmaunuuardusie FW 25% Tiesidunlusiu
(30.42%) g9ni1 FW 0% (29.41%) @eanaearu Kim
and Lee (2005) maau?ﬁquﬂﬂm Bagrid catfish
Tngliomsiifiseaulusiu 4 sedu (22, 32, 42 uas
52%) Wuindnsnsiasgauladnig (SGR) vedgn
Uan Bagrid catfish tvauaussuldsauiiivduly
215 Wumeanunululan Black catfish (Salhi et al.,
2004) vauzfiomsvamawnulailugie FW 50%

(%

= o ~ ) = o ) aa'
ﬂ\'iLL@JQ%@JiSWUIUﬂﬂULLagigﬂUWﬁﬂ\?qugﬂ‘Wf‘jﬂ Nauy

LY @

wundsnsnssulaldunnatsegelidedney

Uamaunutardueie FW 25% fszaulisiunas
wavuieInesanlrudesni1silulylunis
3L AUTAYDIUAT @8AAADIAUIIEITUNITINEVDS
Alvarez-Gonzalez et al. (2001) wu3a1Uadinz11a
MAeeTiAsedg s AidsesulusAy 25, 30 uay
35% finsisivlaliunnsiaiu Tnge1msvaniia
seaulusiiu 25% Wussiuiimanzanlunsidesan
dengawmdesrun 10 93, waziilesedulusiy
TuomsifindudwaniilinisesayivinvesUan
Huuiltianas uaraenndediyu Hepher (1988) na17an
omsUaiflssdulusAuguiussduiimunzas
Uanazggidewdenuiiiedulusiudiuiiuesn

danavilivansinisiaseyiulaanas
USuauueaiden (Ca) luemsuaimauny
Uandume FW 25 uag 50% dA1gendn FW 0% ixa
satminfiiindu waz ADG vosuangnuaudnagy
willd Fsaenadosiuseun1sideves Liang et al.
(2018) AnwnsiiesUan Bishead carp wumtwin
105 n¥u M1891m15 6 gns (LUshu 31.0% gy
6.0%) Tnglfemsuandiilsesiu Ca daust 0.41, 0.72,
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0.93, 1.15, 1.26 way 1.59% wudwfmﬁfﬂqmﬁw
Y ilfintu wazdnsinisiivinginig (SGR)
WuTunusesu Caluomsfiiiniuds 1.26%
wonand Paul et al. (2006) s1891u31A5LAY
waadsunazeanedalusinisuan aruisaiiu
UszdnSnmnisiasayiulavesgnuan Labeo rohita
pgailfaddgiileifisuiuarilifuemisyn
A Bsludniiueado (Ca) fodnduuisni
ﬁwé’zyﬁqmﬁwﬁaLLasﬁ‘hLﬁuém%’umim%imaﬂm
ASWAIUITATIASE WATNASEUIUNITNIESTINGN
(Lall, 2002; National Research Council, 2011)
AU NYuAen1TasIINTEAn NSENBMNEIIUNIY
ATP wazdiudsznavfisnfuvesssuutmosly
1d0m (Nwanna and Oni, 2018)

wenani esrUszneuvesnsalusiluams
Uamaunuuartusiy FW 25 wag 50% dnsalagiu
wilalaidus (Unsaturated fatty acid) g9n31 FW 0%
WU cis-9-Oleic acid (C18:1n9c¢), Cis-9,12-Linoleic
acid (C18:2n6), Arachidonic acid (C20:4n6), n-6
fatty acid waz n-9 fatty acid (Table 3) waziiuSuiu
lusfusanluemnsuategseduiia 287-3.15% lag
Uunaleduluemsvamsiissduiimunzan 608
Usuamnniulvazdemainlinisiasyivlnanas
wuganuivlalusmsivsinalagdulusimsdan
9E3¥1I19 6-9% uarliiasiiu 12% (Somboon and
Semachai, 2014) FsUadarudesnisnsaladu
Docosahexaenoic (C22:6n3; DHA), Eicosapentaenoic
(C20:5n3; EPA) way Arachidonic acid (C20:4n6) s
HAAONRIUINITAIUNITAT YRR N15FUTUG v
Mﬁﬁﬁ%ﬂmmmaugmﬁmaﬂmm%ﬁqu,azmwi’wmu
vouLfeuiead deaenadosfunis@nuiuns
Bessonart et al. (1999) $189114719051N 15 AU
Uan Saparus aurata wintwdieldermsiifinnsiiy
nsalasiu Arachidonic acid 1% Tuvaziignsinas

seaRgLANTULTal e 1SR ANNSA YTy

Arachidonic acid 1.8% uaﬂmﬂf‘i g1sUandidnis
naunudandumieg FW 25 wag 50% nuindiusune
nsaladulawin 9 gendiemsyaniuny GRRED
Tosfulewdn 9 arnvasfuvantndadlednasuly
amsUandlafisziu 1 uay 1.5% nuintaelivania
fnrsesaiulniutuodreilifeddynieads
(p<0.05) ilawflufuganiuAy (Rattanapot et al,
2018)

AunuA1amMITU

nsnauwnudaituig FW (25 uag 50%) Tu
sduTnntudsiarilidunudiensuangnasni
FW 0% 111U 24.26, 23.39 wag 25.53 uin/nn.
muaau laslueimsamaunudaiduse FW
25% @1115nannuUAIeIMsUaIRBaNISHEAUAN 1
nn. 1#de 8.72 vn/nn. Bnviadsanunsnvinlsian
gnwaudnasuulléfihuindifiudunazdnsinsg
wiyAvlnsetu (ADG) geilan vaziinnsldnin
Fraamaunuvanduluemisuanans 3 sy (O,
50 uaz 100%) wuiliinanenisiasyiAule usnis
naunuUaUuRsEdU 50 uag 100% asnsaansumu
1a 1.73 waz 539 uan/nn. (Mapor et al., 2010)
uanaINt Chimsumg et al. (2006) NaapdlEwafs
nawnulartuluesuatdawnswauna 5 sedu
(0, 25, 50, 75, 100%) LUSsuifisuiuainiside
dudaguianan wuhnssydulalidenuunneig
U wagmamawuUaduaeiaNunnseAulinug
A18IMUAN WazAuuA1IMTUAIHeNIINEAUA
1nn. (11.19-13.14 wag 1586-18.97 UW/nN.) AN
awnadadniiaguuannn (19.25 uaz 19.06 vw/nn.)
muady Fsandeyagsivtangnnan Tnasausild
YBIUTEN Life Farm Land Tul w.e. 2562 ansonde
Uaudidials 900 nn. Wanwwm 152 nn) Fadasldan
fasaUsEam 2,000 nn. INAIFINEATNT 8 NA

Pldiananaseldainnszuiuniswatiiavan
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(11 lasansean Lﬁaammzaﬂ wagutly) Uszunn
1,100 nn. (Mengamphan and Kitcheree, 2020) iie
WJunisiiiuyadnanassldfinanuazanduny
ArosUan faifu mavaunulartude Fw Fadu
Samadonvilefiinauladmiuinening a1unsn
ihluuszgndldlunisadneimsuan ieldlunns
Aesangnuannasiuualduazdanvindu 4 sely

#3UNan153Y

nan1sNALNUUaIUuAe FW 25% dinane
nsiasgiivlavesdangnuauinasiuudly lae

=2 (%

ansorfiudmdnfifistusassnsninadyiuls
sofu (ADG) ligeiign Bnviadsarutsnanduyy
A1919115UaTLe 2.14 UIN/nN. WaTAUNUAIDINIT
Uarsemsndnlan 1 nn. tads 8.72 van/nn. aeals
AnnuAdstinsfnwiussdnsnmnisgeslalueims
Uan maamu@mmwL‘ﬁaLLamJ’%mmLﬁasuaﬂanum

RGO

Anfnssuusenaa
AouzITeveraunn AudAUluEAUINIg
n1seulantnuazdargnuandnasiuusld
anznaluladnisussusnaynineInsniann
uinendowild Aeyiasginineinsaniuiinas
sruneanuazmniunsviiseluafstdouiadedu

anysal
Y

LONE1591999

Alvarez-Gonzalez, C.A., R. Civera-Cerecedo,
T.L. Ortiz-Galindo, S. Dumas,
M. Moreno Legorreta and T. Grayeb-Del
Alamo. 2001. Effect of dietary protein
level on growth and body composition
of juvenile spotted sand bass,
Paralabrax maculatofasciatus, fed
practical diets. Aquaculture
194: 151-159.

AOAC. 2000. Official Methods of Analysis of
AOAC International. 17th ed.
Maryland: AOAC International. 2200 p.

AOAC. 2012. Official Method 996.06 Fat.
(Total, Saturated, and Unsaturated) in
Foods. Maryland: AOAC International. 5 p.

Bagenal, T. 1978. Methods for Assessment of
Fish Production in Fresh Waters. 3rd ed.
London: Blackwell Scientific Publication.
365 p.

Bessonart, M., M.S. Izquierdo, M. Salhi,

C.M. Hernandez-Cruz, M.M. Gonzalez
and H. Fernandez-Palacios. 1999. Effect
of dietary arachidonic acid levels on
growth and fatty acid composition of
gilthead sea bream (Sparus aurata L.)

larvae. Aquaculture 179(1-4): 265-275.

89



MTAIFIVULATAUFTUIVINITINEAT 39(2): 81-91

Chimsumg, N., N. Chealoh, P. Pimolrat and
C. Tantikitti. 2006. Use of Shrimp Head
Meal as Partial Substitute for Fish Meal
in Sex-reversed Red Tilapia, Oreochromis
niloticus x O. mossambicus, Diet.
pp. 589-597. In Proceedings of the
44th Kasetsart University Annual
Conference, Kasetsart, 30 January-2
February. Bangkok: Kasetsart
University. [in Thai]

Chuapoehuk, W. 1990. Nutrition and Aquatic
Animal Feeding. 1st ed. Bangkok:
Kasetsart University. 255 p. [in Thai]

Hepher, B. 1988. Nutrition of Pond Fishes.
Israel: Fish and Aquaculture Research
Station. 318 p.

Jogeir, T., A. Anders, H. Britt and A. Sissel. 2006.
Inclusion of fish bone and crab by-
products in diets for Atlantic cod, Gadus
morhua. Aquaculture 253(1-4): 636-645.

Kim, L.O. and S.M. Lee. 2005. Effects of the
dietary protein and lipid levels on
growth and body composition of bagrid
catfish, Pseudobagrus fulvidraco.
Aquaculture 243(1-4): 323-329.

Koedprang, W. and P. Phumee. 2015.
Appropriate proportion of fish waste
silage in fish meal replacement in red
tilapia diet (Oreochomis niloticus
mossambicus). Journal of Fisheries
Technology Research 9(2): 34-42.

[in Thail

Lall, S.P. 2002. The Mincrals. pp. 182-193.

In Halver, J.E. and R.W. Hardy (Eds.).
Fish Nutrition. 3nd ed. New York:
Academic Press.

Liang, H., H. Mi, K. Ji, X. Ge, M. Re and J. Xie.
2018. Effects of dietary calcium levels
on growth performance, blood
biochemistry and whole body
composition in juvenile bighead carp
(Aristichthys nobilis). Turkish Journal
of Fisheries and Aquatic Sciences
18(4): 623-631.

Li, S.F. and J.A. Mathias. 1994. Freshwater Fish
Culture in China. Amsterdam: Elsevier.
462 p.

Mapor, A., G. Pimthong, and S. Tongsiri. 2010.
Effect of partial replacement of fish
meal by peanut meal in Pangasianodon
hypophthalmus diets. Journal of
Agricultural Research and Extension
27(1): 28-35. [in Thail

Mengamphan, K. and N. Kitcheree. 2020.
Manual for the Development of
Productivity System Value Standard
and Brand Hybrid Catfish for Community
Enterprises. 1st ed. Chiang Mai:
Wanida Printing Press. 60 p. [in Thalil

National Research Council (NRC). 2011.
Nutrient Requirement of Fish and
Shrimp. Washington, DC.: National
Academy Press. 392 p.

90



Journal of Agri. Research & Extension 39(2): 81-91

Nwanna, L.C. and O.V. Oni. 2018. Determination Salhi, M., M. Bessonart, G. Chediak,

of optimum calcium and phosphorous M. Bellagamba and D. Carnevia. 2004.
ratio for the production of African catfish Growth, feed utilization and body
Clarias gariepinus (Burchell, 1822). composition of black catfish, Rhamdia
Journal of Applied Sciences and quelen, fry fed diets containing different
Environmental Management protein and energy levels. Aquaculture
22(5): 689-692. 231(1-4): 435-444.

Panase, P. and P. Tipdacho. 2017. Preliminary Somboon, S. and W. Semachai. 2014. The Effects
use of Polygonum minus Linn. leaf of Dietary Lipid Amount and Fatty Acids
extract on growth performance, feed Composition on Growth Performance of
utilization, and some hematological Basa Catfish (Pangasius bocourti
indices of Anabas testudineus (Bloch, Sauvage, 1880). pp. 266-274. In
1792). Comparative Clinical Pathology Proceedings of 52nd Kasetsart
27(1): 147-153. University Annual Conference:

Patcharotiwat, A. 2015. Situation of trash fish Fisheries, Agricultural Extension and
and fish meal products in Thailand Home Economics. Bangkok: Kasetsart
2015. [Online]. Available https://www. University. [in Thai]
Fisheries.go.th/strategy/fisheconomic/pdf Sritrakul, J. 2019. Situation of trash fish and
/aanumsaivandauatugd 2558.pdf fish meal products in the first 6
(4 August 2020). [in Thai] months for Thailand 2019. [Online].

Paul, B.N,, S. Sarkar, S.S. Giri, S.N. Mohanty and Available https://www.fisheries.¢o.th
P.K. Mukhopadhyay. 2006. Dietary /strategy/UserFiles/files/q2_2562.pdf
calcium and phosphorus requirements (7 January 2020). [in Thai]

of Rohu Labeo rohita fry. Animal
Nutrition and Feed Technology
6: 257-263.

Rattanapot T., K. Mengumphan, S. Tongsiri and
D. Amornlerdpison. 2018. Fatty acid
composition of freshwater fish oil and its
efficiency on growth performance in Nile
tilapia. Journal of Agricultural
Research and Extension
35(2)(Suppl.): 11-20. [in Thail

91



P5ANTIVYLALAWFTUIVINTNEAST 39(2): 92-104

nsneaaalieuigulsEansAwuasnasunaY qui nsauduaney Aneiuiiu

wazlnsraaswau (Dipterex®) Tumsidaiuszaisniwulugnuaniia (Oreochromis niloticus)

Comparison of the Efficacy of Formalin, Copper Sulfate, Acetic Acid
Potassium Permanganate, and Trichlorfon (Dipterex®) on Trichodina spp.

in Nile Tilapia Fingerlings (Oreochromis niloticus)
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Abstract

The objective of this research was to compare the efficacy of formalin, copper sulfate, ace

acid, potassium permanganate and trichlorfon (Dipterex®) on controlling tricodiniasis in Nile tilapia

tic

fingerlings. Fish were randomly sampled from earthen pond that had heavy Trichodina spp. infection

and raised in 6 tanks of 30 fish each. Each tank was supplemented with each of the 5 chemicals or left

untreated for negative control and left for 24 hours. Skin and gill scraping of fish before and after

treatment were performed for treatment efficacy evaluation. The results of this study showed significant

difference among chemical treatments for inactivation of Trichodina spp. (p<0.01). Formalin, acetic acid

and potassium permanganate can eradicate Trichodina spp. of Nile tilapia.

Keywords: comparison of the efficacy, chemicals, Nile tilapia, Trichodina spp.
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UNANED

v
a a v

n3Anwd fingUszasd i e suiioy
UsgAnsanvesansiadl 5 vila Aldidniiuseds
Tuvaniia dun vesundu qua nsmirdu seitudiy
warlnspaasneu (Dipterex®) lnavinisdudaniia
PnUeAufiasranuiiuszsslurisuud sdlue
NAany 6 Uo Usay 30 f1 lulsasuoazldaisad
i 5 ydafiuaneeiu wazvedildldansiadiundy
auRudunat 24 Falue Hadlldfinisduyansie
Uanflaluvennasinoulazudsldansail Lagnig
i lulenaaouileUssifiulssansnmyos
arsadl nnsAnwmuinvieaisedildudlude
Aeeiiuanaaiy duadonisnukarsuiuvendiv
sedfsluvandadiuanansfuegadded Ay vneadi
(p<0.01) Tngosurdu nsnu1dy wazenasiudia

o o =3 o a v
mmiamwmuasmwwu'luﬂmualﬂ

AdAey: N1sVeasalTeUsUUTEANEA N

a15eill Uada wiuseai

Jarda (Nile tilapia, Oreochromis niloticus)
dutamidafifanuddgmanssghiavestszina
e ilesaniduomsiusiudifnuameeimsgs
lasfusin desdne uaztaseyiulaga wanewdinvanila
avannsndesldlunnanwisluvefuuarlunsed
gUassndl d1dnresn1sinizidve Ao lsadnide
wadlsalinite FuAnnnmadssivuiuiy 1anis
$ansiin A nzwandeniidenuussiugs
Tnelsadndeiinulduesfianluuania fo lsafinide
Usdn i iusedls Uada wazifutan lsafinide
wuaBeuelskuua (Aeromonas spp.) awsulnAaadd

(Streptococcus spp.) Wanlanuan iy (Flavo

bacterium spp.) Wudw (Gai et al, 2004; Eissa et al,, 2010;
Natividad et al., 1986; Shoemaker and Klesius, 1997)
Wiusyals (Trichodina spp.) \udelusladn
oefluuniia Trichodinidae deUsznausedtiav3lafun
(Trichodina) w1s1m3laa un (Paratrichodina)
3 lalakuaan (Trichodonella) 3 wiwiaan (Tripartiella)
wazinludy (Vauchomia) Wivsedlafigusneenay
dloneanaiuuy warAsInaullenmneiudng
Tduruaugnaeey 25-100 lulasiuns 19148
souduartdesUinifielflunsindeufinazmens
wulgalumusssimnavaluinga dinses wasinda
(Smith and Schwarz, 2009) tadouiilasnisvyuly
ineinimionuasfimitivesvaldos 1955
Tneanzlurefivardeunouaranansadnlilulan
vaneuiln Inenuluuariogu Uuvenile) 1niign
uannissmulalugnuariogou (Fry) uae
anuanszaglwaanin (Post larva) nisfivanfinde
Puutessinlineliiinlsa (Koyuncu and Toksen,
2010) ud§1d U5 wasnazn el alsadl S ondn
v3lARtieda (Trichodiniasis) InsUaiaziani®1nisnu
glofuedes Fu souuss lifuens mamdonanniy
suiudunuenypduna q Al IAnunang
a3ulengs mnseslsaiaiivionazrinlvisdenuan
meladiuin (Sharma et al., 2012) Msnelsasiniin
s sstanegmuudusazltomsusuna
1 aulianududuresnonluiogduvde
fansdunsdluihund smnsausonsiiusiua
YeaiusEdls (Madsen et al., 2000)
asniivarnvianeyiedinaaudalunisiide
Wiuszdls 1wy Wesuidu (Formalin) qud (Copper
sulfate: CuSO,) ANVIUTN (KMnO,) ﬂimfﬁmwsg
(Acetic acid) 1nde (Nac) Fefinalnniseangnd do
wazdosinfiunnsnstusenly fuunindenldans
waniensdenlfmngautuiagUszasduazanin

Puntunsiganu
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Wesundu (Formalin) 1uuiavesunadlon
(Formaldehyde) Miazaneluiin lasunissusesan
FOA 1914 e nusdnluvad sengns lng
N5EUIUNSSaAEaTY (Alkylation) finsainnasnuay
RlUsAwdsnanin Juszdnsamlunisiidn
Usanmeuenludaiindauazdameia tdun @e
Tsladauasnenslulidlungululuidfd (Monogenetic
trematodes) 141 U& 9l&@ (Reardon and Harrell, 1990)
uidaidevaslasinaudufivieainsie vilwuSunu
sendauluthanas nsldUsmnaiunniiuluasyinle
Aan1svatemsenvataund i urd onnele
wenand daduansiouzid (Carcinogen) waziiu
uhafin Fedudildaanifesmugunaniiostuuay
dulunwuzfidaadn (Ruth, 1996) nsaatefves
Wesunaudueg fugumn dvesuiuaznisliernie

Y 9 Y
a =
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Y
I3

Wosunduaatsnanii Wesuduluszauanuutu
25 ppm azaaedmuaniglunailiiu 36 dalu
flguunqiiun 27-30°. USuraarsiuugidi fo 1)
15-25 ppm 24 $aludluve Wiaadesiviuazan
8115 2) 125-250 ppm 1 §31u3 3) 1,000-2,000
opm 15 Wit dmSuidadesiitlavan (Leal et al.,
2018) 3nN1SANHIUBY Yu et al. (2020) Anwinsld
Wosudulunissnwinisinusdn Mesanophrys sp.
vy (Portunus trituberculatus) uenninesunau
AN NT U 30-40 ppm @1u150TTIuA1TTAEN
n13@ auaslad nuluvan Silver perch (Bidyanus
bidyanus Mitchell) fideduueiu Rowland et al, 2006)
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multifiliis) Taedalainsaunalad wduey (Yanone,
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(Reardon and Harrell, 1990) vaneuil el o u 9
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Wasuguldideduivansussneudu q Usinaansd
wuz Ao 0.15-0.20 ppr 24 F2lusluve Tngen
Alkalinity $i89311n91 50 ppm (Yanong, 2010) 210
N13@nw1U9 Owatari et al. (2020) 1¥qudA3I1Y
W 0.2 ppm lumssnenisinde Amyloodinium
ocellatum Tuyane13 A un3 8 a1l a3 a Brazilian
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AwyeequAANUI quaanududu 37.47-44 58
ppm mmmﬁﬂﬁlﬁﬂmimaiuﬂammw%l'%m‘17f 96
las (Wani et al., 2018)
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sp.) $nwilsauienuazuuavauaindouvaiiie
Fo31 $nwlsedmalalesioda (Cichlidogyriasis) Tu
Uanila eendladarsdunsduarnznounuie Fiuan
AUuueondlaud eadwldlunisdesaane
a139un38 (Biological Oxygen Demand: BOD) uag
Usulgsnanwin Aty uenanidshdnaueds

= ° Y a a % 6 Yy v o
3,JNawﬂiwﬂiuﬂmaaﬂ‘dLﬁ]uiuumﬁmlﬂ AU UAIT
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wasesnulndendedinsldasiuarlildves
AUy seiuiinduasesndladfisunss e1ash
AR uATIER AT AR7 wazdIud U 9 veq
$umeayed Vinaddudaesfuiiing fafuli
ﬁwmﬁ’uaﬁﬁmﬂ%jqﬂﬂizﬁﬂaqffu WU Qaile Wiumn
e featu uasmininewse iedesiudunse
fionaAaduy (Marking and Bills, 1975) UYSunaans
fiwuziife 1) 2 ppm viseazateseiuiinluiug
Idudvaysouluvaides (nsdiiddqulivhnig
Tnmsait av1USun i iunzay) uazndan1svii
UFAse1nely 24 dlus theaswdsududiena
994 MnO, N3 7 bl n151U4 sudve suinansin
USinawewnaiufisanniduly 2) 4-8 ppm diefdn
wnasnneu (Tucker and Boyd, 1977) anandufivd
annsovilvanme¥esas 50 71 96 dlus Tutanen
(Channel catfish: Ictalurus punctatus) ALTLTY
0.750 ppm Uanes (Carassius auratus) 3.60 ppm
wagdanudnanuduivuosnsiuiinaggedud
avanslutinsednafedanudunsadisgs (Marking
and Bills, 1975) n15la9viuAinALTUTU 4 ppm
daruisaldnid’a Flexibacter columnaris Tulan
Fathead minnows (Pimephales promelas)(Jee and
Plumb, 1981) Tuaausdi ansiufineundudu 20 ppm
20 W 22°%. ann1sAnUSER Pseudodactylogyrus
spp. Iuﬂaﬂ‘waijﬂu (Anguilla laponica) (Chan and
Wu, 1984)

nsntnduaey (Acetic acid) iHuasainde
warilsslenflunedniiilaenismdnd esan

[

AeuonuesUan (Ruangpan, 1988) sauyidkiusedl

=2

pongns lnsuandndulalasiaulessu (HY) 39
arusavinlilusaunazluduiianisid@eaninle
wonani GeildiAnnsiuasuudasesdn pH lu
lalananadu (Cytoplasm) viliufAseluadusdn
\doauna UTunaansiiuuzi Ae 1:500 WU 1

W9 wag 1:4,000 ¥30 1:6,000 WUy 1 9 21u4

(Leitritz and Lewis, 1980) ﬂimu%ﬁé’mawﬁgmm
WU 2 HadansaoanT WruIu 30-40 AWV @ansa
T4lunissnunlsaludamesiifindold (Wildgoose
and Lewbart, 2001)

Imsmaasweou (Trichlorfon: Dipterex®) 1Uu
anslunguesnilumeasln (Organophosphate) 713
sAgn Fegnihanldtusgnaunivanslumedniin
a1unsan1dnnNas Uasla nuausines wusuaus
Ua s wivvan esnn wazlensi (Hydra) (Lopes
et al,, 2006) neduduouledesdfialnduoanesd
(Acetylcholinesterase) wuulidnunau vinliiinag
azauowledd 7 usnadudszamdunnin
(Sympathetic ganglion) YdUs¢@1nn131BUNINAN
(Parasympathetic ganglion) LaIDYM BIL U 13
duUszaimaanundiuid o (Neuromuscular
junction) AansuinturenszuIumsiUasuLlas
ausinadngliidudauanunndu (Depolarization)
voaid osiuiwadUszamudslauuud (Postsynaptic
membrane) AaALIal daalidnisnsed uwad
Uszamegasanl e Tnglanigsyuuyseainnig
Funnin uagszuuUszamiaauaunsiadouln
U993°9NY (Bassleer, 1998) msﬁﬁawﬁwﬁmmwtm
fasonuas dnflaifinszgndunds van saviauywd
Inspaosneuasaaneildnluififaudussdees
aaneiliuszana 99% nelu 2 Falue udaziaies
Tusitidunse enaulnsnaosnouasldlut
azuanmleasianaasaea (Dichlorvos) Wudiulng)
Feaefienuamuluhgamngd 20, arslanaoiaea
fldzivsinadiaunsansiatalédte 526 Su (Lopes
et al., 2006) USu1aansfiwuzii Ao 0.25-1 ppm
(Bassleer, 1998) ﬁmﬁwﬂuﬂaﬂmzﬂﬁuﬁaﬂﬂs?lm
Pseudodactylogyrus spp. ausalalnsaaesneu
adudu 0.27-1.0 ppm uy 24 F3lu nn23u2 ¥

[

(Chan and Wu, 1984) vausilnsnassneunnuidudu

0.2-0.4 ppm Uy 48 F3lu3 @1U1508AN15AMYe
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Lactococcus garvieae qu"j NN (Macrobrachium

rosenbergii) (Chang et al., 2006)
nsAnwasaidunmsanmaaaualuniy

fmzidssUania wieysselovdluniadenld

asadingnasskazivunzay dmiun1sidndsdn

'
d

MAndunelunisy wagainteyatieiuinlig gy
AnuaulanazAnSsuiisuUseanSveanasunau
Y& nsAUNEY fnaunu wazlesmaasneu sannsg

[ =3 v

19aviusedalulafia wetunusuldlunisuasly

Do o2 2D

lngddngusvasdiailSouiisulsednininues
Wosunau ui nInundu Aneiviiy wazlnsaaasneou

fonsidniusyaaluUananasslulanu

auUnIaluadsnIg

dninnasg

MstTaninaaeslauI1un1IHANTUIN
Mahidol University-Institute Animal Care and Use
Committee (MU-IACUC) 5% @las3n15 MU-IACUC
2017/010

anuanilavunn 8.2+2.3 ey, 911U 180 617
gnauanUeiudiinsszuiaveaiiuseds Tasnnsdu

a o

AUSLIUEIUTY wazilan (Skin and gill scraping

ec2

examination) usagngumsnaaaszivariiatuue
30 617 iesludelWuesnatauua 500 03 $1uan
6 Uo Winthainveideasinns 300 ans Tuusaze
NSUUINGNNTTNAADY

nqun1IvAaeianun 6 nga Tasuyay
ﬂajmﬁ 1 Wosunau 37% (Formalin) Usunad 30 ppm
(9 fladAn3/300 ang) nguil 2 QUA (CuSO,) Y3l
0.25 ppm (75 adn3u/300 an3) mjuﬁ 3 nsmdy
WU 98% UInad 25 ppm (7.5 1adans/300 809)
ﬂq'mﬁ 4 A9iuTia (KMnO,) UTunas 2 ppm (600
fiadn$u/300 3n9) nauil 5 lnsrasiweu (Dipterex®)

USuay 0.25 ppm (75 dadn$1/300 &99) mjm?f 6

Junguaiunudeau (Negative control) laiifiuans
Tn 9 aduihildssanaeanisnass (Fisure 1)
N1INARBY

MRINUUINAUERINAa03 v1N1591n5I3
Usdnnounisldansiad uazinsouanswniiniuusunu
fifoanns thansiadlidenlivinisud (Bath) smung
19 o 1uszezian 24 Falus leefinisfiuenie
meluveliiganenaoniia
ASAUAIRE1e wazn13nIIItade

nafiueglnsduuananuennaesiuan
n32937U9U 5 62 Amdudesaz 15 91nduaulan
fiave Geditunoussd NUNI5YANTIUTART 198
Fudandreufuniung (Snsidau 1 e o Tu
LONIUA) AIBAUIAYT 40 ppm W91 Uar b
ANUTOINYIFUAANITNTIH Fethdanduanshnig
fiudireg1e msiumedislaenisliduiulngladyn
vinaRmiuasmion Saasvhiisneu (gadiudne
Y93/9Ua1) Uagndansine (an1uvnvesiian)
Tngsumisiyauinaimisazyaivinudii
dnanurulawantdnsuan AUIANTIN 2.2 BU. 8717
2.2 9y, uwarvinanuiendzyai iontd uuuge
(Figure 1) Fesfragnais 2 vinazueniudeunula
alas fogazusiu ndanintdunen 0.9% NaCl as
vuusualad 2 90 uagnukulaaladfifidiegng
aslu Tnetuurudedladeuildyaidimnszani
thanluituaaulufsiidoondiau

dosnsranielandesranssailaeld
Mdsvereru1n 50 W1 (Auding 5X uaziaudni
10X) Beagdosnmriaamzduiidanszandidman 3
Loanazuduudsdninnanulunsdaziedi
wonifu vigiaun 3 seuluusinga (Figure 1) Tng
thdunulsdaifuldumuamnaduulsdnse
Frnulaniifinusan (Mean Intensity: MI) sniagng
u TusAationun 5 6 SuaudanfifausAeiiame

6 67 Agldl MI = 5/6 = 0.83 kagAIAUYNVRILIA
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(Prevalence: P) 8nd29819191 Uanfigusnnsaad]
Wanua 10 6 fdaiieusdnsianan 8 i azld
P = 8*100/10 = 80% Uuiinuail finnseudieu
Tusagnau
mimfmqmmwﬁw
ihiildlumsneasaduirandenuildly
WS L ldwuntsusuaninla 9 vn1snsas
’?Lmﬂzﬁﬂqmmwuy"wﬂ'auLLazma‘"qms‘mmaaq
W5 Twesinge Wiwn sendiau ((adniu/dns)
qmmﬁﬁw (paraidea: °o.) adunsa-Ang (pH)
Tulnsv (Tadnsu/dns) luwsn (Hadnsu/dns)
wonladly (Hadnsu/ans) anutAu (ppt) Ay
AN (Hadnsu/ans) Anunseans (Jadnsu/ans)

Skin
scraping

Gill

NNFAATIEINNEADA
TIUNUNITNARDINUUA WaANY Tl
(Completely Randomized Design: CRD) i 6 ﬂﬁjm
n1snaaes leun ngud 1 wesu1du 37% (Formalin)
naufl 2 U (CuSOy) newil 3 nantnduidiudu 98%
naudl 4 Ansiudia (KMnO,) nauit 5 lnsraaswiey
(Dipterex®) nguil 6 nguAUAN YMFAATIZiAL
wUsUTILvRItaYa (Analysis of variance) WUUNAFED
(One-way analysis of variance) waztUIsuLiBUAIIN
LANAN9YBIA AR T8N NYANITNARBIAIETD
Kruskal- Wallis test b g Mann-Whitney U test i
seduaITaiu 95% (p<0.05) felusunsu SPSS

version 19.0

&

upg

Skin

Figure 1 The sampling location and examination position under the light microscope
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nsTeuisusenInedIuIuUsannedulu
Uanfiinusannseili3enit Mean Intensity (M) way
A1AuYnueilsa n3o7i5endn Prevalence (P)
wuTmdaninisldvesundu ui nanthdy
Aviuiiu lnsaaesneu (Dipterex®) wagnquaiuny
A1 Ml uag P Asuanslu Table 1 uag Figure 1 tay 2

AIANYNTDINTSHIALIA (Prevalence) wag
SrnuUsinresiuiulariinusan (Mean intensity)
gaInsnuiiusdafinmiluagionUan nuineu
Fnwrluvsnisnnassilan Prevalence Lag Mean
intensity Lad evjnua WU 0.77 wag 4.275 muansy
nasannaaedlianseil 6 via laun Wesundu qua

nsaundu sreiuiiy warlesraedeu Wuran
24 s nuingunaassiinulsananaseeisinion
I@un Wodundu nsaundy wavaewuiiy luvasd
nauildqud lnsraesvlou uaznguaiuny wuUsan
unTudioBeuiisufunansaatounisvnass

PNNANITILATITANADANUI Wosundu
AL uazaeiufiy @anunsardaiuseseann
fvanld Imenisnusagsuiuiiussdadssuiau
SywianouLaEngINs SN Feans 3 wind Ay
wanenstuegaivedfyneadn (p<0.01) waziile
Wisuiguuseansnmlunisidniusesauasans
ite 3 wiindl fuguinarlnsmassou nuindaanu
upnAAUeE e d Ay 19aia (p<0.01) (Figure 1
uag 2)

Table 1 Comparison of mean intensity (MI) and prevalence (P) between before and after bath

groups with formalin, copper sulfate, acetic acid, potassium permanganate, trichlorfon

(Dipterex®) or negative control

Times Formalin Copper Acetic acid Potassium Trichlorfon  Negative
sulfate permanganate  (Dipterex®) control
Ml P Ml P M MI P M P Ml P

1 Before 200 20 150 40 433
After 0 0 180 50 1.00

2.00 60 1.67 60 133 60
0 0 550 100 513 80

2 Before 350 100 3.00 80 270

After 0 0 13.50 100 1.00

100 256 90 4.11 %0 422 90

1.50 40 1580 100 4.80 100

3 Before 6.75 80 414 70 11.20
After 0 0 5.80 50 0

100 10.44 90 560 100 590 100

2 10 6.50 80 422 90
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40% Formalin CusO4 98% Acetic acid KMnO4 Trichlorfon ~ Negative control

b

o

Treatments

M Pre-treatment Kl Post-treatment

Figure 1 Comparison of prevalence (P) between before and after bath groups with formalin, copper
sulfate, acetic acid, potassium permanganate, trichlorfon (Dipterex®) or negative control
(mean+SD, n=30); Different letters indicate significant differences (p<0.05) between groups

for a given time point.

16 -
14 ;
> 12
g 10 ? a
3
= 8
= a Q
S 6 T Q 2
> . \
4 : \
\ b
: BN B B
0 b SN
40% Formalin CuSO4 98% Acetic acid KMnO4 Trichlorfon ~ Negative control
Treatments

M Pre-treatment Bl Post-treatment

Figure 2 Comparison of mean intensity (MI) between before and after bath groups with formalin,
copper sulfate, acetic acid, potassium permanganate, trichlorfon (Dipterex®) or negative
control (mean+SD, n=30); Different letters indicate significant differences (p<0.05) between

groups for a given time point.
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Abstract

This study determined the prevalence of blood parasite infections in dogs in Chiang Mai, using
multiplex polymerase chain reaction (PCR) developed in our laboratory. It also generated database of
blood parasite infections in dogs for launching veterinary services of Faculty of Veterinary Medicine,
Maejo University. Blood was collected from 870 dogs in 19 districts. Multiplex PCR was conducted to
detect VirB9 gene of Ehrlichia canis, 18S rRNA gene of Hepatozoon canis and Babesia canis, and groEl

gene of Anaplasma platys. Single PCR was used to detect VSG gene of Trypanosoma evansi. The results
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showed that dogs had the highest prevalence for H. canis infection (331 dogs: 56.7 %), followed by
E. canis (6 dogs: 1%), A. platys (5 dogs: 0.9%), and B. canis (2 dogs: 0.3%), respectively. Some dogs had
co-infections with two or more parasites, which were H. canis + B. canis (191 dogs: 32.7%), followed by
E. Canis + H. canis (15 dogs: 2.6%), H. canis + A. platys (12 dogs: 2.1%), E. canis + H. canis + B. canis (8 dogs;
1.4%), H. canis + B. canis + A. platys (8 dogs: 1.4%), E. canis + H. canis + A. platys (2 dogs: 0.3%), and
E. canis + H. canis + B. canis + A. platys (4 dogs: 0.7%). No T. evansi infection was found. There was no
association between blood parasite infections and gender and age range of dogs. There was a significant

association between low blood parasite infection and availability of veterinary services within the 10

kilometers from the dog residences.

Keywords:
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Figure 1 Geographical map illustrating districts in Chiang Mai and numbers of dogs

in each district recruited for blood collection
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Table 1 Primer sequences for gene specific amplification including E. canis VirB9, H. canis

and B. canis 18S rRNA, A. platys groEL, and T. evansi VSG

Pathogen Gene  Primer Primer sequence (5’-3’) Conc.  Product
name (nM) size
E. canis VirB9  Ehr1401F CCATAAGCATAGCTGATAACCCTGTTACAA 200 380
Ehr1780R TGGATAATAAAACCGTACTATGTATGCTAG
H. canis 185 Hsd62F TGTGTACAAAGGGCAGGGACG 100 462
rRNA Hs462R GCGGCTTAATTTGACTCAACAC
B. canis 185 BalO3F CCAATCCTGACACAGGGAGGTAGTGACA 200 619
rRNA Ba721R CCCCAGAACCCAAAGACTTTGATTTCTCTCAAG
A platys grofl  Ap724F AAGGCGAAAGAAGCAGTCTTA 400 724
Ap724R CATAGTCTGAAGTGGAGGAC
T. evansi VSG Te227F TGCAGACGACCTGACGCTACT 500 227
Te227R CTCCTAGAAGCTTCGGTGTCCT

nsAATIEvdayanieEina
AATITIANUFUNUTTEIINAMUTAU LA
wiA 918 wagn1siuInisnedmiunndlusyey 10
Alawnsanntu wagdauusany leud nsanie
E. canis, H. canis, B. canis, A. platys Wag T. evansi
Taeldadfvadounuy Chi-square test sz iy

HodAyn19an@ 0.05
NaN15I8LkazINTl

Mnatiuiemesiuau 870§ wugdufifin
Aedonolsangsluldensiuiu 584 & (Andy
Yovay 67.1) wialumsindenslsauowdnfien
(Single infection) 91U 344 @1 (5e8az 58.9) uag
nsAmdosiufudns 2 vdaiuly (Combined
infections) 91u2u 240 @1 ($eay 41.1) (Table 2)

nshadenelsaiismdaifier nuatuinide

H. canis 1n¥1ga (331 63: Segay 56.7) 709a911AD

E. canis (6 §i7: Sowaz 1) A platys (5 67 Sovas
0.9) uay B. canis (2 §i: 5988y 0.3) ATUAIAU
miams‘gaﬁ’mﬁuwumﬁmﬁﬁa H. canis + B. canis
(191 #2: ovag 32.7) wnilgn sesasnfe £ canis +
H. canis (15 #: 3o8iag 2.6) H. canis + A. platys (12 67
Soway 2.1) E canis + H. canis + B. canis (8 #: Sovay
1.4) H. canis + B. canis + A. platys (8 ia: Setay 1.4)
E. canis + H. canis + B. canis + A. platys (4 §7: Sovay
0.7) waw E canis + H. canis + A platys (2 #%: Sovag 0.3)
liwumsinde 7. evansi Tugtfrianmaiifn e
nseidadiuvesnisindenelsanesluidon
wuiailudmindeddfaido H. canis Tudndau
wniian (Sevar 67.5) s09a%nAe B canis (Fovas
25.2) E. canis (50vag 4.1) uag A. platys (5ouag
3.2) gua1au nsanwludnwaziheauludmia
uAsNLUAE33 Single PCR nugtiufinidie H. canis
(508ay 44.2) £ canis (§o8@ay 9.3) wag B. canis

(Sawag 7) Juasook et al, 2016) wazludaninasuan
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wuatuRnde H canis evay 18.8) B canis ouaz
9.4) A. platys (5ovaz 4.6) uag E. canis (Fovaz 3.9)
(Liu et al., 2016)
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Tuidengsiiande gen (5/5 ¢n: fevaz 100) s05@e
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Fouaz 80.8) wie1y (55/71 ¢i1: Sovay 77.5)
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64) 119 (26/52 f1: Soway 50) dunsie (2/4 6
Jo8az 50) 11909 (10/21 ¢ Souag 47.6) WL
(19/48 @7: Sowaz 39.6) W9 (7/71 @ Sewaz 9.9)
wagAasdiniul (0/37 @1: So8ay 0) AINAIAY
(Table 2)
nsfnidenelsanesludeanuldidluay
mejLLazmeﬁaiué’@fiauﬁiﬂélﬁmﬁu ($ovaz 67.9
WAz 66.2 AIUAIAU) (Table 3) miam%}adaus[,mg
wulugieny 7-10 U (Seway 74.1) 5098311f0 87g
Houni1 1 U (Gowaz 70.3) 4-7 U (Sovay 67.4) 1-4 U
(5o8ay 65.8) wagu1nnin 10 U (53.9) auandu

o a

TanwuanuduiusedslitodAgnisadfsywinenis

Antonaslutdeniuine (p-value=0.66) Lazaaa

91884 1% (p-value=0.35) (Table 3)
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Fmunndlusverlihiu 10 Alawnsaniidesgifod
8 8ne loln AveLAl neenas LilsoU ABUdELAN
Fulnes Fune Mee wazuaa (Table 3) M3
mhsuimamadmunmdlndsuanuilidssatvens
slvadaldunisguadiuguninldundy Taswy
ALFUNUS g 19T TuAAY NN ATEI19RTING
Aaderelsanesludeaiimasiunsimieuinis
madmwnndluszezldiiu 10 Alawnsainiiass
1% (p-value=0.00)

mamsﬁmw‘fa%waqﬁmmﬂﬂﬂuL‘%'aamm
ynveamsinidonsdludenlugivlutonindessl
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Table 2 Prevalence of blood parasite infections in dogs in Chiang Mai, Thailand

District #Examined # Infected #Uninfected
E H B A T E+H E+B E+A H+B H+A B+A E+H+B E+H+A E+B+A H+B+A E+H+B+A

Chai Prakan 17 0 8 0 1 0 0 0 0 3 0 0 0 0 0 0 0 5
Chiang Dao 59 0 a0 0 1 0 2 0 0 4 1 0 0 0 0 0 0 11
Chom Thong 8 0 3 0 0 0 0 0 0 4 0 0 0 0 0 0 0 1
Doi Lho 21 1 6 1 0 0 0 0 0 8 0 0 2 0 0 1 0 2
Doi Saket 120 2 43 1 3 0 3 0 0 27 5 0 2 0 0 2 2 30
Doi Tao 28 1 11 0 0 0 0 0 0 14 0 0 1 0 0 0 0 1
Fang 52 0 19 0 0 0 0 0 0 7 0 0 0 0 0 0 0 26
Hang Dong 21 0 5 0 0 0 0 0 0 4 0 0 1 0 0 0 0 11
Hot 5 0 2 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
Kanlayaniwattana 37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 37
Mae Ai 71 0 36 0 0 0 0 0 0 18 1 0 0 0 0 0 0 16
Mae Chaem 48 0 11 0 0 0 0 0 0 6 1 0 0 0 0 1 0 29
Mae On 57 0 18 0 0 0 0 0 0 25 2 0 0 0 0 3 0 9
Mae Wang 71 2 a4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 64
Om Koi 52 0 28 0 0 0 0 0 0 14 0 0 0 0 0 0 0 10
Sa Moeng 72 0 53 0 0 0 [ 0 0 13 0 0 1 0 0 0 0 1
San Patong 75 0 25 0 0 0 6 0 0 9 2 0 1 2 0 1 2 27
San Sai 4 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2
Wiang Haeng 52 0 18 0 0 0 0 0 0 30 0 0 0 0 0 0 0 a4

Total 870 6 331 2 5 0 15 0 0 191 12 0 8 2 0 8 4 286

49"

E, H, B, A and T indicate E. canis, H. canis, B. canis, A. platys and T. evansi, respectively. E+H = E. canis and H. Canis; E+B = E. canis and B. Canis; E+A = E. canis and A. Platys;
H+B = H. canis and B. canis; H+A = H. canis and A. Platys; B+A = B. canis and A. Platys; E+H+B = E. canis, H. canis, and B. canis; E+H+A = E. canis, H. canis, and A. platys

E+B+A = E. canis, B. canis, and A. Platys; H+B+A = H. canis, B. canis, and A. Platys; E+H+B+A = E. canis, H. canis, B. canis, and A. Platys
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Table 3 Risk factor analysis (gender, age group, and veterinary service availability) for blood parasite

infections in dogs in Chiang Mai

Risk factor # Examined # Infected # Uninfected P-value (2-sided
Pearson Chi-square)

Gender 0.66

Male 476 (54.7%) 323 (67.9%) 153 (32.1%)

Female 394 (45.3%) 261 (66.2%) 133 (33.8%)
Age group (year) 0.35

<1 Puppy 158 (18.2) 111 (70.3) 47 (29.8)

1-4 Juvenile 453 (52.1) 298 (65.8) 155 (34.2)

4-7 Adult 175 (20.1) 118 (67.4) 57 (32.6)

7-10 Presenile 58 (6.7) 43 (74.1) 15(25.9)

>10 Senile 26 (3.0) 14 (53.9) 12 (46.2)
Veterinary service availability within 10 km 0.00

Yes 397 (45.8%) 251 (63.2%) 146 (36.8%)
No 473 (54.4%) 333 (70.4%) 140 (29.6%)
Total 870 (100%) 584 (67.1%) 286 (32.9%) -

A3UNAN15IY
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This research aimed to study smallholder para-rubber farmer’s household livelihoods in the
three southern border provinces, i.e., Yala, Narathiwat, and Pattani province. Primary data were collected
using structured interviews, non-participant observations and natural conversations with a total sample
of 313 smallholder para- rubber farmers, using the purposive sampling. Descriptive statistics, i.e.,
percentage and average, and manifest content analysis were employed to analyze the data. The findings
revealed the trend most affecting the smallholder para-rubber farmers’ household livelihoods was the
change in natural resources and environment. Their household livelihood assets were overall at a moderate
level. More than half of the smallholder para-rubber farmer households gained the supports from the
related government agencies. The key livelihood strategy of the smallholder para-rubber farmer households
was social adaptation. The smallholder para-rubber farmers’ household livelihood outcomes were overall
at a moderate level. The findings of this research will provide valuable information to policymakers as
they formulate appropriate policies, e.g., encourage diversification of agricultural production activities,
make occupational choices in the agricultural and non-agricultural sectors, and promote knowledge in

the appropriate issues.
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Figure 1 Smallholder para-rubber farmer households’ livelihood assets in the study area
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Human Capital Factors Affecting the Income and Labor Productivity

of Rubber Farmers: Case Study of Surat Thani Province
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This research aimed to study the labor productivity of rubber farmers and to study human
capital factors affecting the income and labor productivity of rubber farmers. Used questionnaires with
sample size of 400. The statistics used for analysis were mean, standard deviation, percentage, regression
analysis. The results of the study found that total labor productivity 1,803.18 ke/rai/year and average
were 4.51 kg/rai/year. The human capital of the rubber farmers had found that factors agricultural
experience, occupation before rubber planting, health and knowledge of rubber directly variable at a
level of significance 0.05. Education level and knowledge of modern farmers was directly proportional
to income at a level of significance 0.10. The factors of human capital to labor productivity, it was found
that agricultural experience, health condition and modern farmers knowledge directly proportional to
labor productivity at the level of significance 0.0 1 and education level, career before planting rubber,
rubber knowledge directly proportional to labor productivity at the level of significance 0.05. Approaches
to promoting rubber plantation farmers to increase their income and labor productivity should be based

on the human capital potential of rubber farmers. including providing additional knowledge.

Keywords: productivity, rubber, human capital, income
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(Productivity) fegluinasifilsigauazeldinunsns
figmsades mnfinnsandanaersnsiudagiu
(W.A1. 2562) 51A1V8LRRY 35.97 U (Department
of Agricultural Extension, 2019) Welinunsng
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Table 1 Rubber farmers in Surat Thani province
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81,829 51¢ (Surat Thani Provincial Agriculture
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10l wei. 2562 (Table 1)

District Population (unit) Sample (unit)
Suratthani city 2,081 10
Kanchanadit 9,269 45
Donsak 4,098 20
Koh Samui 1
Koh Phangan 1
Chaiya 4,772 23
Tha Chana 4,747 23
Khiri Rat Nikhom 5513 27
Ban Ta Khun 1,510 7
Phanom 5,392 26
Thachang 4,916 24
Ban Na San 5,540 27
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Table 1 (Continued)
District Population (unit) Sample (unit)
Ban Na Doem 3,357 17
Khiansa 4,555 22
Wiang Sa 5,103 25
Phrasaeng 6,342 31
Phunphin 7,648 38
Chai Buri 3,764 19
Vibhavadi 2,915 14
Total 81,829 400
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Table 2 Characteristics of analytical variables

Variables Data and meaning
1 0
Education level primary school other
Agricultural experience 11-15 years other
Career before planting rubber farmer other
Health condition healthy/normal have a congenital disease
Knowledge of modern farmers have knowledge none
Rubber knowledge have knowledge none
Getting agricultural news have knowledge none
Training trained none
Agricultural knowledge have knowledge none

NaN1538

nsfnwaidelddmuainguszasdiile
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(Table 3)
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Table 3 The estimated costs and benefit per rai

Detail Average (per rai) Standard deviation (per rai)

Cost of investment
The cost of adjusting the area 56,710.43 36,661.02
The cost of agricultural equipment 24,058.75 51,827.04

Operating costs

The cost of purchasing inputs 53,627.87 167,079.32
The cost of maintaining the equipment. 168,760.01 195,135.67
Total cost 303,157.05 450,703.04
Total area planted 17.27 11.14
Average cost per rai 17,553.97 40,445.38
Average number of years of planting 16.29 9.45
Productivity 6,217.20 4,011.66
Total revenue 225,891.60 145,756.95
Revenue per rai 13,080.00 13,080.00

nan1siATzinaanmuseuluniswdn  Alansy nandildlunisyhausindu 3,373.00 $alus
g19W157 T W, 2562 Usznoufedoyanandn nan  Ledeiindu 8.43 alus TagnAnninusasusy
FlATUNITIY KAZHERNINUIIIY HUIHER W 1,803.18 Alan3u/ls/A) wavadawiniu 4.51 Alandu/
YDILABATNTIUATINARYIINIT) ANANENTIN 15/ (Table ) ﬁnﬁ
2,486,880.00 Alansu wazladewinfu 6,217.20

Table 4 The analysis of the productivity of farmers in the production of rubber

Detail Total (year) Average (year)
Product 2,486,880.00 kg 6,217.20 kg
Time to work 3,373.00 hrs. 8.43 hrs.
Productivity 1,803.18 kg/rai 4.51 kg/rai
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HAN1TILATIEANUNYBIVDILNYATNS
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Table 5 Human capital factors affecting the income of rubber farmers

Human capital Coef. Std. Err. T p > |t| [95% Conf. interval]
Education level 12,910.49  7,678.27 1.68 0.093***  -2,195.49 28,006.48
Agricultural experience 2,431.02 971.65 250 0.013** 520.69 4,341.35
Career before planting rubber 24,669.32 11,032.26 224 0.026%* 2,979.17 46,359.46
Health condition 91,453.92 4519893 2.02 0.044** 2,589.87 180,318.00
Modern farmer knowledge 15,951.65 8,904.81 1.79 0.074*** 1,555.78 33,459.08
Rubber knowledge 31,095.18 13,918.63 223 0.026** 3,730.24 59,460.13
Getting agricultural news 8,119.41 12,717.86 0.64 0524 16,884.73 33,123.55
Trained 3,205.15 10,114.35 0.32 0.751 16,680.32 23,090.62
Agricultural knowledge 6,051.79  4990.42 1.21 0.226 3,759.70 15,863.27
_cons 486,630.30 93,321.36 5.21 0.000* 303,154.40  670,106.10

R-squared = 0.0845; Adj R-squared = 0.0634; F-statistics = 4.31; P-value = 0.0001

*Statistically significant level at 0.01; ** Statistically significant level at 0.05; *** Statistically significant level at 0.10
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Table 6 Human capital factors affecting labor productivity of rubber farmers

Human capital Coef. Std. Err. t p > |t| [95% Conf. interval]
Education level 0.1753130 0.0866967 2.02  0.044** 0.0048616  0.3457644
Agricultural experience 0.0310434 0.0109711 2.83 0.005* 0.0094735  0.0526133
Career before planting rubber 0.2736416 0.1245672 2.20 0.029** 0.0287344 05185488
Health condition 1.4028030 0.5103489 2.75 0.006* 0.3994238 24061820
Modern farmer knowledge 0.2598335 0.1005457 2.58 0.010* 0.0621541 04575129
Rubber knowledge 0.3251185 0.1571577 2.07 0.039** 0.0161362  0.6341008
Agricultural news 0.0960110 0.1435995 0.67 0.504 0.1863150 03783371
Trained 0.0580932 0.1142028 0.51 0.611 -0.1664370  0.2826350
Agricultural knowledge 0.0467453 0.0563476 0.83 0.407 -0.0640379  0.1575284
_cons 8.8448710 1.0537070 8.39 0.000***  6.7732130 10.9165300

R-squared = 0.0998; Adj R-squared = 0.0791; F-statistics = 5.33; P-value = 0.0000

*Statistically significant level at 0.01; ** Statistically significant level at 0.05; *** Statistically significant level at 0.10
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This research aimed to study production cost and income and to create a cost production
management model for quality longan by classification and prediction techniques. In 2019,
Questionnaires were collected by using purposive sampling of 38 quality longan farmers in BanLao,
Pa Nai Sub-district, Phrao District, Chiang Mai. The results showed that the average chemicals cost
2,079.20 Baht per rai, the average fertilizers cost 6,937.70 Baht per rai, and the average total production
cost 9,826.73 Baht per rai. The average income was 33,029.52 Baht per rai and the average profit was
23,202.79 Baht per rai. Data mining techniques were used for analysis by categorizing farmers from
quality longan production factors which were numerical values of expenses. The results of the analysis
could be divided into 3 types; 1) the group had high production costs; they were characterized by the
high average potassium and sodium chlorate cost to stimulate flowering at 2,592.50 Baht per rai and
the high average fertilizers cost at 3,642.09 Baht per rai; 2) the group had moderate production costs;
they were characterized by the high average potassium and sodium chlorate cost to stimulate flowering
at 2,592 Baht per rai and the low average fertilizers cost at 5,120.79 Baht per rai; 3) the group had low
production costs. They were characterized by low average potassium and sodium chlorate cost to
stimulate flowering at 1,897.5 Baht per rai and the low average fertilizers cost at 5,250 Baht per rai. The
group with high production costs had less control over production factors. The group with moderate
production costs had a high level of control over production factors such as fruit set, inflorescence
thinning, and distribution channels. The group with low production costs had strict control over the

production factors such as fruit set, panicle thinning, distribution channels, pruning, potassium and
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sodium chlorate cost to stimulate flowering, and fertilizers cost. Therefore, the production cost management

model for producing quality longan from a sample group of farmers showed clearly the cost of fertilizer

and the cost of potassium and sodium chlorate to stimulate flowering could be classified among

farmers. Moreover, each production cost management model had different production cost controlling

which affected the revenue and profit from longan selling.

Keywords:
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(Validity) ¥8@auuUa0UNNINFLTLINIQYAIUNTREY

wazn1suanaloaunin uazfaArundedo
(Reliability) A1 Cronbach’s Alpha 0.8 U510
LAZNGNAIBENN AD NaNNYATNIRUaNAT beAMAN
Urumadn srvadilnd dunend Jmindednd
$ruruvionun 38 19 1¥n15dusI0819U U129
(Purposive sampling) A mjmmwmmﬁtﬂm%’mad
Aanns Bsanunsalidoyaiald dununinae uay
s1eld91nn1591e Wesunudeyauds 138a13
flunside fe 1) Anwndeyaimily duyunisude
wazs1eldannisuiealevesnensns lngdiasien
foyaiefiay mnud uazAnads 2) dudunisenu
nsruIUMIIAsEIUTlddmiunisiumileadoya
(Cross-industry standard process for data mining)
Fuusnifunisritaiiuidlagsia (Business
understanding) ladaymuazinguszasAlasenis

wazn1siiailateya (Data understanding)

a

FIUTWTBYAINWUUAD U UKAZIRBNTBYATIAY
AT

dmfunisiunilesdeyausznausie 4
funou dunouil 1 n15in3sudoya (Data
preparation) Mnuuvasuawiidulwddoyaguuuy
1519 ¥hnsmidendeyafifeants (Data selection)
ﬁﬂﬂﬂiﬂébuﬂsaﬁaaga (Data cleaning) kuasguuuy
Yoya (Data transformation) wazajudeyalilu
sduvumavdmiunsitnisuuangs (Clustering)
wazuUasabiduguunuuluuniden 0 uaz 1 (0 ladl
n133an15/kaifin19vn wag 1 An15dan1s/dn1sein)
Fumoud 2 nsadraluma (Modeling) vnsiden
luea as1slananisviiniswuangy (Clustering) Aag
Bnsudangudeyauuuiaiiu (K-means) A15a314
luwan1smnganuduiusvesdeya (Association
rule) #9838 FP-growth Yumeu® 3 n1559
Usgdnsninvesluina (Evaluation) 1ngvinnis
wuangu (Clustering) Meisn1suUIngudayauuy

Wi (K-means) 1aUsEaNSA1NA8n1591 Elbow
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point Aon1smdurunguuiendaines iz a
Fupoud 4 msilumaluldeuade (Deployment)
U lUTATIEANANIAN BUENUUBILNYATNS
MIURUUNTIANISAUNUNITNERa leAMAINLAE
inlulduselev

NAN1539¢

sULUUMSUIMSAUUNIIHERE laAMnIN
annsaulnaiseld 2 doual

druil 1 Fouavhly fununisnan uazseld
INNTVILVDUNYATNTENAAF AN LNYATNS
Andnantenmnin 91w 38 518 daulugidune
W1y Fovay 68.4 [Wuwmends Sovay 31.6 ey
unfignsziing 47-57 U Yevay 31.6 uavaulngd
ns@nelusedulszau@ne Sesay 58 Anade
Srnuitufiniswan 5.41 1soau 330150181 loveq
IN¥AIASINITVIBLINATY 1 3D ﬁaﬁﬁ'ﬁuayjﬁmmmw
wazvuInvesaile wuatnwasnsarulugleisnig
PrEUInSIInAnNavuIaEn taedsianvielag
waglsay 48,286 um (eld) sesasunie 1993ms
Prewuukennsaualiuendingle Faduidnisue
fidwlngnedarSudedloauin AA 11v718Tae
wde 29 v (eRlansy) vmefinisvisalowuy
LennsaLasuendindle 3n1sunenuuinedisy

1%

FRALTUTDLRNILIUIA AA LATIIANE1bENSUTDIY
YuedivdRaaile lnesiavigeds aundlensa AA
RaEM09 57A1 57 umeedlansy diusianenluns

o

91935870 d1ledTuav1elds1A1 30 U (e
Alansy) wardnIdudsiiinunsnsldnisunegdilede
NFVIBUUUIATHNUI dalerun AA isanunelag
10y 25 vmseAlandy drusuyunisnds leud
Fausshasadumiafy 38.16 v ALedsSosaznns
Annonsaduwintu 58.16 wazAadedovaznisin

HARBAY WU 50.53 UM ALRREANNUNITHRLAS

'
a '

Asdels idu 809.83 Um AaAeduUNTldanT
fnuniseanmenaels Wiy 2,079.20 UM ARAe
dununslidesslsiviniy 6,937.70 U uazAade
fununsHansIusels Wiy 9,826.73 U Alade
srelaanuandnmalsiniu 33,029.52 UN Wag
Anadeilsaels Wi 23,202.78 U

gl 2 mezsideyasemaiamies
Tayalasldisnisuuangudeya n1suUINguYes
nuasnslddadedununisnandloamuamidy
favuazailddng Usenauldae Sruauituiinng
Uan (1) sunulumsdausansany (Lnsels) Sesas
nsfana (Feway) auvunsidasdniinisesnnen
(unsials) Sesaznisinnendesiu (Seuas) Sovasy
nshanasienu (Sesar) dununisldde (Lineels)
s1elavinnisvieaily (uindels) Aliun1sm
Frurundainesuiediuiunguiiianzan (n15m
Elbow point) kagmanuazveenguandadenuyu
MSHARTIAINITILEANGUINYATNTEDN AUl
Favau Wuguuuunisuimsdununisudnanle
AN TNYDHNATNTWABNEY

nsdamieudoya emanuduiusvos
Taya (Association) ludagngulanenisadnang
ANUdNRUSYeIteya (Association rule) Aa8735
FP-growth Tnelddayadwioluil 1) masausmsena
(@n1sdnues/lifinsdnunc) 2) nshiena (fn1s
Anna/laidnsiana) 3) n1sdindensn (An15dnus
go/luifimsdausiste) 4) nisldanstnihniseenaen
(Auaunstdans/liniuaunisldans) 5) nsldde
(Pavpumslade/liniuaunislddes) 6) goanianis
dnd1unune (Hdean1evie/lifideanisvie) 35
FP-growth Sdumeu 2 Jumeu fuusnadrs Compact

datastore 7i3and7 FP-tree 911 Support 1ag

Frequent of A
N
Frequent of B
N

ltem set {A} Support(A)
ltem set {A,B} Support(4,B) =
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n1saseguiuunsaiuaudadeninase

é’uﬂquﬁwuﬂaa 9 (Frequent itemset) 910 FP-tree

1pefeein1A19UAA1 Minimum support 91 0.5 %38

50% nanfefeInuALisgaeslitaanin 50%

Table 1 Performance measurement of model by using the mean distance from center centroid

Number of cluster

The mean distance from center centroid

2

10

89343461.60

60633622.08

42463694.88

30482950.97

27910932.63

23224790.31

19239544.64

16602548.16

18376145.93

Table 1 wansmsialsedvamduuadane s
LAarTreEIafEaINAINANIuI0gALTUNTOE A
(Centroid) M3mIuruadainesiivanzaudieis
903 Forgy Ineduen K lneen K iudnunuvesedanes
AUAMIANTEEELARINALIUNTOUARA Table 1
Fauanstouaninnisuszananaldan K d1uau 9
sUkUY mndeyaiinnuafigadaiulaginiznguiu

laegramunzaulaginaindiiaieannaudnans

Table 2 Number of Item for each cluster

Fasdonguuuu K Avnzay (I uiundaimes)
fufon1s11 Elbow point lasidugaildanduues
nMTiIAsEzIRAERNTALNTOERANAB gAY
n9l TngArfvangauegszninsanfiiiuuazanas
\leRa1su19Innsvigaazay fe 9aiiinng
nzngu 3 Adawes tnefeiendiuiudinarndy
dnuasiAudnuesngusUuuUNSUISHUYUNTHER

alenunmdIuig 3 sUuuy

Cluster Number of Items
Cluster 1 10 items
Cluster 2 8 items
Cluster 3 20 items
Total number of items 38 items
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Table 2 wansd1uudoya (nwnIng) Minng
imenguluusiazadames aunsnesuien 3 adaines
9fe adawes 1 Idayadnuiudaya (N¥asng) N1Y

nauiudIuIY 10 919015 (518) Adanes 2 fideya

Table 3 The center of each attribute in each model

uudeya (naIns) Nenquindiuiu 8 s19n1s
(578) wazAdames 3 Iloyadiuiudeya (NWnIN3)

MgNauAUIILIL 20 578715 (579)

Attribute Model 1 Model 2 Model 3
1. Amount of planting area (rai) 4.11 6.00 6.33
2. Pruning cost per Rai (Baht) 1,076.46 729.76 798.85
3. Percentage of pruning per tree 41.67 42.86 38.75
4. Potassium and sodium chlorate cost to 2,592.50 2,532.00 1,897.65

stimulate flowering per rai (Baht)

5. Percentage of flowering per tree 72.22 61.43 56.50
6. Percentage of fruit setting per tree 64.44 58.57 46.50
7. Fertilizers cost per rai (Baht) 13,642.09 5,120.79 5,250.42
8. Revenue by selling longans per rai (Baht) 35,600.39 65,795.24 23,707.57

Table 3 LLaQQ%agaqmﬁQﬂaWQ%aqLm'ax
HadonIeduus (Attribute) lunsayadaino$ds
ndniazieiadame fifusunuunmsdanisiunu
maandlonunm Ineuanigansnanswesiiades o
1NN1TUsTIIARaAdames Han15atAs1endady
flamnsnusdmauenngudeyalddaau Ao dununis
Mastniinisesnaenuazdununisldde @a1u1sn
wsndamesinumsnsoanidu 3 nau fe nauiifiFuny
Hadumsuangs nquitiidadenisudatunans uaz

naunddadenisndnn lnedldnuauslagasusail 1)

| o Aay

naudsuuladenisnangs danvaeauyunisly

9 9

arstniinisesnneniafias (2,592.50 Unaols)

v

wazsuyunslHloadegs (13,642.09 vsels) 2)

ngunddunuiadenisndniiunans danvaedunu

q q

nsldansdniinisesnaeniadeas (2,592 vmsials)

17

wagduyunslivetadon (512079 vindels) 3)

'
1 a

nauiildunuiadenisuanan Tanvaedununisly
a159ninnseennanedsi (1,897.5 unsials) way
suyunslileaden (5,250 umsials) lnetadudu

Mvdeldanansalduennguuesdayalaegietaiay
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Table 4 The support in model 1

Support ltem 1 ltem 2
0.625 Pruning
0.625 Fertilizers
0.500 Pruning Fertilizers

Table 4 uanstoya A1 Support ¥eIlaYa
Jaduveagunuud 1 wuirdadediiiudn Minimum
Support #i 0.5 (MneANINdiANETes item WU
\Aundn 50% veadeyanivualungu) lasidunis
AruAndadeannsinwsiamssiy nstdde Inedien
Support asﬂiﬂl 0.625 LLazmﬂmuqmﬁu’&mﬁmm
nsauLaznslide A1 Support egff 0.5 a3Udn
Tundaimesudeguuuud 1 nguiididuyunisuangs

Table 5 The support in model 2

17

(Fununnsltansadogauasfununislilondeg)
szituldimsmuauiiadeiinasesuyueglusysu
fiiann nsuANNITARLAWTINLATAY Support
figeanuddununisiausmseiulallidenaedunu
Yaangy N1sAUANNIsiddeaIndeyailen Support
WTUAUABIIINNNTADUKUUABUAN AR MEUIENTT

AuAuuAn1sIEledauyu (Un) Ngennniyangs

Support ltem 1 [tem2
1 Fruit setting
0.905 Distribution channel
0.905 Flowering
0.905 Fruit setting Distribution channel
0.905 Fruit setting Flowering
0.810 Distribution channel Flowering

Table 5 uansdaya A1 Support YeIlaYa
Uadeveanguuiesuuuui 2 Yadeilan Support

a

figefio n1sfana sesasundudiduiio Yoanienis
IR91MUIY N1TANYRABN NITAANALALYBINY
Jndmung n1sharataznisiatenan lagaguledn
Tunguudeguuuud 2 Fadunquitidunuiiede

nswanUIunane (Fuyunisldaisiafsaawasiunu

nsléloiadios) fnsmuaudadovansiladouniu
Tnanuasnstunguiinisfanavnan wandliiuing
mMsfanaiiin dnsmvesmsdndmeiiedimineg
Slpdenasionauisivedleldsiaigs dnnsdn
vonenlusnifige uaasliiiiuindinsianengs n1s
Anneniidesnainnisldaisdniinisesnaenly

USunaununn
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Table 6 The support in model 3

Support ltem 1 ltem 2
1 Fruit setting
0.857 Distribution channel
0.857 Potassium and sodium chlorate
0.857 Pruning
0.857 Fertilizers
0.857 Fruit setting Distribution channel
0.857 Fruit setting Potassium and sodium chlorate
0.857 Fruit setting Pruning
0.857 Fruit setting Fertilizers
0.714 Distribution channel Potassium and sodium chlorate

Table 6 uansdaya A1 Support vestaya
ﬂﬁ]ﬁasuaﬂﬂajm%agﬂl,t,uuﬁ 2 Jaseiifidn Support
figedie Innsinna ddoamsnisindivine dnns
AuANNsidanstniinsesnaen InMsdausansany
finseuaunslide Tnsagulsinnguviesuuuui 3
nquiiddunuiladonisnandn (Fuyunisldans

fninseeneeniadeiwazaununisidlenieni)

finsmuudadosing q nasesuyulusyiuiigs
wazdinasionssmirealoduegnefidiuiu 5 Jady
910 6 Jaduiiiluuszanana uandifiuinnuasng
aza1unsaUszauAudsalun1TUIMISAUNUNIS
wandrlonanwdsauantladefidsnadediununis
wanlvinniigaegnatos 5 a8 munguvidesuiuy

7 3 9199U

Table 7 Production costs management model for quality longan

No Model 1 Model 2 Model 3

1 Pruning Fruit setting Fruit setting

2 Fertilizers Distribution channel Distribution channel

3 Pruning, fertilizers Flowering Potassium and sodium chlorate
4 Fruit setting, distribution channel Pruning

5 Fruit setting, flowering Fertilizers
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Table 7 LAAITBLANITUUINGUNYATAS
\Hundaimesdasunudieguuuunisuimsiunu
antegunin lneuuslaidu 3 nqu uazeduienis
muaudademeluudazngulnetuninuivestady
ﬁﬂw@mGiaa"m’guam%ﬂiuﬂajmﬁu’wm (A1 Support
1N 0.5) Wnsagumsauanladeluusassuuuy
ol

sULUU 1 nguiididunuiadonisudng
(Fununisltasadogauazdununsldtewnisg)
Lﬂwmﬂﬂuﬂduﬁﬁmimmmmsﬁmwﬁmwﬁu 3
ATUANNITLYYY LagN1TAALAINTINUTINAUNS
AuAunsldde

UMY 2 nguiifidumutladmsndnuiunans
(Fununisldansiadegauazdununisléonden)
wumsnslunguiiinisaauay nisfaea n1sun
T9N14INIMUNY N1SFRTenen NSAANAATUNIS
mgpmadadme gavineidunisdntenawaznis

Anvonan

'
o

sUuu 3 nquniiaunuiadunisuing

q

(@ununstdasiaduinaziuyunisidleaios)
wnwnsnslunguiliinisauandadsduau 5 Jade 9l
A8 e NMSAANE N1I1M1YeM1ednd g N5ty

a13tniin1seenaan MfnwAansay n1sldde
INI0INANTITY

N1TUSUITAUYULATHANDOURNUVBINGY
WnunsnsUanatteaunmdIwmal wudndidiuu
flufinnsudeade 5.41 l9denu s1A1978TUBE
AMANLATIUINYRIATLY tnynsnTaIulngaglyd
s vemndInfanatunaaniaeiisianneg
Tnowadelsas 48,286 U ablus1Afinnasdevis
WANAUIERINANEATNTAUNDAIAUNANY T89a911AD
ld78n15vsuuvneninsaLalilendiiante

ARAAARINULATY Jaitae (2021) MseaTbuAmnTA

LATNITVIBRUUIATIY @auAuAlEI18AuUNIT
daussnandosiels 809.83 Um AadsduyuNTlY
a15%nUIN15e8nAanAabsv1nU 2,079.20 UM
Fununnsldeiadedels 6,937.70 v Aunus
HARSIULRAEABLS 9.826.73 UM T18ldanKanan
\ndesiels 33,029.52 v ilsindesels 23,202.78
U Wgenndesiunuidevss Lumnoi et al. (2015)
finuinnwasnsdsieldainnisviedilelaie
27,660.50 Un#al éfuvlumimama?{wiali' 18,645
U Lilapiromkul et al. (2015) $7897UNNYATAT
fselgannealownasdels 64,063 U AUNUNTT
wansals 15880 U fnlsansiadedels 48,183
U1 Wag Kitsaranee (2013) $1891U3UAYATNT
fsgldanmsuenandsadesels 26,265.21 U
N15AUNIFULUUNITUTIITAUNUNITHER
alenunInieIsnsuuingudeya Mruadiu
ngudoya latadefamisaduunnguinunsnsle
agedaLau Ao Msldanstniinisesnmenuwaznisiy
{Jo fetuaosdsiiadufunuiiinansznundnues
ynnay eanansaduunls 3 JULUUNTUIISHUNY
Tunswdndiloanm sULuud 1 fe nguididuyu
Uaduniswangs Idnwugdununisidarstniing
oonmonLadsgaazsuunslieniogs UL 2
Ao nauiididunudadonisndnuiunans fdnwney
Fununslastminiseonaeniadsgauaziumu
nslétendedi JUuULT 3 Ae nuiidduyuiade
nsuandn fdnvaigduyunisldarsimihnseonaen
Wdesh uazdununslieindes 91nvs 3 3uuy
lianansouandldiiuiinisugnduiustuununis
wan fitududeyafiuiivgnisliaenndoady
U8V Lumnoi, et al. (2015); Srijariya et al. (2014);
Jaitae (2021) fftuiiviinisinumsiade 26.04, 15.79
uag 4.99 13 UuuUil 2 nquiifiduyuiladenisnan
Urunane Tanvagdununisldasiniinisesnaen

= v P a ¢ a ¢ o
LQﬁEJEj\'iLLagmuv‘!Uﬂq{LsﬁﬂqﬁJLaaﬁlmq WWﬂ’JLﬂﬁqg‘Wﬂ'ﬂj
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LAY 57,412.69 U1 AuaaInselalade
65,795.24 UM Wn@uNULaAIIL 8,382.55 UIW
(729.76+2,532.00+5,120.79) Fadioindunguilvi
flsgaan Tunsmuauadvesnauiiaeazauny
Tullady n1shiana n1sdnYenon N1SNIYoININNIS
dnd1mie luseAuaanin (Support 41091 0.8)
Hadeduieglusziugs (Support 11191 0.7) N3
Aaudanseay nsldde n1sldans aenndesiu
UITBves Saensuk et al. (2021) nuirselaain
nsveailegs Wesmninuasnsinananaloselsge
31NN15MN15AIUANAUAINIALITATFR LA YA
nsdinusishsdlondafiuionandn uazsUuuud 3
nguifiFunuiadonsuandt fanwauefununisly
ars¥niinseanmeniadnnasdununisldle
\doih nmsmuauifeiidmadefunuamuauiady
Tuseduiigaunn d1uauni 5 Jadvain 6 Uade
Usgnoulume n1sAana N15M1YeIM1IN1TImLNe
nsldanstniinisesnaen nstdde nNnsAIUAY
wardnmsdadeding o egnadunavilidumulungui
Animnngu aenndesiunyideves Lumna et al.
(2015) msdausisAsdle dnnsladonsnuagiond
N19AY wag Saensuk et al. (2021) Tder1un1a
syuvi Snsieaeisinermsludulddead
$aufutedunid nsfaudefsdlondafuifen
HANGH NIAALAS YOKE WAz Charoenkit et al. (2013)
nMsNeRUNIHandleasiauslunisdnnisaiu
e lailiAnd ymidununsdniigsiedududiag
uauiladonsnanludy fufimanens n1sdnnig
wlas upgmsguandanisifiuiien
n1stzUuuunsusmsaunualeaunm
TWlHUselovd (ddayalu Table 3) nsdil 1 mn
inwnsnsifiuiiugnlndifestunguitegnefithunise
Ao audlevuin 4-6 15 anunsadenuuuulums
Uimssuunisnangluuulalvimunvauiuaues

nindesnisanaunulvsilvnivquiadenig 9

Faguiuud 3 mndiesmsseldannsdvinedile
asgalimuauiadmnanmilousuuuud 2 Ao &
T¥anstnilunisesnaenuiinadigausdiinnisle
Jowindisndu usmalinuauiladeddey Ao nsld
Jouaznisldastniiniseenaenagyiliaumunis
wAngedaguuuudl 1 Feagulailddrfiuilugnidud
ANuduRusiunisauaudadenisnde vinlvly
aonndosfuuideues Lumnoi et al. (2015) Sl
M3nunslade 26.04 15 uagAununindniade
18,645 v vsels wa Srijariya et al. (2014) Tl
ymsnwasiade 15.79 15

n3dlil 2 manwasnsiaudesnisaele
31nn1s3miealegegalintuaudadeonisndn
wilougUnuudl 2 Ao nguiiddunuiledenisnan
Uunans (Fuyunisldansdniiniseenaeniadege
wazdununislieiadeni) naadedsldasdni

TumseenaenUSinaigundnianslddewinndndy

=

dosnnmssenmenuagmsfnuatuagiunslians
dnurniseanaenilundn uwaliadeidiunasuly
sURUUT 2 Ao n1smdesnianisindivting il
sUnuvlunguilfiviinamandniigauagyiniilsan
nswedleligadian lneiade 57,412.69 uwsels
widsliianunsaviseldadeldgaviifuanuide
Y94 Lilapiromkul et al (2015); Lumnai et al (2015);
Kitsaranee (2013) finuinnunsnsiisgldainuie
anly 64,063, 27,660.50 Wag 26,265.21 umnsalsnel
RHERET

nydl 3 leinunsnsdesnismuguilade
nswdniiioanduyunisndaliiian dosduiunis
pugUuuud 3 dudemuauiadeiinsenusiodumu
N1SNAR AB NTAAKNE N1TNIYBINIATINUIY N3
Ianstniiniseanaen n1sdnudensany n1sldde
fetladefinuaudumueautiofovdn Ae nisdans
lfanstniinisesnaan NISAAKAINTING N153ANTS

Y+

N5ty Feguuuudanatyilisunun1sHansILe

9 Y
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selalailFidusuuuuiingldgsiian iosansels
futuegiunseenmenuaznisinde dasedlddumu
lunisldarsdniinisesnnenluyTuiuiiuin
NWOANAIT @8AARBINUIUITEVBY Charoenkit,
et al. (2013) INWAINTAITAANUIAUNTINUHUNIS
nanaly n1sianisaau wavlirnudiAgiunis
AuANUaden1snan tou fufivianisineas n1s
fanisuuas wazn1squandenisiivifes dedy
WNEATNTANNNTAEBNFURUUUIMITAUNUNITHER
Iemuiadoniandniid uazanudeanisaiugy
ldanelumsndndailiaunsnsuszauanuduie

lunsuImsaununsHand lenunm
A3UNAN15IY

sULUUMSUIMSAUUASHERE le AauA I
YaIngununsnstiIwmal suatilud g1nensng
Ffadudnd wuhdisnuiiuiinisudands 5.41
ldioau fowaznsinusisisedssesuviniu 38.16
Yowaznisinneniadesedumiiiy 58.16 Alade
SewagnsAANafafy WU 50.53 AUNUAITAAKAS
Auadssdels wiidy 809.83 vm Anadesununsld
anstniinisesnmendals Wiy 2,079.20 Un
Fununslitondesiols wiidu 6,937.70 N Funu
n1swansiutaasnels Wity 9,826.73 um s1ela
NnHanARRABAe IRy 33,029.52 U flsiade
fals Wiy 23,202.78 U N1TIATIERTRYAAIY
wadawmilssteyalasldisnisudingudaya n1s
wUInguvetnuasnIltladesununisuingile
Ao niLiudaiavanlidne wansieseianse
wanguvesinumseanldidu 3 ngu Ae 1) nguidl
Aunuiafennings ddnwaugdununsidastn
nseannenadsgs (2,592.50 Umsels) uagdunu
nsldteiadoge (13,642.09 unsiels) 2) nquid

aunudadenisndnurunans danwazduyunisld
anstmiiniseonneniadegs (2,592 vinsels) uas
dFununslddendem (5,120.79 vin/ls) 3) nguits
unuiadonsndnsi f8nuaduyunisldansdni
nseanAoniadesi (1,897.5 vn/l3) wagsununs
T oadesii (5,250 vnsiols) :nnguuaanunsns
a3 Ny MamANNFURUS (Association) ¥4
toyaneslunngulagldimaianismnganuduius
Yaavaya (Association rule) ¢85 FP-growth @314
ngeuduiusnuI nauiisidunuiiadensndngsd
nsmuauiadedidnadeduyuiios nguiidfunu

Uadenisudnuunans dnsevauiadeluseduas

a [y a

NEIAUATITAAKNA NISARYDADN YBINIINITINNUNY
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Abstract

The purpose of this study was to investigate the success factors of small and medium
agricultural supplies entrepreneur in Udon Thani province. The relevant data was collected from 125
entrepreneurs. Exploratory factor analysis and multiple regression analysis were applied to investigate
the relationships between the entrepreneurs’ socioeconomic characteristics and succession
components. The results showed that 9 success factors were group using factor analysis including
marketing factor, business competitor factor, law and politic factor, entrepreneurship factor, internal
management factor, government policy factor, brave and determined factor, financial planning factor
and sale support factor. Multiple regression analysis results showed that gender, age, highest education,
initial investment and business experiences of entrepreneur were significantly impact the succession
components. The government should launch a variety of policies to support target entrepreneurs which

varies in socioeconomic characteristics and perceptions of success.

Keywords: success factors, factor analysis, small and medium enterprises
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Aus ﬂa%’aﬁﬁqgﬂﬁmum%alﬂu “Jadanisuinig

783N13818 (Sale support factor)”

Variables Success factors? Commu-

SucF; SucF, SucF; SucFs; SucFs SucFg SucF; SucFg SucF, nality

Promote products and services in 0.78 0.70

social media affecting to business

operation (V27)

Using new technology to support in 0.78 0.69

manage a business (V23)

Provide business sales target (V28) 0.63 0.66

Good division of work (V32) 0.56 0.64

Provide discounts and offers (V17) 0.56 0.55

Business located in a place that 0.80 0.69

customer can easy to access (V3)

Business gain a cost competiveness (V9) 0.70 0.73

Business set up a reasonable price of 0.67 0.63

products and services (V5)
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Table 1 (Continued)

Variables Success factors® Commu-

SucF; SucF, SucF; SucF, SucFs SucFg SucF; SucFg  SucF, nality

Give customers impression (V2) 0.63 0.55

Awareness and perceived of business 0.68 0.69
environment information affecting to

business operation (V19)

Changes in Thailand’s political 0.67 0.54
situation affecting to business

operation (V13)

Hazardous Substance Act affecting to 0.65 0.65

business operation (V26)

Changes in customer values (V20) 0.57 0.71

Q Shop policies affecting to business 0.52 0.72
operation (V30)

Thailand agricultural social structure 0.38 0.59

affecting to business operation (V14)

Agricultural knowledge is important to 0.79 0.67

manager in doing business (V7)

Personal experience in doing business 0.66 0.71
(va)
Human relationships skill is important 0.59 0.67

to manager in doing business (V1)

Managers always challenge 0.57 0.69
themselves to try new things (V18)

Creativities is important to manager in 0.50 0.69

doing business (V12)

Have a good procurement plan (V21) 0.77 0.74
Always aware of customer needs 0.66 0.65
(V15)

Have a management plan review and 0.52 0.68

development process (V22)

Always provide new products and 0.52 0.63

services to customer (V24)

SMEs promotion and development 0.75 0.71
policies affecting to business

operation (V29)
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Table 1 (Continued)
Variables Success factors? Commu-
SucF; SucF, SucF; SucF, SucFs SucFg SucF; SucFg SucF, nality
Cash crops promotion policies 0.68 0.68
affecting to business operation (V16)
Thailand 4.0 policies affecting to 0.43 0.59
business operation (V31)
Intention is important to manager in 0.79 0.71
doing business (V6)
Brave is important to manager in 0.69 0.66
doing business (V25)
Systematic thinking and management 0.69 0.75
skills of manager’s (V10)
Availability of business cash flow 0.58 0.67
(V1i1)
Have a good after-sales service (V8) 0.74 0.62
Eigenvalues 8.33 2.79 2.02 1.79 1.58 1.37 1.18 1.16 1.04
Percentage of total variance 10.26  9.76 9.18 7.94 7.90 6.58 6.21 4.63 3.98
Cumulative percentage of the 10.26  20.02 29.20 37.14 4504 5162 57.84 6246 66.44
variance explained
? Factor loading for an absolute values greater than 0.4 are in bold.
8
7
6
35
g
g,
]
3
2
1
0
0 5 10 15 20 25 30 35

Figure 1 The scree plot of success factors

Component Number
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Table 2 Multivariate regression coefficients of the success factors and socioeconomic characteristics

of the small and medium agricultural supplies entrepreneur?

Success factors Independent variables R?
Constant Gen Age Edu Inv Exp
Marketing (SucF;) 0.454 0.137 -0.018 0.008 8.27E-08  0.020 0.048
Business competitor (SucF,) 0.183 0.106 -0.006 -0.049 2.05E-08 0.002 0.007
Law and politic (SucF;) 0.217 -0.423**  -0.002 0.171 1.01E-07  -0.007 0.078*
Entrepreneurship (SucF,) 0.044 -0.165 0.001 -0.097 6.83E-08  0.001 0.013
Internal management (SucFs) 0.673 0.128 -0.024**  -0.114 1.34E-07*  0.025%* 0.083*
Government policy (SucFy) 0.411 0.125 -0.080 -0.223 1.27E-07  -0.012 0.060
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Table 2 (Continued)
Success factors Independent variables R?
Constant Gen Age Edu Inv Exp
Brave and determined (SucF,) 0.015 0.456***  -0.002  -0.520***  1.39E-07*  -0.005 0.1471%*
Financial planning (SucF) -0.326 -0.088 0.001 0.677***  -4.36E-08 0.011 0.114%*
Sale support (SucFo) -0.394 0.106 0.005 0.187 -3.09E-08 0.008 0.017
“variables and models significant at * = (p<0.10); ** = (p<0.05) and *** = (p<0.01)

aa a

Jadeauengddnswalunisauiutadenis

3

o w aa

Jan1snneluegrsiidudrAgnieada (p<0.05)

)

OR

aunsnesurgliinguszneunisiifiengesli
anuddgiudadenisdanisaeluinduileded
fﬁ’mummméhL%ﬁ]suaqﬁamﬁmnﬂdwﬁjﬂﬁzﬂaumi‘ﬁﬁ
01570 Tedienailonnngusznaumsiidiengtes
foduaugulnd dulaiwnnAamsinsuimsdnnis
meluiifuazivszannimudazaunsatevinli
Aansuszaumnuduiala
szaunIAnedidnsnalunvaudutady
AusTuLanddeaegreddedAgynieaia

a

(p<0.01) Fsaunsnesuneliin guszneunisid
anuieslauddyiudadoaiiugaiunay
ndndssinduthidedismunainudnsavesianis
mm'j']gﬂszﬂaumiﬁﬁmmiqq WAL IZTAUNITANY
H9nsnalunisuindudaden1sinannun1en198uy
a8 TiTuddnMneadA (p<0.01) Jeanunsaedueld
1 fuszneumsidanuigilinnuddnyiuade
msnanunansiuindutadeiidmunaudnse
vesRansunnindusznounsiidieuiios Vel
o1aiesnanguszneunsitinimities 1esiuin
nsasievinazsjaiuruimazarunsadagliianis
Uszaumnudiia daunndneanguszneunisid
AuFuniidesiuiinisAninsunuazinass
NINLINTNINTRUVBIAINITRE T Tz UL T8I
Aansuszauanuduialunmsaniiuau

IUIURUaMUSULINTBVENalun Ny
Jadunsdnnisnielu wazdaduanusgsdunaznan

o v a

\@esog1aiiiudAgyn19ads (p<0.10) Geosuielain

o

Aa o a

;:iﬂﬁgﬂaumiwummumuamuﬁmLLiﬂIuﬁaﬂWigjq
Tanuddiudadeiismuaeudidaii 2 Jade
Induiladedidnuaniudiiavesianisuinnin
QﬂszﬂauﬂﬁﬁﬁﬁwmuﬁuqmuﬁmLLiﬂluﬁaﬂﬂiﬁaa
WuAgIiuuszaunisallunisaniiugsnadansna
Tunnsuannutadenisdnnisnielusersiidedfy

a

N19adf (p<0.05) Faasureladingusznaunisnd

[ YY)

Uszaumsadlunisaiugsiaununuldanudifgyiv

17

I

Hademsdanmsaeluinduilidefiruunanudide
ZJ’mﬂ’j’]@:‘dixﬂ@Uﬂ’]iﬁﬁUi&ﬁaUﬂﬁaﬁuﬂﬁﬁﬂLﬁ‘u
g3fatios Wedloraidesuangusznounisfiing
auan wazdivszaunisallumsaiugsiaunuiu

%

goUIANUTBUABULALANUTLIATE I UNTAL DY
930989 Faduarlviauddydunisdanisangly

Aansegna U
aqﬂwamﬁﬁﬂu,az%'al,ﬁuaLl,uz

nsAnuiadefidinunnaudiisaues
dUuseneuni1sgsnadivuiedadenisndnnig
nsinuasvuIanaskazyunged Tufwmingnssiil
HAINMTAATIEMDIAUTENBUNUI @unsadangy
HadviitmuamnudiFavesiusznounsld 9 dade

164



Journal of Agri. Research & Extension 39(2): 155-166

laun Jadearunisnain Jadegsiauaseuds Jade
npszdlsunaznisidles Jadegusenauns Jadems
Fansnelu Jadeulovieniady Jadeaanuseiu
wazndndss Jadennsnaunumianisiiu wazade
suU3mIndsnisne uenaniidnuaemaasugia
uazdsnuvesiUsznaunsiianinatuiladeidmun
ANnudSvedsiitedRneans laun maldnsna
Tunmsauduladengseidounaznisiios usinadl
dnswalunsuandudadoanujsiunazndiides
agidvsnalunsauiutadenisdnnisaielu sedu
nsfnunfiansnalunisaufuadeannussiuuas
néddee udszdunsAnwaiiansnalunisuandu
Padun131unun1n18u Suruiuamuduusn
fvgnalumeuiniutadenisdanmsneglu uwazlady
Anusasiukaznddes uazUszaunisallunisaiiu
gsnaddnsnalumavindudadunisianisniely
MnnamsAnwaiuliiuszneunsid
aniAsugRaLardanNTiuaneeiy deuilimuesvie

[

Tianudrrgiudadenfivuaanudiavesianis

=l

uane1eiu Astduninaiasgnsednilduiieides

=~ v

ARan1sAuAulguELioYIeMaslUsenauns

[
v a

PIANANLALIUINSaLIMET Pssduntsdd

1) fimuaulovisninsgusedaddoy
\Avates mseenuuuulevigliiininunainvang
iiolinssfuanudesnisvesfusznaunisluusay
ngudavuneuleunged1adaiay unsnsans
Usglominisnaidu Wy nsann® Audeussnnds
ponidofiewfiossfrruinnaiuazvungen way
ngvsnendnUsziumnasiaiefisloniathiaunas
Fuyu Feeravsnzandviugusznounsiiiunu
sulviuaziinnusas

yaa

2) givuaulyuigataiguieynildu
Weades liarsuestudadenieduiningiuway
noAnsIUdINYARAvEIUTENOUNIT LU N15lH

anuiveiaundneninlunisuimsaunmeluves

Aan1slilivsednsnim uaznisasnsmnnuyaiulunis
ey iasduninsnmsiuiaulavazaiunsaidifs
HUsEnauNIsIRIANasias uIngaulanainvany

nasdmsng
nnfAnssuUsENIA

AIduv0vauANEUTENBUN1TEINIT MUY
JAT8NITNEANIINITINWATVIUINNATILALIUINL DY
luwmingassnil Alansunlideyaieldlunside

a Y a 2 o & & o v a o
wazkanUdsutafniumduuselovd vinlnanuide

L Ho = ! < A
Fuildsagarnduedad
LONEDN9D4

Bank of Thailand. 2018. SMEs and Thai
economy. [Online]. Available
https://www.bot.or.th/Thai/ResearchAnd
Publications/DoclLib /article28 06 12.pdf
(July 15, 2018). [in Thai]

Benzing, C., H.M. Chu and G. Callanan. 2005.

A regional comparison of the motivation
and problems of Vietnamese
entrepreneurs. Journal of
Development Entrepreneurship

10(1): 3-27.

Department of Agriculture. 2018. Statistics of
registered fertilizer store in Thailand.
[Online]. Available http://www.doa.go.th/
ard/?page id=312 (20 July 2018).

[in Thail

Hair, J.F., W.C. Black, B.J. Babin, R.E. Anderson
and R.L. Tatham. 2006. Multivariate
Data Analysis (6™ed.). NJ: Pearson
Prentice Hall. 897 p.

165



T5ANTIVYLATEUATUIVINITINYAT 39(2): 155-166

Nishantha, B. and K.P.J.M. Pathirana. 2014.
Motivation, perceived success factors
and problems of entrepreneurs:
evidence from a developing country in
Asia. International Journal of Process
Management and Benchmarking
4(3): 292-304.

Office of Agricultural Economics. 2018.
Agricultural statistics of Thailand.
[Online]. Available http://www.oae.go.
th/assets/portals/1/files/journal/2562/ye
arbook2561.pdf (July 15, 2018). [in Thail

Office of SMEs Promotion. 2018. SMEs
situation report. [Online]. Available
http://www.sme.go.th/upload/mod_dow
nload/download-20180912113024.pdf
(12 July 2018). [in Thail

Pholphirul, P. 2013. Roles of Thai small and
medium enterprises under creative
economy. NIDA Economic Review
7(1): 205-250. [in Thai]

Pinyo, T. 2018. Techniques for interpreting the
results of factor analysis in research
work. Panyapiwat Journal

10(Special Issue): 292-304. [in Thai]

Scrimgeour, F., A. McDermott, C. Saunders,
N. Shadbolt and G. Sheath. 2006.
New Zealand Agribusiness Success:
An Approach to Exploring the Role of
Strategy, Structure and Conduct on Firm
Performance. pp. 1-6. In New Zealand
Agricultural and Resource Economics
Society Conference 25-27 August 2006.
Nelson: New Zealand.

Songkramphu, J. and S. Aditto. 2015. Success
factors of small and medium
agribusiness enterprises (SMAEs) in Khon
Kaen province. Khon Kaen Agriculture
Journal 43(3): 525-534. [in Thai]

The Udon Thani Provincial Office of the
Comptroller General. 2018. GPP
of Udon Thani province. [Online].
Available https://www.ced.¢o.th/
cs/udn/Bottom_up.html
(15 July 2018). [in Thai]

Vanichbuncha, K. 2012. Using SPSS for
Windows for Data Analysis (10%ed.).
Bangkok: Chulalongkorn University Press.
520 p. [in Thail

Yamane, T. 1973. Statistics: An Introductory
Analysis (3%d.). New York: Harper & Row.
1130 p.

166



Journal of Agri. Research & Extension 39(2): 167-179

29AUsENaUNINIgILAUA N YNNI NNAsaANABINSEERUN AR UYL A
[WaN15d9eanYaLNEAsNS IUInNAWlavesUsewdAlne
Agricultural Standard Components Affecting the Extension Needs

of Pineapple Production for Export by Farmers in Northern Thailand

[

WU s3usaunse!” waudnd quiiay?

LAZIUAT VAUNDG?

Thurdpan Tummarattanapong!’, Chalermsak Toomhirun? and Jinda Khlibtong?
tdddnmuauiivuaz JanNsnuns NTUIYINSNYAT NFANNY 10900
ZUNYPANARUNNYAT A1VIYUNYATAMERSLAZaNNTA] NNINEIREELUVEETINEIIY UUNYS 11120
'Office of Agricultural Regulation, Department of Agriculture, Bangkok, Thailand 10900
2Agricultural Extension and Development, School of Agriculture and Cooperative
Sukhothai Thammathirat Open University, Nonthaburi, Thailand 11120

*Corresponding author: Thurdpan.tum@gmail.com

Received :November 23, 2020

Abstract Revised July 27, 2021
Accepted : November 01, 2021

The objectives of the study were; 1) to examine the basic attributes and production process of
pineapple farmers; 2) to analyze the components of agricultural standards extending pineapples
production for export; 3) to investigate the components of agricultural standard affecting the farmers’
needs of pineapple production for export. This mixed-method research employed an in-depth interviews for
qualitative data collection with 7 key informants who involved in pineapple production for export and
were selected by purposive sampling. In addition, questionnaire was administered to 660 pineapple
farmers for quantitative data collection. The data was analyzed by descriptive statistics, factor analysis
and multiple regression analysis.

It was found that most of pineapple famers were male with an average age of 45 years old. The
pineapple production, on average, deployed 6 workers with the average production budget of 26,076.97
Baht per year, and the average profit of 17,152 Baht per rai. The study examined the variables of
extension needs among farmers involving in pineapple production for export through in-depth
interviews with key informants which included 29 variables. The factor analysis was correlated to
minimize the variables and formulate the components of extension needs that consisted of 4
components of agricultural standard affecting the farmers’ needs of pineapple production for export;
i.e. 1) management of quality pineapple production for export; 2) sanitation and hygiene measures

during the of packing pineapple for export; 3) quality requirements and tolerance criteria for pineapple
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export; and 4) safe production of pineapple for export. The results may serve as a guideline for

promoting farmers to produce high quality pineapples, safe for consumers, pest-free, and standard

compliance with regulations of the destination country and export without being rejected for

importation by the destination country.
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(In-depth interview) Wusausiudeyadananin fu
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iensnandulzsanINLIAsgILAURLNYATLiTD
nsdseeniuinunInsugndulesa 91w 4 Jwmda
lwnniamilevesussmealne loslduuudunival
wuuillasaasne (Structured interview)

nsAATIEvitaya
miﬁﬂmamwﬁugmmaqmwmm@’ﬂqﬂ
dudegsa laun vne 818 sEAUNITANYILAY
Uszaunisadlunisugndudzse wazaninni1sngs
Usznaunag UJaduUdn nseUaun1suIen uae
nanan adunelagliaimdanssaun laun Asevay
LazANadY MIIATIZREIAUTENOUNINTTILALAN
NWAT 31NNITNUTOYATIUTUIUAIUAIINABINTS
AN IHANUULIAMLANASTILAUALNYAT ile
A9d998NYBUAYATAT AIUNITIATITRBIAUSENBY
Ingldanaiinsizviosnusenau (Factor analysis) i
sauaulsifiauduiussuulilussdusznau
Wenfu FsRarsanldanmduusyansanduiusves
fauusaladanlng +1 ude -1 wansindauusety
fanuduiusiuuinienisinlvedlussdadsenay
ey Womnfulsiieruduiususulsaudes
AITegAUATDIAYTENOY wazidleldosdusznouuda

gridunisnadeliduesrndsenauluiale

(Vanichbuncha, 2012) &N e UTENBY
TmifilfanAinesiesdusznousnasgiuduiinuns
Ffinaronudainisdnasunisuandulssnniy
1ASFILALAINEATIBNTAIENTEBNEATNS LAY

o3

lad@dnsneinnaosnvans (Multiple regression

analysis) wazldlusunsuadfdnsagulunisdie

JUin IA51e% wazwUanan1sivg
NaN15ILLAZ ATl

amwﬁugﬂwaeanmnséﬂgnﬁwm
HANI5ANYINUIN LNwRsNIEUgndulesa

dndlvey Sewaw 53.6 Duwemne Hengegluy 5160 U

Tneilengiade 45 ¥ aunisfnuisziudszoudne

waziluszaunisallunisugndudzsaaie 12 U

ANNNISHERYLNEAINSEUaNdUUL IR
NaN1SANYINUI1 AUl (Input)
wneasnsalngldussnulunisudndulzsnads
6 au TdGununsHEntade 26,076.97 vinsed
wagldfuteyarnansifsaiudulzsarudodsnm
soulatuinfignievas 67.7 #1unsEUIUNNS
(Process) wuinnunsnsasdulssadlssuAnussy
Wiy 1.2 dustends waziinnsudsguduizsniade 520
Alansusiodu AuNands (Output) WUIILAYATNS
Idnananduzsaade 857 Alandudels uazldmls

Tunsnandulssaasvindu 17,152 unsiols

N1531A512%09AUTZNBUNINTFINAUAINEAST
Mnuasnsdeenisidiunisdaaiudmiunisnda
Fulysailonisdeaen

Aideiudeyaidsnunimiunguilidoya
d1dqy (Key informants) 41u2u 7 au Laduys
unsguAudnwasiineadesfunsnandulsse
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uazdlorndudeita 29 faus RN A EHRGR
mensduwaliseudenslisunsduasuniy
11955 Iududnunuasdmiunsndndulzsaiiie
nsdseeniuinunsnsgugndulesalulunniamile

909UsEnAlNg 31UIU 660 AU BIN15IATIEA

99AUTENOULTIE1529 (Exploratory factor analysis)
ioansiuaudiuls Tnetfuussiuau 29 fauds
WANFUTLS Taesausaulsiidlauduiusiu
ifussrusenauiieniu (Table 1)

Table 1 Total variance explained of extension needs for export pineapple production with agricultural

standard of famers

Component Extraction sums of squared loadings
Total % of variance Cumulative (%)
1 9.232 31.834 31.834
2 5.856 20.193 52.027
3 4.800 16.553 68.580
4 3.011 10.381 78.961

KMO = 0.767; Bartlett's Test = 36089.230; df = 406; Sig. = 0.000

N53LATIEN0IAYTENBULINTFIUAUAT
AT ANWAsNIFBIN1sdLaduNISHERTUULSA
Wien1sdeeen wuA KMO (Kaiser-Meger—Olkin)
WU 0.767 F9411nn37 0.5 wanednfanysanu
u1Insgrududinensinimuduiusiud
(Vanichbuncha, 2012) waza1ndafs Bartlett’s test
of sphericity $afinsuanuastasuszanauuy Chi-
square test HA1LVIAYU 36089.230 way A Sig.
Wiy 0.000 Fetfeendn 0.05 wandlidiuin wesnd
anduiusvosiunnmsyuAuA NN T 29 s
fiauduiusiu dievinisatnesduseneudies
Principal component analysis wui1laesausznau
Wanua 4 eeAUsEnou Liiosandfidelewnu
(Eigenvalue) 11nn31 1 lnedArfideloinuegsening
3.011-9.232 WaZ@EIU1I085UIUAMNULYTUTIUVDY
aafUsznau e 4 1§%osay 78.961 Fauraziuys

umsgILAuAInYRsTneasnsEUandulzIade s
duasumsndndudzsaiionisdseen duwiliufiay
arunsndadaul e 29 #uvs iilvegly a
asAusznaulaesdUsEneunilsld (Table 1)

HAN15IAAILUTAIUNINTTIUAUANNYAT
flnuwnsnsfugndulzndeanisduaiunisuan
Futgsaitensdsenn $1uau 29 dauvs 1ildeglu
09kUsENOUTA 4 B3FUTENDU NEVEINTTILUNY
9IAUTENDULUULNRINGIETT Verimax wuilwsiag
29AUIENOUYTENOUAILAILYT TI1UIU 6-8 AINUS
Tnefifoladadelmilidenumneasnndos
AsouARuTIen1sRILUsluLdazesdUsznau i 4
pafUszney Ml

paAUsEnaufl 1 fe1 Eigenvalue winfy
9.232 (Table 1) LLa:ﬁﬁmf’mﬁﬂaqﬁﬂszﬂauasﬂjswd'm
0.853-0.934 (Table 2) Usenausae 8 Aauls fe
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X, : NM3IANINARFUUL IAALANIRTEIUNITE08N
X, : mytuindeyanissdndulssnyniuneu

X5 : Msann1sidasiaiilunismindnsdudzsn

Xq : m3damsifiuiiendudesalussosfimnzay
Xs : miﬂqﬂé’uﬂzwuuﬁuﬁﬁhjﬂuLﬁaumsmﬁ
X, - m3ldhazennlunswanduizsn

(Y <3 a [ ' ad
X7 ﬂ’]ﬁ%ﬂﬂ’]'ﬁLﬂULﬂEJ’JﬁUUSﬁG]@EJ’NQﬂ’Jﬁ

Xg : GNYULINIUNTIENNNTNEYATNYNADINY

NV

FauUsis 8 neldesdUsznaud 14
AuduTLEFuRunsTanswanduUEsn 3adaTe
03AUsENEUI “A1sdansnanduuzsanunintile
n13&409n”

Table 2 Rotated component matrix of agricultural standard factors for pineapple production,

export of components 1

Factors of Component

Agricultural Standard 1 2 3 4
X4 0.934 - 0.201 -
X, 0.932 - 0.228 0.111
X3 0917 - 0.132 0.145
Xq 0.904 - 0.220 0.114
Xs 0.891 - 0.159 -
Xe 0.886 - 0.166 0.165
X7 0.865 - 0.141 0.154
Xg 0.853 - 0.251 -

a9AUsEnaudl 2 fiA1 Eigenvalue winfy
5.856 (Table 1) LLaxﬁmﬁmﬁfﬂawﬁﬂixﬂauagswdw
0.873-0.966 (Table 3) Usgnausig 6 AuUs Ao
X : HIMINITAIUANNITHER ARUTIY hagn 15uUas
PUVANEVIAUA
Xy : fnualiiiiensdnaile feuh uwazdwes luday
UjuRau
X, : snpsmsdaoUsIANLSReIiugueuTaduyana
Xy,  iwsmsthasdnuiedesilonazgunsal
N3ARUsIRFUUEIAlazenn

X5 aaﬂquqﬂmmiuazLﬂ%qﬁamiﬁmmiﬁ;
Fulesalazernuazlasniy

X4 : 31050500 udR nazuandn Uy
l59AnUsIRdulese

o
LY o

gawUsne 6 nreldesnusenaud 21

ANNFURUS U UguIAUIakazguaulenITNEn

v

dulzsn F909T03AUTENOUN “U1ATNTTEUIRUIA

warguaudenIsAnuIIRdulEsaLiNanIsdsaan”
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Table 3 Rotated component matrix of agricultural standard factors for pineapple production,

export of components 2

Factors of Component
Agricultural Standard 1 2 3 4
Xo - 0.966 - -
X10 - 0.953 - -
Xi1 - 0.947 - -
X1z - 0.937 - -
Xi3 - 0.917 - -
Xia 0.122 0.873 0.145 -

29AUsZnaUN 3 A0 Eigenvalue tM1AU  Xyg : TomuuasuansUulouresdulssndsonn

Y o

4.800 (Table 4) uagilAiminasdusenausy sening X191 TOMNUARTUIUINVDINATU UL SAEI88N

0.739-0.883 (Table 4) Usznausie 7 fuus e Xy : TormuaFosn1sussquasiuveduly sndionn
X, ¢ dulgsasoslinuasiennAng
X5 : YoruuamuAnIndulrsadiean Faudsits 6 neldesdusenoud 3 4
X, - SormuadnasiraInedouTesdulLe AUFURUSAUAIUNITHAAAINNINTFIUFUULIA
deeon Juisdonsdusznouin “Fafvuadiugmninuas
X;7 : TOMUUARNTUENTNYANANNYBIE UL SAdIDN nasiranndaudmiuduzsndsaan”

Table 4 Rotated component matrix of agricultural standard factors for pineapple production,

export of components 3

Factors of Component
Agricultural Standard 1 2 3 4
Xis 0.287 - 0.883 -
Xi6 0.145 0.104 0.861 -
Xi7 0.334 - 0.846 -
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Table 4 (Continued)

Factors of Component
Agricultural Standard 1 2 3 4
X1 0.261 0.182 0.842 -
X9 - - 0.841 -
Xz 0.240 0.200 0.827 -
X 0.160 0.164 0.739 -

aaAUsZNaUd 4 §iA1 Eigenvalue Wiy
3011 (Table5) wardiAmiinasdusznouagsening
0.571-0.872 (Table 5) Usznousme 8 flUs o
Xgp : MIldIEeiugiuUrsABUMISNUgn
Xo5 : Mytasiuidndngdudrsalaglildansiad
Xoq : NM3UNFISNEdUUEInlnglyildansiadl
Xys : miLﬁaﬂﬁuﬁﬁhjﬁmiﬂwﬁaumsmﬁL‘ﬁaﬂqﬂ
dulzan
X, - TadloafiunsUudewivsdusmaediu 1h was

INA

X, : Msdestumsiuideuasiiivaziiuien

Xgg : mﬁﬁmﬁumﬂmﬁaumamﬁmmzé’ﬂmif\;
dulzsa

Xog : mstlasfumsduiouansieiivardsoondulzsn

Faudsie 8 n1eldesddsrnoudt 44

auduiusfusunsuanfieanulasasodmiu

HuSlnaTeateesAdsenoudn “A1sndndudesa

[

Uasanednsunisdeean”

Table 5 Rotated component matrix of agricultural standard factors for pineapple production,

export of components 4

Factors of Component
Agricultural Standard 1 2 3 4
X5 - - - 0.872
Xy3 0.138 - - 0.854
X2a - - - 0.849
X5 - - - 0.831
Xog 0.126 - - 0.800
Xy7 0.168 0.214 - 0.764
Xog - 0.108 0.179 0.722
X9 0.338 0.197 - 0.571
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(Standardized coefficients) ajulai1 asdusznay
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(Table 6)
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Table 6 An analysis of agricultural standard components affecting the extension of pineapple

production for export of farmers

Agricultural standard

Coefficients

components Extension needs of pineapple farmers
b Beta t Sig.
X, 0.259 0.404 9.574 0.000**
X5 0.265 0.339 8.078 0.000**
X3 0.131 0.297 13.942 0.000**
Xq 0.150 0.317 15.047 0.000**
Constant 1.381 8.821 0.000**
R® = 0.848 Adj.R’ = 0.718  Sig. = 0.000**

**statistically significant level at 0.01
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The purposes of this research were; 1) to study the farmers’ contexts and develop the
farmers’ life skill and happiness indicators; 2) to assess the farmers’ life skill and happiness
indicators; and 3) to develop the extension model for enhancing the farmers’ life skills and
happiness. In this research and development, the literature was systematically reviewed on the
related concepts, theories, and research in Thai and international studies in order to develop the
indicators and the models for enhancing the farmers’ life skills and happiness. Then the drafted
indicators and models were evaluated on completeness and correctness by 15 participants who
were farmer representatives and experts in agriculture in Chiang Mai. Purposive sampling was used
to select the sample participants. The research instruments included an assessment form with the
index of item objective congruence at 0.702, an interview, with the index of item objective
congruence at 0.869, and a focus group. The results showed that there were 10 suitable indicators
in total for the farmers’ life skills and happiness. The life skills indicators consisted of 39 variables
in 3 areas: occupation, group operation and network connection, and learning. Meanwhile, the
happiness indicators consisted of 26 variables in 7 aspects: physical happiness, mental happiness,
happiness in knowledge seeking, happiness in having a good job, happiness with income and
being debt-free, happiness in a good family, and happiness in society. In the extension of the

model, the agricultural scholars, knowledgeable people, and model farmers implemented the
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model through education about the correct life skills and happiness development through online

media channels such as mobile phones, LINE, and Facebook as well as offline media such as

talks, training sessions, and meetings. These activities will benefit farmers, agricultural extension

officers, and related agencies.
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Table 1 Synthesis of the concepts and theories relating to the farmers’ life skill indicators

Main indicators Indicators for consideration

Used indicators Reference concepts / Theories

1. Occupational skills - Material/raw material

1.1 Production skills procurement

- Product distribution
management

- Logistics management

- Production planning

- Purchase decision behaviors

- Evaluation

- Financing

- Analytical thinking

- Decision-making

- Problem-solving

- Product maintenance

- Use of technology

- Creative thinking

- Awareness

- Product processing

- Production of quality
products

- Differentiation

- Production according to

market demand

8 used indicators

- Skills in production resource
management (soil, water, genetics)

- Skills in planning production

- Skills in finding sources of

production fund

Suharitdumrong (2016)
Sorat (2007)

Samehjai (2014)

National Science and
Technology Development
Agency (2019)

- Skills in maintaining plant and
animal production

- Skills in using production
technology

- Skills in processing products

- Skills in producing products
with standard and quality

- Skills in producing agricultural
products according to market

demand
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Table 1 (Continued)

Main indicators Indicators for consideration Used indicators Reference concepts / Theories
1.2 Marketing skills - Technology (T) 5 used indicators Kheawwan (2011)
- Economy (E) - Skills in marketing planning Kotler et al. (2017)
- Natural resources and - Skills in product development
environment (Resources: R) - Skills in prices
- Moral (M) - Skills in marketing management
- Social (S) - Skills in sales promotion
- Product
- Price

- Product distribution (Place)
- Sales promotion
- Product development

- Marketing planning

2. Skills in group - Sufficiency economy 10 used indicators Herminia and Morten (2018)
operation and philosophy with 3 interlocking - Skills in group planning Kanchanawasi (2017)
network connection components and 2 conditions - Skills in doing group activities Charoenwongsak (2002)

- Royal policy of King Rama 10 - Skills in group coordination

in 4 aspects - Skills in solving group problems
- Aggregation of group - Skills in working together with
members to do activities other people
- Coordination - Skills in group communication
- Planning - Skills in following up and
- Problem-solving evaluating group performance
- Cooperation - Skills in connecting network
- Communication with farmers in a community
- Network connection - Skills in connecting network with
- Participation farmers outside a community
- Evaluation - Skills in connecting farmer

network with agencies

3. Learning skills - Teaching about knowledge 7 used indicators Phimonrattanakan (2013)
of information - Skills in knowledge identification Maitawthong (2020)
- Knowledge and understanding - Skills in knowledge /
construction information acquisition
- Knowledge identification - Skills in knowledge connection
- Knowledge acquisition and knowledge creation
- Knowledge connection and - Skills in knowledge sharing
knowledge creation (learning for communication)
- Knowledge sharing - Skills in knowledge exchange,
- Knowledge exchange, expansion and transfer
expansion and transfer - Skills in knowledge application
- Knowledge application and and expansion
expansion - Skills in learning evaluation

- Learning evaluation

1) The selected indicators are relevant to agriculture; 2) The unselected indicators are irrelevant to agriculture.
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Table 2 Synthesis of the concepts and theories relating to the farmer’s happiness indicators

Main indicators Indicators for consideration Used indicators Reference concepts / Theories
1. Physical happiness - Physical body (happy body) 6 used indicators Phramaha Suthit Apakaro (2017)
- Kindness (happy heart) - Happiness in good physical
- Moderate practice (happy health
relaxation) - Happiness in consumption
- Brain development (happy of all useful food groups
brain) - Happiness in consumption
- Family happiness (happy of safe food
family) - Happiness in consumption
- Debt-free (happy money) of herbal food
- Happiness in good - Happiness in enough physical
Family (happy family) relaxation
- Social happiness - Happiness in agricultural
- Religion and moral (happy exercise
soul)

- Happiness from society

(happy society)

2. Mental Happiness - Basic needs such as food, 4 used indicators Phramaha Suthit Apakaro (2017)
water, clothes, and residence - Happiness in occupational
- Safety needs pride
- Love and belongingness needs - Happiness in mental
- Self-esteem needs relaxation from agricultural
- Self-actualization needs occupation

- Happiness in nature and
peaceful mind
- Happiness in living according

to sufficiency economy way

3. Happiness in - Good health (happy body) 3 used indicators Office of the Health Promotion
knowledge seeking - Kindness (happy heart) - Happiness in agricultural Fund (2020)
- Relaxation (happy relaxation) knowledge and information
- Knowledge seeking (happy - Happiness in knowledge
brain) exchange with other people
- Moral (happy soul) - Happiness in using knowledge
- Suitable money spending for continuous self-
(happy money) development

- Good family (happy family)
- Good society (happy society)
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Table 2 (Continued)

Main Indicators

Indicators for Consideration

Used Indicators

Reference Concepts /

Theories

4. Happiness in good
job

Environment, mental, moderate
practice, and development of
knowledge, religion, morality,

economy, family and society

3 used indicators

- Happiness in agricultural
occupation

- Happiness in agricultural
progress

- Happiness in stability of

agricultural occupation

Phramaha Suthit Apakaro (2017)

5. Income and debt-

free

- Good health (happy body)

- Kindness (happy heart)

- Relaxation (happy relaxation)

- Knowledge seeking (happy
brain)

- Moral (happy soul)

- Suitable money spending
(happy money)

- Good family (happy family)

- Good society (happy society)

4 used indicators

- Happiness in good
productivity

- Happiness in good income for
supporting oneself and family

- Happiness in debt-free

- Happiness in income-expense

management

Phramaha Suthit Apakaro (2017)
Office of the Health Promotion
Fund (2020)

6. Happiness in good
family

- Good health (happy body)

- Kindness (happy heart)

- Relaxation (happy relaxation)

- Knowledge seeking (happy
brain)

- Moral (happy soul)

- Suitable money spending
(happy money)

- Good family (happy family)

- Good society (happy society)

3 used indicators

- Happiness in living closely
with descendants

- Happiness in descendants’
agricultural occupation

- Happiness in transfer of
knowledge and experience

to descendants

Phramaha Suthit Apakaro (2017)
Office of the Health Promotion
Fund (2020)

7. Happiness in good

society

- Good health (happy body)

- Kindness (happy heart)

- Relaxation (happy relaxation)

- Knowledge seeking (happy
brain)

- Moral (happy soul)

- Suitable money spending
(happy money)

- Good family (happy family)

- Good society (happy society)

3 used indicators

- Happiness in development of
people in agricultural
occupation

- Happiness in living together
with people in agricultural
society

- Happiness in being accepted
and admired by people in the
same occupation and in the

society

Kitkisusathit et al. (2012)
Office of the Health Promotion
Fund (2020)

1) The selected indicators are relevant to agriculture; 2) The unselected indicators are irrelevant to agriculture.
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188



Journal of Agri. Research & Extension 39(2): 180-196

NAN1UTEUAEIATINETN wazAIUFYVRY
NEAINTIMINTe el

HANTIATIANIUAIUYNABIUALATULIUYDI

Y [

fa7dn Inenslduuuysslunasnsaunuinguiu

NAUFUIUINYATNTLATANTIAMATLAITINYAT UL

v
Y A

15 A agunalagil
ATINTINYL TN
1. vinwgruMIUsENaUIAN
1) inwen1snan nqudleg1suseiiiuii
maianndilumuil asnsadanldnuld Ineddia

1 o 1

finquiiogs¥esay 100 fauAaLiiuitaiuisa
anldauld taun (1) inwrlunisdnnisninelns
Weniswdn: fu i Wugnssu (2) inwelunsg
Naunulunsuanfimzay (3) NYEAIUNITOUA
Shwinmsudafigwavdnila (4) dnuelunisudssy
wawdn (5) inwelumsnanduidifinaninunsgiu
waz (6) inuwrlun1sndndua1m1nIsnensnseiv
AnudeInIsvesnanld druditinfingudiagig
diulvg Janudaiuinaiuisodunldnuls laun
(1) vinwzlunisldimaluladnisndn Sruoudiinnuiu
Tldnulasevay 86 uar (2) vinwelunismunasyu

vaa <

Tunsuan IuuanassiuInlsnulasesay 71

Y

2) FiNweNNINaIn NANFAIBE19UTEIEUN

aiannatusullanuisatanldauld Ineddia

a

nquiledneiosay 100 TAuAALIUINEIN19D
dnunldaula Taun (1) Aneelunisinununisnain
(2) inwelunsifisgadisandn (3) inwelunisne
FIAEUAT (4) n¥eN159NT1TAITRaNa (5) inue
Fvinenandanienisineasnisdessulals (6)
ﬁﬂwﬁamiﬁ’wﬁuﬁm wag (7) vinwelunnsg
Usvanduiusauduazduasunisee dausidied
nqudtegedulng ianudndiuinaunsodiunld

Al Anlusesay 86 loun inwerasisgamues

NANAAN1INTNYATI DARAAGUTIN19NTAN LS
warinwelunsmvuakazAosesIAFUM

2. Anwea1unITAduIUNguLaENIg
Fouloaedetng nguiaegadesay 100 Usziduin
st ¥ayniluduiiaansathandanld

3. finweruNsSeu;

Y 1 '

1) finwemsuwemnu3nauitegsalng

|
a @ v o a @ 1 o Ju o v &
ARLlUSREAaY 86 llﬂ']']llﬂ@Lﬁuqujsﬁjﬂwﬂmaﬁluﬂ’]uu

anunsathunlgaule

2) Wn¥EN1TUaNMIANNS/aTauINeA

[
v A

nauiaegsUsEfiud Mdtanniludiuianunse
ihunldauld TnesdTndingusednefosay 100 &
anuAaiuIansatuldnuld de inwelunis
Aunudgmiaunisinensuaili i UsuUs
uAlaliATy dausdTafindusogsdlug Andu
Sovaz 86 UmnuAaiudnannsaduldaule loun
vinwrlunsiFeuifnuideyatniansiad uasinuely
mMsuaamanufifeaiunsinuasludeseulals

3) inwrluniswenlesarnuiuavaing

[
a ! v A

23AAN3 nausegeUsHiuI i davnadlusuil

v
1w '

annsaanldauld Tnefiinfinguioisosas
100 fipudAaiuingruisadnanldaula lawn
(1) nwrlunsidenlesfuaniunisaivieaudy 9
figesninduedned (2) inuglunisideulesdu
aounsaivenudy q iidesnsduesned wae (3)
Wnwelunisueaiuanuisidendenlossening
Auduaziinue/nasuaunsidludonduivey
fiiertesiae drusdiafinguiedisdilg An
Jufewaz 86 SeuAnmiuitaunsaiunldaula
fio vinugluSeuimadenloanietieiunain

4) inwensuaniufsuiseuiiiededans

¥
v Ao

naufeE9TaEay 100 Usedludn fadinnndiluniuil

anunsatunlgaule

189



MIAIFIVULATAUFTUIVINITINEAS 39(2): 180-196

5) Minwelun1shanUasu Y818Na Wae

d1glauninus nauddedeiesay 100 Usziiudn

%

marianndluiutannsatanldauld
6) vinwrlun1suszenduazsiesanndug

1 o 1 ! 1 a <) k4 IS a 3 '
naudegseulvy Andusevar 71 darwuAndiuii

v
Y

a v LY ¥ d’/ o v v
friannailusuianunsatunldauls

7) finwen1sUseliunanisiseus nquy
Tegrediulng Andusesay 86 fauAaiuI

[
% (%

maianniiluiutanunsadiunldaula

o s

AYINANGY
naudegUseidiudi drdannaalusuil
anusadunldaula aunsaasunanisuseidiu

lusinudoy Ml
1. AnugIn1enIg ngudiegsdulvg Ae

v v
Y =

< b = a =4 ! v Ao ¥
WuSovaz 86 § ANNAALIULI ATTannaluauil

q

anunsatuntdaule

2. Anugun1ele nqusediediulng An
) ~ a 2 1 o Jo o =1
Judesar 86 3 auAnLiiudl dadanndilusud

q

anansoanldaule
3. Anugulun1smAug nausiegeTenay

100 Usziliudn drianndlluaiudaiunsaiiun
Tganuld

' % 1

4. auguluni1snung ngudieg1eesar

9
1% v
v A = o

100 Usgiiud faddayndalusiud arunsatiunld
nula

5. awauiidnandai seliuazuaoanil
nduiegsfesay 100 Usuidiuin dat Tamnsalududl
ansathanldanule

% 1 !

6. AUAINATEUATIA Nauieg1adulng

9

v [

a & v ~ a & & o -1
AnluTosas 86 1 AnwWAAWiLIY My ndalusinuil
aunsarhunlgaule

7. anuavludenufngudiegiediulug An
2 v ~ A & 1 o Ho o 1
Juevay 86 dauamiuin sudanndludiui
aunsathunldanule

Wall aunsaasunauseilluwuuidinuay
NSAUNUINGUAEINUTNYETTALALAUAVVDY
NEATNTIAI NqUFIetEMTIAMdlLazinYAINT 1
ANNARLTIUARUSERUAT IR lRAIl 588 100 91N
NANNSELATITINAIINAITNUNIWIUITETNEITD9

v
VLQJQJ ISP o 0%

PR F1uUTINUA 10 F2379 TneTwunidu

1% [
o

FTINTINEEAIN 3 AU TIUIUNINUA 39 AIUUS
wagf IR 7§ Sruauienun 26 dauds
ezt inluvhnsussfiufuinensnsiionsiu
aounisal JguiAerfuinueiinuasanuguues
LNYATATUAZATUUALUIN IR UILNEATNT WAL
WaufT infidenndesfuinunsnsluusazusun

wazkfazInnIsuansaly

190



Journal of Agri. Research & Extension 39(2): 180-196

Table 3 Summary of the comparison between farmers’ life skill indicators and farmers’ happiness

indicators from the documentary study and the expert evaluation

Indicators from the related literature

Indicators from the primary

development

Indicators summarized from the

expert evaluation

Agricultural Land Reform Office (2018)
divides the indicators into 7 categories;
education, agricultural production, food,
health, agricultural products,

participation, and happiness level

Office of Agricultural Economics (2019)
divides the farmers’ wellbeing indicators
into 5 aspects; economy, sanitation,

education, society, and environment.

Nguyen et al. (2020) set the evaluation
framework and predictors of quality of
life in 3 main factors; study of standards,
livelihood, and the number of family
members; and 2 supporting factors;
amount of money saving and health

conditions

1. Farmers’ life skill indicators
1.1 Occupation; production,
marketing, product development,
prices, marketing management,

and sales promotion

1. Farmers’ life skill indicators
1.1 Occupation: production and

marketing

1.2 Group management and network

creation

1.2 Group management and network

creation

1.3 Learning; self-study, knowledge
seeking, knowledge connection
(knowledge creation), knowledge
sharing, knowledge exchange and
expansion (learning for
communication), knowledge
transfer (social contribution),
knowledge application (extension),

and learning evaluation

1.3 Learning; knowledge
identification;
knowledge/information
acquisition; knowledge
connection and knowledge
creation; knowledge exchange for
communication; knowledge
exchange, expansion, and transfer;
knowledge application and

extension, and learning evaluation

2. Farmers’ happiness indicators

2.1 Happiness in knowledge seeking

2.2 Happiness in good job
(production)

2.3 Happiness in good productivity,
income, and debt-free

2.4 Physical happiness

2.5 Mental happiness

2.6 Happiness in good family

2.7 Happiness in good society

2. Farmers’ happiness indicators

2.1 Physical happiness

2.2 Mental happiness

2.3 Happiness in knowledge seeking

2.4 Happiness in good job

2.5 Happiness in good productivity,
income, and debt-free

2.6 Happiness in family

2.7 Happiness in society
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