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Properties of Paddy Soils Affected by Algal Bloom or Unsuitable Irrigation Water
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Abstract

In this study, the chemical properties of two paddy soils located in a Central Region were determined.
The goal was to better understand why abnormal rice growth occurred in this Thai region and to find possible
practical solutions to tackle this problem for next rice production crop cycles. A blooming of algae prohibited rice
growth and tilling in the first field, which was located in Hun Kha district, Chai Nat province. In the second field,
located in Sao Hai district, Saraburi province, poor germination and growth of rice occurred during the drought
season every year, especially in areas where numerous white particles can be found on the soil surface.
Soil samples from the first field were collected to measure soil pH, EC, OM, total-N, total and Mehlich lll-extractable
concentrations of P, K, Ca, Mg, Cu, Zn, Mn, and Fe. Soil samples from the second field as well as a water sample
from it, or its irrigation canal, were collected to determine pH, EC, total and water soluble concentrations of Na, K,
Ca, Mg, and Fe. Results showed that the chemical properties of soils were favorable for algae growth in the first
field, i.e. high pH (above 7), EC lower than 1.2 dS/m, high amount of OM (>5%), N (ammonium form), Mehlich-Il|
extractable P and Fe contents. In the second field, soil pH ranged from 4.11 to 6.35, while ECs and SAR were lower

than 2 and 13 dS/m, respectively. Therefore, it could not be considered as a salt-affected soil. High amounts of
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Na (990 mg/L) and Ca (1,129 mg/L) were found in the water collected from the irrigation canal. The EC and total
dissolved solids in this water was up to 7.35 dS/m and 3,558 mg/L, respectively. Thus, the water from this canal was
considered as unsuitable to irrigate agriculture fields and could be a main cause of abnormal rice growth

in the second field.

Keywords: paddy soil, algae in paddy soil, eutrophication, salt water, saline soil
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Figure 1 Pictures from a local farmer in Hun Kha district, Chai Nat province, showing the algal blooming

phenomenon in the paddy soil and its impact on rice growth.
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Figure 2 White-particles observed during a drought season on the surface of paddy soils in Sao Hai district,
Saraburi province.
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Figure 4 White-particles on soil surface, soil, and water samplings in the second studied paddy field at Sao Hai

district, Saraburi province.
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Table 1 Chemical properties of the four soil samples collected from the first paddy field.

NTATNBATNIZAANINAN 2564 : 39 (1):1-10

EC N (Test kit) P (mg/kg) K (mg/kg)
Soil sample pH %OM "
(dS/m) NH, NO, Total Extract. Total Extract.
1 7.08 117 5.09 Very high ND 39.50+2.90 16.92+1.50 1589+116 0.87+0.10
2 7.04 1.07 5.34 High ND 44.09+6.10 14.84+4.40 1202459 0.53+0.00
3 7.29 0.86 5.72 Very high ND 43.17+2.90 26.38+1.82 1359+178 1.2840.20
4 8.13 0.50 5.79 High ND 57.34+2.10 17.04+1.00 1699+15 2.42+0.40
Ca (mg/kg) Mg (mg/kg) Mn (mg/kg) Cu (mg/kg) Fe (mg/kg)
Soil sample
Total Extract. Total Extract. Total Extract. Total Extract. Total Extract.
1 22134259 23.64+6.10 1898+121 8.44+1.40 162+7.60 0.67+0.00 14.50+0.00 0.15+0.00 14,949+846 191431
2 2080+67 22.43+1.00 1718+89 6.93+2.60 160+5.00 0.61+0.00 14.50+0.00 0.12+0.00 14,981+966 69+5.40
3 19934223 20.65+1.30 1948+229 5.56+1.00 148+23.10 0.47+0.00 16.17+2.90 0.21+0.00 15,381+2,532 131423
4 6319481 55.91+9.20 2395+38 12.4+2.00 1078+62.50 3.38+0.40 21.17+2.90 0.23+0.00 25,756+1,654 14349.20

The sign ND means not detected.
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Figure 5 Diagram showing possible sources of soluble salts in soil and water samplings and their impacts on
rice growth during drought (dry) and rainy seasons in the second paddy field at Sao Hai district,

Saraburi province.
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Aultlasdi 2 AnaglugaRuYinGe (Tha Rua series: Tr) (Khaokaew et al., 2017) LL@W@m‘Lummmmﬂmﬂumm
Nriau mmummmwmlmﬂummmmmfa\mmﬂ’]imivxlﬁﬁmuumium’]wmLf-m Immummummﬂmmﬂum
snanmsiinadifusnspassiunznewindes ndeduseaianeazastungiaaundantut Tngleeeud
@‘Vmﬂmﬂmmm@m‘kumﬂluqmLL@NLummnuﬂuﬂ@mu@wm FeuBauifiauiugasn gy Tannslesauiidlu
luggiemAnduduinnndingeu Sanwnansguinainaseslidafinuanssnu@eautiudn AIANNAFIUUAAS
wWhauisylunan (Figure 5) Sﬁwfn‘wmu’lummﬂu@mwmf;%\mma‘zymuimslmmmLm:rmmﬂuq@a@wqu@.ﬂ]u

Table 2 Chemical properties of the five soil samples collected from the second paddy field.

pH EC (dS/m) K (mg/kg)
Sall ECe "
y AR Water
sample 1:1 1:5 1:1 1:5 (EC 1:5x9.5) Total
Soluble
1 4.59 4.95 0.42 0.15 1.4 514 1952+148 8.31+0.06
2 4.1 4.51 0.82 0.20 1.9 7.77 20204227 6.41+1.66
3 4.88 5.02 0.61 017 1.6 6.88 1759+136 7.70+0.29
4 4.21 4.46 0.60 0.20 1.9 7.76 2614+127 6.72+0.54
5 6.35 6.65 0.67 0.18 1.7 496 1709+48 12.29+1.37
Na (mg/kg) a (mg/kg) Mg (mg/kg) Fe (mg/kg)
Sall
Water Water Water Water
sample Total Total Total Total

Soluble Soluble Soluble Soluble

1 304+16 97+5 64+7 39+1 1490493 9.25+0.30 4,408+804 ND

2 396+15 152+14 41420 47+5 1473+121 6.85+0.09  3,042+250 ND

3 326+13 136+13 51+24 4143 1481+188 10.98+0.20 4,717+674 ND

4 411429 166+1 7446 53+1 1730+583 10.30+0.97 3,200+583 ND

5 422+14 145+22 290+49 96+22 1923+450 20.61+4.98 2,425+282 ND

"Tha Rua series (Tr), soil texture: clay loam (Khaokaew et al., 2017).

9.5 (Agricultural Bureau of South Australia Inc., n.d.).
2/ Na*

SAR= ——
V Ca™ + Mg™
2

The sign ND means not detected.

Table 3 Chemical properties of water samples collected in the second paddy field and irrigation canal used by

local farmers during drought seasons.

EC TDS? Water soluble (mg/L)
Water sample pH SAR"
(dS/m) (mg/L) Na K Ca Mg
Paddy field 6.68 4.40 4.19 435 87 3.2 50 5.4
Irrigation canal 7.18 10.13 7.35 3,558 990 13.5 1,129 194

1/ Na*
SAR =

2

“Total Dissolved Solids (TDS), TDS mg/L = 640*ECw (dS/m) (Chavez, 2008).
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Abstract

The objective of this research was to study the effects of Na-bentonite on the chemical properties of
fishpond base acid sulfate soil. The study was conducted in the Ongkharak soil series (Ok) at Tamai subdistrict,
Rachasan district, Chachoengsao province. Soil samples were collected at a soil depth of 40-130 cm from the soil
surface to determine soil properties before starting the experiment. Twelve fishponds with the dimensions of width
x length x depth of 3x3x1.5 m°® were used in the research. The experiment was of randomized complete block design
(RCBD), with 4 treatments and 3 replications. The treatments were 1) control (T1), 2) Na-bentonite 440 g : soil 1,000 g
(T2-BT), 3) dolomite 10 g : soil 1,000 g (T3-DL) and 4) a half of T2 and T3 (T4-BT+DL). The collection of soil samples
at the fishpond bases was performed in weeks 1, 2, 6, and 12 after feeding. The results revealed that T2-BT
produced the highest soil pH at week 12 with a value of 6.32. Conversely, T1 produced the lowest soil pH with
values of 3.55, 3.34, 3.92, and 4.17 at 1, 2, 6, and 12 weeks after feeding, respectively. However, the electrical
conductivity (EC 1:5) for all treatments was not significantly different and tended to decrease with time. With respect

to the soil chemical properties of fishpond base after fish harvesting (week 12), it was found that whereas T2 had
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the significantly highest exchangeable Na, Ca, Mg and K (13.63, 11.26, 21.67 and 0.87 cmol_ kg'j, respectively),
and included were SAR (31.15), and ESP (39.58%), it also had the significantly lowest extractable Al (2.33 cmol, kg’*)
and Al saturation (0.05%). T1, in contrast, had the significantly highest extractable Al (1,293.05 cmol, kg™') and Al
saturation (49.79%). Therefore, the use of Na-Bentonite can improve the chemical properties of fishpond base acid
sulfate soil by raising soil pH, reducing soil acidity, and aluminum toxicity, but may cause an increase in the Na

content of the soil.

Keywords: acid sulfate soil, sodium bentonite, lime requirement, fish pond base
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Table 1 Chemical properties of sodium bentonite and dolomite.

Chemical properties Na-bentonite Dolomite
pH (1:10 H,0) 9.54 8.85
EC (1:5) (dSm™) 0.82 0.85
Exch Ca (cmol_kg") 1.68 1.71
Exch Mg (cmol, kg™) 2.17 0.10
Exch K (cmol_kg™) 0.52 0.001
Exch Na (cmol, kg™ 3.60 0.31
CEC (cmol_kg™) 71.20 2.00
CCE (%) 19.24 100.21
ESP (%) 6,983 10
SAR 287 0.32
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Table 2 Soil properties of Ongkharak soil series before the experiment.

Soil properties Value Interpretation
Soil texture Silty clay -

pH (1:1 H,0) 3.05 Ultra acid
EC (1:5H,0) (dSm™) 1.25 -
Organic carbon (%) 5.29 Very high
LR (kg CaCO, rai”) 2,198 -
Exch. Ca (cmol, kg™ 1.68 Very low
Exch. Mg (cmol, kg™ 2.17 Moderate
Exch. K (cmol_kg™) 0.52 Moderate
Exch. Na (cmol, kg™ 3.60 Very high
EA (cmol,_ kg™ 49 Very high
CEC (cmol, kg™) 35.50 Very high
Extr. Fe (cmol, kg’1) 0.36 Low
Extr. Al (cmol_kg™) 34.47 High

% Al saturation (%) 81.22 -
SAR 9.20 Saline soil

ESP (%) 10.15 None to slight
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Soil pH (1:1 H,0) EC (1:5 H,0)

dS m?

O R N W A UI O N ®

Week 0 Week 1 Week 2 Week 6 Week 12 Week 0 Week 1 Week 2 Week 6 Week 12
OT1[Control] @T2[BT] ®T3[DL] MT4[BT1+DL]

(a) (b)
Figure 1 Soil pH (1:1 H,0) (a) and electrical conductivity (EC 1:5 H,0) (b) of the fish pond bases soils during

the experiment. The values with the same letter above the bars are not significantly different at 5% level by
DMRT.

Sunauuaruanidasuls (exchangeable bases)
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L‘]_ILWI’BVL‘L!M LLZ\]“’I@IZ\]VLNWﬁ\mq%mﬂuﬂﬁdﬂumuﬂﬁ‘mLLZ\]')‘V]ﬂMWLANWL’ﬂ“ﬁZN’IM Lufamwvammmumummu wazag/luseal
Funzay fdealiuraBauazaiteanuinuniu (Weil and Brady, 2017) Lmvmmmimﬂummmumm
”Luumi‘lmmﬂiuﬂmmuuﬂ?mm‘l}mﬂwLL@mLﬂ@ﬂuimﬂuivmwmmﬂLﬂjuﬂu Lummﬂfamwmmmmmummmﬂu
mumm@uwunmmmmﬂummaﬂ (van Breemen, 1993; Dent and Pons, 1995; Pant and Reddy, 2001) a1 liwu
FunalnpentasuuniidasfivandasulalBunainanldan

) = = P [y a o o ol ! a P

douBunainmadennuandasulaaesfundanimeass (AU 12) wudnUSunainunad@ennuan-

o

wasuldues T2-BT uaz T3-DL HAgegaiilanfsauniieuiy T1 etefitadAnyneada Tnadawindy 0.87 waz 0.80

wuRluasenlaniu mua1ay wildians1seenedauiy T4-BT+DL ARAWINTL 0.74 wiudinasenlansu uaslu T1
ﬁmﬁ@mﬁ'm IneiiAwingy 0.59 wuRluasenlansy (Figure 2d)

mﬂmmﬂmﬂmmuwmmq I mm‘lmmuuﬂ?mm‘lﬁwmesnwmmmﬂ@mimmmqummu e Beniey
ﬂumuﬂ@uwm@m LummmmmwL@mmmummwu LL@y‘ﬂﬁllu?vaV]Lmﬁv@m@\‘i?ﬁ\‘iN@ImWLLVl@LGHEm@u@’]El@@ﬂN’W
qumrmu (Weil and Brady, 2017)
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Figure 2 Exchangeable bases of the fish pond base soils after fish harvested (week12). The values with the same

letter above the bars are not significantly different at 5% level by DMRT.
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ansrdunsaadulaifan  (SAR) snsdanaslafanuanilasuls  (ESP) uwazAnisunlnwaas

asazanefiainanaufianiasaeii (ECe)

nsldtmResume s Talalust wastmenumelusEaniulalalus lunsusuanmanitutedeaan
deuasie SAR uaz ESP uandld Figure 3a uaz 3b wudn T2-BT fAgugnileiSauiiuuiusmiumaaesauesine]
edn Aty eana InalA1indu 39.58 uaz 31.15 wafidusl muatal €1msl T4-BT+DL JAn9asasun InadaAwiniy
28.27 U 18.93 wWafifus Audnsu waz T3-DL Senliuansneiuneadinnu T1 ilesann ESP fningaiuuaziin
wnnanenay 15 Ynensunimaaes anadena liidunulsanls

melalmisuumeluifeethadeadaaliniul SAR flangege desannindeumelusiansszney
Tnpsnaglulnssadaaasian Lﬁlﬂqﬂmmﬁqmm@‘lﬁﬁﬂ?‘mmiﬁnLﬁﬂugﬂﬂ@mﬂ@i@m@ﬂmmnim@mﬁ%‘u@ﬁm WA
fidpdnumnnninuaadunuazunniideainld SAR fldrge ilesaindn SAR °u'a<1auﬁm’mﬁuﬁuﬁﬁuﬁmmwm
wasleaautiiasing o luszuudu Ineenizlnfen waaien wazunntddan (nyae Usswgfossy, 2528) Fafumsd
Auilen SAR gefiaempdesiuliunatnifanfiuaniaeuldiedldgedas ﬂmmiwmummmummhLmﬂummmﬂ@ﬂﬂm
snninunadenuazusniideniuanilaeuld fazdaald SAR uay ESP Q\ruu SleiSeuifieuiuAiinsziasiiu
AAUNINARD

nsldtmiasiunelus Talalus warlodasuunelusEauulntalus Tunisfuanmauiutedean
Liflasiann ECe AuANANNTUNNIATA (Figure 3c) agnalsfimu T2-BT ﬁm@;aqmﬁ'mﬂ?ﬂmﬁﬁuﬁu T1, T3-DL waz
T4-BT+DL laeiflAnniy 5.79, 3.32, 4.66 uax 3.85 Wnddluudsaiuns Auaisw

nslddasuiyeauaiianing 1 lidwarern ECe saiasanauiRreshudaauiien ECe Aaudraguvite
ApuAULEAN Lﬁ@qmﬂawqﬁwmﬁu@ﬁmqﬁuﬁﬁLﬁmLﬂuﬁumzﬂﬂuﬁmmmmﬂﬂuﬁﬁﬂé@ﬂ (van Breemen, 1993; Dent and
Pons, 1995; Pant and Reddy, 2001) aaienaaiugesiu siavesiewsss sziininlimu WazNANITNT BN EElAaE
(Szabolcs, 1989; Gupta and Abrol, 1990)
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Figure 3 SAR, ESP and ECe of the fish pond base soils after fish harvested (week12). The values with the same

letter above the bars are not significantly different at 5% level by DMRT.
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ﬂ%ﬂu‘iLL@ﬂLﬂgﬁluLLﬂﬂﬂﬂﬂu (CEC) wazBanunsafianals (EA)

A1 CEC uae An EA 1asauluusiazsiunmanesunstignmauiueimeslan nudnlsiflanuunnsnaio
N NADA (Figure 4a) atislsfimu T2-BT HA494n (34.66 Liumluasianlaniu) dleufeuieuiy T1, T3-DL uay
T4-BT+DL lagilAnwindu 24.30, 2590 war 26.46 Lrufluasenlaniy miuansu ﬁm@ﬂlui:ﬁuﬁqqﬁqqqmn
naldlnAemiunelus daalddn CEC assdugeiy wesnnlndemuunelud sadussumilenlunguawmning
(smectite group) Fafhuusiumiendssnm 21 Usznaudaauiugant 2w Usenuituiuesgiu 1 Wi (2:1
type clay) LeinlAsA AR IHURFa Wi UfuSiA T 921 A HANAINNID N9E AUATENEFIE
ffuiawnzge  Tnadszaauluiifnreswsmumilzsananmgeduunnleeeuldifinnnty - doulussuaaunuiin
CEC oglusyaviga Lﬁmmnﬁ@gmmmmﬁumﬁmmeﬂ?mmﬁuw?m“mq@ﬁ (Table 2) Imﬁu@@jﬁmﬁmmmmmm‘
PUIADUNIATDIADARDEIS uazusTiuneAsznay (Tisdale et al., 1993; Bayer et al., 2001; Weil and Brady, 2017)
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Figure 4 CEC and EA of the fish pond base soils after fish harvested (week12). The values with the same letter

above the bars are not significantly different at 5% level by DMRT.

mslimAe el Wlalus wastnAemmmeluandulalalus lunnslfuanmaniuyeidealan
LifuarenisinlsBunnnsefiuaniaeulduansnsmiesna (Figure 4b) atinalsfinnu T1 fiBunaunaafuanidssld
499qn (28.33 Lrumluasianianiy) HenBeufeuiusiunaaesa Lummﬂm?mmzﬁwalmvmumwmmwmwu
FaunaNannsIannn AN LT T sneulugnniiaudai slnendluRuiinAfiesanasin WA A i

q

e

>

muzgq'%u fesenndesiuauifaaes Patrick and Wyatt (1964) uas Yamane (1985) Lﬁmmﬂﬁmmmnﬁwmﬂiz&;
Flansanlasleasy (OH) wxdnldlussuy fmmma“lﬁﬂ?mmmmﬁLL@ﬂLﬂ?ﬂlﬂuiaﬁ”@m@QMWuiﬂﬁQfJ atinglanm1ungld
FanUsulanuatinsing <) daalsiBunnunsafiuaniasuldssauiiodaufuAunieunimmaaes iesannseduAfien
ﬁqummmmmﬂmmmﬂi‘uﬂmmuummmmidumm “iunnailunsn gaualiBunansafiuann aevuldana
WBanaunaniianale (extractable Fe)

sl lmassuunalus Wlalus waslmdeuunalusdaniulalalus Tunstiuan nfuiudeiaselan

D

N

lidenasiotFunouvanianaldlua (Figure 5a) Rt i nnsefiadald TenBunumaniataldlum
BN &R UL B N TR I AU TIss A UANNAN 52-145 uR iR TIeeALaeaSp (1.67 \uRlNa
sanlanin) (F3anwnl wanewda, 2559) asnelsfinnu T1 ﬁLLm‘Eﬁmmiﬁuﬂmmzﬁﬂﬁmﬁ”miﬁqqﬁa;m (1.41 Humlua
sanlaniu) Lﬁ@ﬁfaﬂimwﬂ?mmmﬁﬂﬁ@ﬁ’miﬁﬁﬂuﬁummm’mmizﬁummLﬁ’u%’ummmﬁlmmiﬁm (Davidescu and
Davidescu, 1982; Bennett, 1993) wudnat/lusyitinesnaiailuissian FannauiBnmanunAul avdana
TumnadenliAnnnuiflufusednfinld Dent (1986) $1297U31 TFiasuitieTm (<pH 4.0) azfinar lflsunnuman
laaai (Fe*) Fadulesauuaranstlsznauifianudufsdedndin wu M4 darnems ponsiduiimannuanineani
ﬁmﬂ?@ﬁm%ﬁmﬁﬂ”l.@@@ulumm:mﬂﬁu@ﬁmn ﬁmmﬁﬂ‘ﬁLﬁm?ﬁ?uluﬁuuﬁ?ﬂﬁmLﬂummazﬁ’wﬁmiuﬂﬂiﬁu54ﬂﬁi@m1°ﬁ’
weanaia asanaareiannazneuiumanluasazaisiu taadaiduansdsznaumaniaguma %q@mﬁmﬂﬁaq
YDILT AT Mdﬁ“‘ﬂﬂ%‘ﬁﬁﬂﬂﬂmmﬂ?ﬂlﬂuﬂit'ﬂ (Ponnamperuma and Solivas, 1981)
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Figure 5 Extractable Fe and Al and Al saturation of the fish pond base soils after fish harvested (week12). The values

with the same letter above the bars are not significantly different at 5% level by DMRT.

ﬂ'%mzumgﬁﬁ'uﬁaﬁ'm"lﬁ(extractable Al) Lm:é'mﬁ'?aﬂazmwﬁluﬁ"a@xgﬁﬂ'x (Al saturation)

naldtmisnumelud Wlals uazlndemuueluaniulataludlunnlfuanmauiue deaan
danasiariunuezglifiaieldluu (Figure 5b) wudn T1 SAnguamednaiitbdifyfenmeada Tnafamiiy 14.37
wuiTuasienlandy ieusuifieufusiunaaesiu Tae T2-8T, T3-DL uaz T4-BT+DL fidwwiniu 0.03, 0.33 uay
0.34 wruiluasenlanin nuadsL ﬂ?émm@zqﬁﬁu%ﬁmiﬁ@ﬂmzﬁqum esanniuifiegsann Audunsn
s lfergliuanansnazansuazuannszanseglunuldluliinnmn (@u @adiusunl, 2550; van Breemen,
1976; Dent and Pons, 1995; Fanning, 2006; Kawahigashi et al., 2012) Wiagaasauduiadandnlunisasuaugiluay
meazanerasazgiiiluiu leenanyluguesezg i lansenlsfitearaiiidamn Svavananmnazae I luauia
faasndn 4.5 TnatFuezgiduiiaialdies 2-3 wuRTuasenlansy azdauasenisasoyiulnresiieldvansin
(Keser et al., 1977)

nslddantiudseiuaiingg < zﬁ'\amaiﬁﬁuﬁﬂ?mmmqﬁﬁﬂummxmﬂﬁuﬁﬂ'mmﬁ;wm {esannsesuen
WLmjﬁw@ﬁi@ﬂ?uwmazqﬁﬂuﬁfaﬁummmwau Lﬁ@ﬁwﬁmmmﬁmﬁmqqﬁu mmzmwmm@@:Qﬁﬂu'ffm@mﬁ'ﬁm
Fadauiuaiinmnsiesiuteunimanes wudndtiinmeseimiainldluiuanmas wazlumsuitliildsan
Usinlge msdaidaaliszdudfeniingidu idesaninisuansaselszq flansenlodleseudindnluszuy
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%wzvl,ni@mmLmzﬁm:mmﬂ@uﬁdw (fJx‘lE!‘Vlﬁ T@@ﬂ'&ﬂﬁ, 2552; Wallance and Anderson, 1984; Lenoble et al., 1996;
Tahara et al., 2008) mﬂﬁiﬁmmmqﬁﬁumnLﬁuvl,ﬂ%ziqmiumﬁaﬂﬁnﬁmmmLﬂuﬁwﬁiaﬁm’ﬁﬁ Dent (1986)
FeUINTissFU I TAaLT] A i Bunuergiitlanlaaan (A% saflilaeeunazanstlsznaufinanudufiusednd
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aﬂﬂqﬁﬁﬂdﬁﬁméqmmﬁﬁ TnadAwiniy 49.79, 0.05, 1.01 uaz 0.90 Wafidius muasu (Figure 5¢) HaganAdaaiy
ﬂ?mmm@ﬁmﬁmﬁmiﬁ uenanil  awnsaihdnfenaranudnfezgiduan iy dunuiduReaes

a

azgiilen  (aluminium toxicity) IaadnAulidnsifesazacnansnesgiiingindiamnuquanilasuiaslasau

o I3

srAnsuaazdnalunsdanliiinauidunesedndin gy A9 Uainens (311dunad

g WRATUWY, 2539; Kamprath,
1984; Landon, 1991)
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Physicochemical Characteristics of Bio-Calcium Powder from Tuna Bones by Extraction Methods
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Abstract

Tuna bone is a by-product of tuna processing, which is a growth industry that has attracted more
manufacturers that produce canned tuna products. The objective of this research was to study the extraction of
bio-calcium powder from tuna bone using the alkaline method. This method is an effective technique to get rid of
organic substances from the bone. This method produces a decrease in the quantity of protein and fat in extracted
bio-calcium powder, and a corresponding increase in the amount of ash. One positive effect of the reduction in fat
content is lower susceptibility to oxidative rancidity and thus shelf life extension. The bio-calcium powders are white
in color and without any undesirable fishy odor. In this study, bio-calcium powder was extracted from tuna bone via
the following four methods: the alkaline (AK) method, the heat-treated alkaline (HAK) method, the heat-treated
alkaline with fat removal and bleaching supplementary method (HAK-FB), and the alkaline with fat removal
supplementary (AK-F) method. The results showed that bio-calcium powder from tuna bone was rich in calcium
(18.74%-21.45%) and phosphorus (9.46%-10.28%). The proximate and LAB color results of the bio-calcium powder
indicated that the AK-F method obtained a higher protein (29.94%), lower fat (0.84%), lower b* value (12.48%) and
lower b* value than did the HAK-FB method (P<0.05). Besides, this method produced bio-calcium powder of

satisfactory physicochemical characteristics. Furthermore, the powder performed well in sensory evaluations.

Keywords: fishbone, physical characteristics, chemical characteristics, bio-calcium, extraction
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1. Alkaline method. 2. Heattreated alkaline method

Tuna bone 500 g.

2 L

Soaked in 0.8% NaOH 2,500 ml. for 2 hr.

Tuna bone 500 g.

Soaked in 2% NaOH 1,500 ml. at 50°C for 30

G min. stired every 10 min.

Dried using a combi oven (Rational, SCC G

WE 61) at 50°C for 12 hr. Washed in 1% HCI and distilled water

A A

Ground using a cutter mixer (Mainca, CM-14)
for 3 min. to obtain particle sizes of

approximately 3-4 mm.

Dried using a combi oven (Rational, SCC

WE 61)at 50°C for 12 hr.

2o

L

Grinded using a flour milling machine

N

Sieved using a sieve 70 pm mesh

Ground using a cutter mixer (Mainca, CM-14)
for 3 min. to obtain particle sizes of

approximately 3-4 mm.

Figure 1 Flow chart of each extraction method.

A

Grinded using a fliour milling machine

N

Sieved using a sieve 70 um mesh
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3. Heat-treated alkaline with fat removal and bleaching supplementary method 4. Alkaline with fat removal supplementary method
Soaked in 10volumes of 2.5% (vi) NaClO for Dried using a combi oven (Rational, SCC
Tuna bone 500 g. Tuna bone 500 g.
30 min. WE 61) at 50°C for 2 hr. invert every 30 min
Soaked in 2M NaOH 5,000 ml. at 50°C for 30 Soaked in 10 volumes of 2.5% (uv) hydrogen | Soaked in 0.8% NaOH 2,500 ml. for 2 hr. ‘ ‘ Grinded using a flour milling machine
min. peroxide for 60 min. G G
@ @ Dried using a combi oven (Rational, SCC
N Sieved using a sieve 70 pm mesh
Clean with water | | Washed with running water for 5 min | WE 61) at 50°C for 12 hr.
Dried using a combi oven (Rational, SCC Dried using a combi oven (Rational, SCC Ground using a cutter mixer (Mainca, CM-14)
WE 61) at50°C for 12 hr. WE 61)at 50°C for 2 hr. invert every 30 min for 3 min. fo obtain particle sizes of
@ G approximately 3-4 mm

o

Soaked in 99% hexane using a

Ground using a cutter mixer (Mainca, CM-14)

for 3 min. to obtain particle sizes of Grinded using a flour milling machine

s: le/solvent ratio of 1:10 {(wh/) at 25°C and
approximately 3-4 mm sample/sohvent ratio o (wh) at 25°C an

@ G continuously stirred for 60 min.

Stand at room temperature until dried and

Soaked in 99% hexane using a

sample/solvent ratio of 1:10 fwA) at 25°C and Sieved using a sieve 70 pm mesh

free of hexane odor

continuously sirred for 60 min

254

Stand at room temperature until dried and

free of hexane odor.

Figure 1 (continued).
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AK: alkaline method.

HAK: heat-treated alkaline method.

HAK-FB: heat-treated alkaline with fat removal and bleaching supplementary method.
AK-F: alkaline with fat removal supplementary method.

a-c Means within a row with different superscripts are significantly different (P<0.05).

Figure 2 The percentage of yield each extraction method.
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WunszununadsunuBanlasiuying 0.68% uay 0.84% muaau detadnisunaslasiuiipsvinldanslszney
waanagasiantunsanylulfunuiles  aniadetaalingluleuradanaininedainunliinauandadunaun
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Table 1 Chemical composition of each extraction method tuna bones.

Chemical composition AK HAK HAK-FB AK-F

Moisture (%) 10.35+0.18¢c 10.38+0.24c 8.04+0.44b 7.21+£0.26a
Protein (%) 24.74+0.79a 23.73x1.17a 25.09+0.22a 29.94+0.91b
Fat (%) 4.75£1.12b 4.16+0.85b 0.68+0.49a 0.84+0.55a
Ash (%) 53.10+£1.38a 54.07+0.21ab 60.21+0.16c 55.36+0.30b
Calcium (%) 19.32+0.46a 19.20+0.16a 21.45+0.05b 18.74+0.04a
Phosphorus (%) 9.93+0.24ab 9.68+0.05a 10.28+0.36b 9.46+0.24a
Mole ratio of Ca/P 1.95 1.98 2.09 1.98

AK: alkaline method.

HAK: heat-treated alkaline method.

HAK-FB: heat-treated alkaline with fat removal and bleaching supplementary method.
AK-F: alkaline with fat removal supplementary method.

a-c Means within a row with different superscripts are significantly different (P<0.05).
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AK HAK HAK-FB AKF

AK: alkaline method.

HAK: heat-treated alkaline method.

HAK-FB: heat-treated alkaline with fat removal and bleaching supplementary method.
AK-F: alkaline with fat removal supplementary method.

Figure 3 The Appearance of fishbone powder of each extraction method.

Table 2 Color and water activity values of each extraction method tuna bones.

Chemical composition AK HAK HAK-FB AK-F
Color
L* 66.52+1.99a 66.97+2.38a 88.96+0.22¢c 80.03+0.08b
ar 8.67+0.89c 7.47+0.72b -0.24£0.30a -0.33£0.04a
b* 35.22+1.28¢ 34.67+0.82c 16.03+0.50b 12.4840.07a
Water Activity, a,, 0.5824+0.01d 0.5416+0.01c 0.4067+0.01b 0.3626+0.02a

AK: alkaline method.

HAK: heat-treated alkaline method.

HAK-FB: heat-treated alkaline with fat removal and bleaching supplementary method.
AK-F: alkaline with fat removal supplementary method.

a-d Means within a row with different superscripts are significantly different (P<0.05).
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In Vitro Propagation of Dendrobium scabrilingue Linld.
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Abstract

Dendrobium scabrilingue Lindl. is a species of wild orchid that is found in the northern part of Thailand.
However, its numbers in the wild are rapidly decreasing. This study focuses on in vitro propagation of Dendrobium
scabrilingue Lindl. Seeds were treated with Vacin and Went medium (VW) for 9 weeks to induce protocorms.
They were then cultured on VW liquid medium supplemented with 6-benzyladenine (BA) at 1, 2, and 3 ml/L for
6 weeks to produce protocorm-like bodies (PLBs). The results showed that the highest number of PLBs (12.4 PLBs
per protocorm) formed on VW medium supplemented with 2 mg/L BA. The PLBs were then cultured on VW liquid
medium supplemented with 1, 2, and 3% sucrose. After 6 weeks of culturing, the most productive result was found
to be VW with 1% sucrose medium, which produced a ratio of shoots per explant of 1.68, a shoot length of 1.18 cm,
and a leaf number of 1.85. The seedlings were cultured on VW medium supplemented with organic additives,
namely coconut water, potato mash, tomato juice, banana mash and a mix of these substances. After culturing for
12 weeks, it was found that seedlings cultured on VW medium supplemented with potato mash has the highest
growth characteristics at 11.36 shoots per explant and with a length of 0.81 cm. In order to produce mature
seedlings, the orchids were transferred to a different VW medium containing mashed potato and activated charcoal
and cultivated for a further 17 weeks. Finally, three different planting materials were chosen to test the survival,
growth and development of seedlings after being transferred to greenhouse for 4 weeks. The results indicated that

the highest percentage of survival (87%) was obtained when sphagnum moss was used as the planting material.

Keywords: in vitro propagation, D. scabrilingue Lindl, organic additive
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ffn BA 2 Sadnsurednmiduuniiruniluilsineediladueaselldes I ﬁﬁlq@:Lﬂuﬂ?:‘iﬂmﬂﬁi@mmﬂwﬁuf
derlildnnmnn viehll i lunsusulpoiugdewaslaeitausely wazdiulddinsld BA Tulun
mﬂLﬁuiﬂqummmwi@mm?mLﬁuimmemiLﬂ?}lﬂuLLﬂ@qmaﬁumuﬁm uazdanliaiuan PLBs amad (Sagaya
and Divakar, 2015)

Table 1 Effect of BA concentration on protocorm-like bodies induction of D. scabrilingue Lindl protocorm after

cultured for 6 weeks.

Media PLBs no. Length (cm) Shoot no. Leave no.

VW (control) 11.2+1.20° 0.62+0.11 1.28+0.23% 0.92+0.18%°
VW + BA1 mg/L 10.0£0.00% 0.69+0.09 1.67+0.26° 1.61+0.33°

VW + BA 2 mg/L 12.4%1.03" 0.34+0.13 0.00+0.00° 0.00+0.00"

VW + BA 3 mg/L 7.241.71° 0.67+0.62 0.06+0.04" 1.00+0.63%
F-test * ns o *

CV (%) 6.80 13.64 21.42 24.32

* = significantly difference at 0.05, ** = Significantly difference at 0.01, ns = non significantly difference.
Means within a column with a no common superscripts are significantly difference.

Figure 1 Effect of BA concentration on protocorm-like bodies induction of D. scabrilingue Lindl protocorm after
cultured for 6 weeks. (1) VW, (2) VW + 1 mg/L BA, (3) VW + 2 mg/L BA and (4) VW + 3 mg/L BA.
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memmm\ﬂuﬁimﬁu (Arditti and Pridgeon, 2013) Luﬂ'Lﬁ'ﬂsﬁmmLﬁu"ﬁwmﬁwm@ﬁqmﬁu%ﬁﬁL'Wﬂzﬁ%ﬁﬂﬁ
mm’?mﬁuimmmmemmmﬁuﬂz\mm@?mLﬁ‘u‘ﬂmylﬁ vagfdanaliiannsazanutslunaelsnanginn sausain
nsadraienlas ribulose bisphosphate carboxylase 11l ld4n (Arditt, 2008) Lﬂumiﬁm?@m%uma*’u'aurf?ﬁmﬁﬂﬁ
snndaunnmziianadlldan v lFludanadnasarlufianundratesss (Hdider and Dejardins, 1994) @anAaa4
AASeT0e Fana weadante wazinwla a1nJa3nd (2550) ﬁ"l.rﬁﬁﬂmmmmﬁ'}m@ﬁgimmﬁi@ﬂmﬂ?mLﬁuimm:
AnsaireinlugnnvaaauiareandasliAuunsdaanain IngldiaesTisinaefrlafoRannamIs L AnLLeImNg
Anulasgns CMU1 ﬁLﬁuﬂjﬁm@ngma 0,1, 2, 3, 5 uaz 7 wWedidus Tnanudrensidisinaa 1 wesidusdoalis

v U a a =3 U v 1 dl d’j dld ¥ ¥ 901 Ql dg/
mu@@umaﬂ;muimLmeim\a@@ﬂmﬂﬂu LTINTIFAUBABUN L@ENSLWBWWW?VIQJF]’J']NL?IN?JH?I@QMWE]’]@LWNQ\?“BH

Table 2 Effect of sucrose concentration on plantlet induction of D. scabrilingue Lindl after cultured for 6 weeks.

Shoot Shoot no. Leave no. Roots no.

Media Plantlet number PLBs no.
length (cm) /plantlet /plantlet /plantlet

VW + sucrose 1% 12.90+0.90° 2.1+0.06° 1.18+0.11 1.68+0.12 1.85+0.14 0.14+0.07
VW + sucrose 2% 9.78+0.24° 0.4+0.01° 0.93+0.04 1.30+0.07 1.91+0.14 0.24+0.07
VW + sucrose 3% 10.30+0.39° 0.5£0.02°  0.94%0.10 143+0.16  2.28+0.29  0.31+0.10
F-test o * ns ns ns ns
CV (%) 20.30 25.53 31.18 27.77 32.41 19.31

** = Significantly difference at 0.01, ns = non significantly difference.
Means within a column with a no common superscripts are significantly difference.

Figure 2 Effect of sucrose concentration on plantlet induction of D. scabrilingue Lindl after cultured for 6 weeks.
(1) VW + sucrose 1%, (2) VW + sucrose 2% and (3) VW + sucrose 3%.
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pnadn dauens VW isndasusdnissuiiansundudignndan fdedou auelugl $8d@u luen
{RTen (Table 3 way Figure 3) LANINAARIAINANEEAARBRLINNIANET8Y Kunakhonnuruk et al. (2018) A
2IUNIGAT VW mmuuuﬂmmlmnmfﬂum (Epipactis flava) umimmmuimmﬂwm uaznNNIANTee Hadau lusa
WAANTEN BAlAaTy Wieuven (2557) wwm’mm VW mLmuuummmmlm@mmmmmmmwmLLavmimm
mﬂq‘l‘umnmﬁm usdagunnaItyIeeIn ladas fulfatandadiunnssen namstyiiuinaaindaeld uazdaaaing
AT auss AL aUIANTY (Arditt, 2008) i lusTurl KsiiTwaATu (polyamine) uay biosynthetic enzyme eilkaste
mm‘%cyumﬁmuwma“ﬂmaL@Wﬂt@ﬂﬁqéqﬁ LARaNILNNIATIaAAEN (nucleic acid) M lhnansuLmaawuylunda
(mitosis) luileienniu (3¥mnd qeiwuslae, 2529; Kaur-Sawhney et al., 1980) u@ﬂmﬂﬁﬁqwudqmm@@.m VW
MRurhazdeme AUATNNN9ATYTBNRDALATIIN AR ABARAREITLINIITIENUIEY B17REN TEAT LATITINT0S gEany
(2560) WudnlueMIIgRs VW ARunuzdema 150 faRanIreans vhliAnNEInuaTsLaLluTeeiusay
ﬂ:La"ﬂ:é@uﬂﬁnLﬂmﬁnfmﬁmﬁﬂuﬁummiqm VW RiRtianingau 150 Aaaansseans wazndaevanun 150 niu
siaams inslurademalidounansesinniu Wy Fandud Fandue 3miud lulBinuge wazwsavaneia
Wiy Twunades W@@W@éﬁ”@ wHnTEes s (Arditti, 2008) Lﬁ@ﬁmmmﬁud@uﬁiﬁmnmimﬂ%ﬁyﬂﬂuammmi
mmmmaﬂiwn@mummm 5 gm9 wummuﬂﬂummmL@mmwmmmmuimhmw Favhuftenistniin A muludui
anysnl mmmu@faumL@muummummm VW iRl 7laildrednuilunan 9 dlans Tdanunduiiuduse
uigellfisn A mmamu@ﬂumL@muummﬂmqm VW Aiinsiuslsuasnainuiusiug 2 niusedns seanidunan
8 dimif ﬁw‘iﬂﬁlﬁ’fﬁuﬁ@uﬁmmymﬂumié’qm@ﬂﬂ@ﬂm'@”l,ﬂ (Figure 4) aatnufinsiusinldanusidan lfaauiie
mvmmumaﬂqumwmﬁmﬂmaﬂummq 7 wu arstszneunaniiuan mummimuﬂuma‘mmmu‘lﬁmm@
s lueTNIIEIREITeLEe (Pan and van Staden, 1998) Anansadnvin LA ﬂ?’]ﬂLLZ\]vi"WﬂﬂJﬂ’]?L%‘ﬂJLMUTMWH‘L&
(N3 Aay, 2557) sadstasinEnacuiilunsasneaesaivnslaililasuuaclunnin wenanniaadiuiims
TupvnasstaeiinnisssinganAluevnsldaTudae (uaen tuss uasTioa wids, 2557)

Table 3 Effect of organic additive media on plantlet growth of D. scabrilingue Lindl after cultured for 12 weeks.

Types of organic Shoot Root
additive media Shoot no. length (cm) Leave no. Roots no. length (cm)
VW + coconut 3.03+0.54" 0.73+0.07° 2.6140.31° 1.44+0.42° 0.13+0.04°
VW + potato mash 11.36+3.14° 0.81+0.07° 7.87+2.09° 5.76+0.42° 0.36+0.05"
VW + tomato juice 10.25+4.04° 0.85+0.09" 6.18+1.34% 6.55+1.09" 0.53+0.05°
VW + banana mash 2.82+0.34" 1.10+0.07° 3.02+0.49" 6.13+0.65" 0.49+0.05°
VW + mix 6.86+1.32% 0.89+0.07% 4.56+0.86™ 8.93+1.31° 0.51+0.05°
Fotost . . . o o

CV (%) 15.26 4.05 11.84 7.48 6.32

* = significantly difference at 0.05, ** = Significantly difference at 0.01.
Means within a column with a no common superscripts are significantly difference.

Figure 3 Effect of organic additive media on plantlet growth of D. scabrilingue Lindl after cultured for 12 weeks.
(1) VW + coconut water, (2) VW + potato mash (3) VW + tomato juice, (4) VW + banana mash and
(5) VW + mix.
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Figure 4 Growth and development of D. scabriligue Lindl plant cultured on VW medium, supplemented with potato

mash at 21 weeks (1-2) and potato mash plus charcoal at 29 weeks (3-4).
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Table 4 Effect of various materials on survival percentage and plantlet growth of D. scabrilingue Lindl after

cultured for 4 weeks in greenhouse.

Survival Shoot
Types of material Shoot no. Leave no.
percentage length (cm)

CBH 80 1.00£0.00 3.44+0.22 2.91+0.29
HD 63 1.05+0.05 3.88+0.31 2.94+0.34
SP 87 1.00+0.00 3.80£0.26 2.50+0.21
CBH + HD (1:1) 73 1.00£0.00 3.45+0.29 2.68+0.23
HD + SP (1:1) 83 1.00+0.00 3.360.18 2.44+0.23
CBH + HD + SP (1:1:1) 73 1.00+0.00 3.58+0.29 2.54+0.26
F-test - ns ns ns

CV (%) - 14.29 34.40 46.85

ns = non significantly difference.
Means within a column with a no common superscripts are significantly difference.

Figure 5 Growth and development of 4-week-old D. scabriligue Lindl plant transplanted to various materials in
greenhouse. (1) Coconut bark hack, (2) hydroton, (3) sphagnum moss, (4) chopped coconut and hydroton

(5) hydroton and sphagnum moss and (6) chopped coconut, hydroton and sphagnum moss.
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Aalda Pepper yellow leaf curl Thailand virus Tunsn (Capsicum annuum L.)
Combining Ability Analysis for Yield and Resistance to Pepper yellow leaf curl Thailand virus

in Chilli Pepper (Capsicum annuum L.)
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Pepper yellow leaf curl Thailand virus (PepYLCTHV) Lﬂuﬂﬂ;mﬁz@qﬁmﬁiﬂmmﬁmﬁﬂ nsldRugA NI
siaidelhiaazdanudladoymainandlfednededu fufunimasesindnguszasiiednmanuansnsnlunssnsa
ANUNANAS WAZAIINFNUNTIUFE PepYLCTHV ”Luw?‘ﬂ@dﬂmau%juﬁ 1 AU 13 ANANAINUEBNITNANKLIL test cross
WhsuWauiuRugWouN 14 aneug uasiufeeuuaBauiiian 1 a1eug (KM-P13001-4) 219UNWNNINAASILLIL
Randomized Complete Block Design (RCBD) 911 3 1 a5 fu HANNINARBINLIWINWUEUINAN HANANAINTD
Tunn9991s9 (GCA) URHANARZA Lmzmmﬁmﬁqz};aﬁqmﬁ@ 170.43 1A% 54.84 MINAIAL A1UFLANBUZNITNA
Tanluvininies ugualfifidn GCA sfigadeugndawed 7 Wiy -1.54 ludousesgnuaunudn fuas
KM-P13052-10-2 x 9853-123, KM-P13052-8-2 x 9853-123, tianatiidi 80 x 9853-123 Lay PP0537-7504 x 9853-123
fAnpuiisuvileneud lusneusuandngeiigada %MP iU 148.98%, 257.96%, 46.56% WAy 68.63%
uaz %HP Wi 140.60%, 239.47%, 23.08% waz 45.76% maandl esclsimagnuanta 13 AranuaasaIns
sounasalsn AuiuAeaglddndufimugueanaiunuselsaluvinudesinidusuiuden uenaintuwwn
AnaNtiaiaies 7 x 9853-123 flsziunninlansnfigaie 3.3 uazilwefifusnnumisumilanaudiiigaie -28.57
fafAmnzafiasimuluiugEnmumuserde PepYLCTHY 6

ar

AdAy: N19Ufudgeiug anuduniulea winlulada nsthenendneuznaiugnasy @eladaluinmaes

Abstract

The pepper yellow leaf curl Thailand virus (PepYLCTHYV) is one of economic importance as it has a negative
impact on chili pepper production. The use of chilli pepper resistance to PepYLCTHYV is a sustainability strategy for
controlling the disease. Therefore, the objective of this experiment was to study about the combining ability of
pepper varieties with regard to yield and resistance to PepYLCTHV. Thirteen F hybrids testcrosses were obtained by
testcross mating design, and they were compared with 14 parental lines and a susceptibility check (KM-P13001-4).
The study was of randomized complete block design (RCBD) with three replications and five plants per replication.
The results showed that the Khaekdam varieties had the highest general combining ability (GCA) value for
fresh yield characteristics and dry yield at 170.43 and 54.84, respectively. For the GCA value of pepper yellow leaf

curl virus disease, the Huareua-7 variety showed the lowest value at -1.54, which was suitable for development of
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atolerant variety. Four F,-hybrids, KM-P13052-10-2 x 9853-123, KM-P13052-8-2 x 9853-123, Yodsonkem 80 x 9853-
123 and PP0537-7504 x 9853-123 showed the highest heterosis values in fresh yield base on %MP as 148.98%,
257.96%, 46.56% and 68.63%, respectively. %HP were 140.60%, 239.47%, 23.08% and 45.76% respectively.
However, all 13 hybrids showed susceptibility to the disease, so it was concluded that resistance to chili pepper
disease was controlled by a recessive gene. In addition, the Huareua-7 x 9853-123 hybrid showed the lowest
disease level score of 3.3, and the lowest percentage heterosis of -28.57. The results suggest that this hybrid is

suitable for the development of chilli pepper varieties that are resistant to the PepYLCTHV virus.

Keywords: breeding, disease resistance, Begomovirus, inheritance, Pepper yellow leaf curl virus

A1

L°Tm Pepper yellow leaf curl virus (PepYLCV) famLﬂum@"hmmmmmﬁmmfmLm‘mﬂ@‘luma‘mmwm
Tuandenuasauiy ‘Emmawv‘luﬂrmmwﬂ?m fwAy Aw Unfanu Ruaunw 1muqu waztszindlne
(Chiemsombat et al., 2018) Lm@mﬂmqmmmmmq (Bemisia tabaci) \un11zini9A Tmmmmﬁ”mﬁuﬁ’mmﬁ@%é’aﬁu
winanmsiluuuylafanseglusausas (persistent) Wearidanerlufaeunauminnaldlszunn 3540 vl
mmmﬁm%dwﬂﬂﬁﬁ %”fm'u (Ghanim et al., 1998; Ghanim and Czosnek, 2000) A W nFen1stiesiuLasinan
muumiﬂa‘uﬂmwuﬁwaéﬂ“lummmumLﬂm PepYLCTHV mm’m’mwmmmmmmmwLLﬁ’lﬁnﬂmmmm@mwmim
’ﬂ‘F_INENEIu mmmmummumwmn @ﬂwmvmmmumummaummmummum@ﬂmmu 1-2 AU (Raietal.,
2014) mu@m‘umﬂwuﬁmwmumm delada Lmeﬂumﬂ’ﬁﬂ@nma (Kumar et al., 2009) TnelusnzFuLefi Ny
mLmiqm“lumﬂma@\ﬂumawuﬁmmnmqnu (Wasnsnd qae, 2560) wiasaNsuniusialsalafaluvinuaes
wuseulungn 2 atlidhe Winnawu Casicum annuum L. léun 9852-123 (Barchenger et al., 2019), BG-3821
(Anaya-Lopez et al., 2003), Perennial HDV, PSP-11, KR-B/NP-46-A w.ay PBC 145 (tymjm me@mﬁfa, 2561) Ay
NANNIN C. chinense (GKC-29 BS-35 uaz EC-497636) (Kumar et al., 2006) N19tinanandnunizana1uusalsn
Tnfaludnmaesnudnluningnuan IPBC12 x UNIB C GTS1 gnasuaulagdiunaissmumis Nanswazeqduuy
NaL9N (additive) E1A1 (dominant) mezﬂﬁzﬁvuﬁuﬁrﬁéwdwﬁmt,uum@mﬂ (additive x additive interaction) W&y
lunguiszangaes IPBC10 x IPBC14 gnasuanlngiiudes 2 suneddninagesduiuuaninaiuuuanasas
(additive action) &1144#i1 (dominant) LLmﬂﬁﬁuﬁ’uﬁrﬁ?WnguL&iu (dominance x dominance interaction) kanaliiiuna
mmm”mmuiuum'@mjmzmﬁzﬁ“ﬂwmzmiﬁﬁﬂ%@ﬂ%ﬁqﬁugﬂi?m LALBVEN AT URUAN AT (Ganefianti et al., 2015)
?‘N‘v‘iﬂﬁm?ﬂé”uﬂgqﬁuﬁjw?ﬂﬁmmu&iﬂ‘l‘m%é“mﬁﬂwﬂ’ﬁqmmmzﬁmmL@Wﬁmmmmﬁuﬂﬁaﬁimwimﬁuﬁ

matfulpsiugianiidnumnaaiumsiauniugife fisuanan wasanmwaaninlfiduiidasnssesiilna
WAZAATA WAEAN I LNRLEWINA U usialsa Tnsanizlsalafaludinmaesasdanalingniugnisddaunnn
seuuerelsasingtn  Tanlaialuvinviesfinainidelaiansd  Geminiviridae 'W‘umiLL‘Wfﬁ?:‘uwmmngul,wﬂu‘ﬁuﬁ
wndeunaziauTumaialszmeing Tnglanizlugguas wnnivdsudesaurszazdundnazrinWnandndamegds
80-100 e (Jamsari and Pedri, 2013) @ala5a e Geminiviridae Lﬂm\iﬁﬁﬁmmm”LmaiLmzmmmﬁﬂim
TuNuaneiia ‘Emﬁmﬁmmﬁmﬂu 4 ana (genus) A8 Matrevirus, Curtovirus, Begomovirus Was Topocuvirus %ﬂ‘ﬁ
delaialuana Begomovirus uamglumaiialinlaialuinvdesluitamanuafin (Chatchawankanphanich and
Maxwell, 2002) Tagian siialunad Solanaceae 1y Win uzide wsidema siuelss wasioaadume Wy 1laqiiu
3189UNTUNTIELN mwm%dhﬁ*alum@ Begomovirus Tuwin anuaw 3 atad Weun Pepper leaf curl virus (PepLCV),
Pepper yellow leaf curl virus Kanchanaburi virus (PepYLCKaV) Wwas Pepper yellow leaf curl Thailand virus
(PepYLCTHV) (Kenyon et al., 2014) Teplaaluvinmaeeanu s unsazLna tdatnemnisa ag A LLNAAL1
(Bemisia tabaci Genn.) 3\1‘1/7"1‘1‘12‘13??1&‘T\inmqmﬁmmgumxﬂmﬂﬁunﬂﬂ Kumar et al. (2006) HANHIAIINAIUNL
T lunmaaalunsn ‘MﬁwmmwgﬂL%@ﬁqﬁ%mﬂ?wumm (grafting) unan 50 U4 wWuIn wWingila GKC-29,
BS-35 WAy EC-497636 "Lm'ﬁmnwmmh%@ﬂmﬂguuﬁﬂﬁﬁﬁwmmu Firdaus et al. (2011) l@vinnnadn@aniugnsn
ﬁmmuﬁiﬂumw‘émﬁﬁmu 4 mﬁlﬁuﬁ‘: (C. annuum, C. frutescens, C. chinense Way C. baccatum) Wuq1
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Wangin C. annuum dnsnsadumuAeLNARalE LaTENLE NI AN LT UAB LA AT AT LE AT
289 cuticle 289lUBNAYY NWNANENAY Punjab Agricultural University ‘ﬁﬂixmﬂ%mﬁﬂiﬁﬁfmwﬁmmmﬂﬁuﬁf
winsiunusialoda 1w Wug BS-35, GKC-29, Bhut Jolokia, Lankamura, Collection, C00309, C00304, NMCA-40008,
IC-383072, Perennial, BG-11, Lorai W&z Punjab Lal (Rai et al., 2014) @ﬂﬂﬂ’]ﬁ’%’ﬂﬂ’mmm%nm@ﬁummmm@m‘ﬁm
atlddszuing C. annuum x C. chinense WUERIIAIUNITUAAIDENTBNANHOLZAIUNIY © BEUULE Iubi%“qéu Fudus:
Tnanalnaausiuniuluniniig BG-3821 mm’i’qma‘ﬂum%my (reactive oxygen species, ROS) uazans salicylic
acid mﬂumﬂumu phenolic compound qumﬂmu L‘W’ﬂvl,ﬂm‘vmu PR protem GNLﬂu pathogenesis related proteins
(PRs) fa@ﬂmLwaﬂmﬂuiﬂwmammmﬂ u@nmnuummmw-mmmuwLmemuLmkumimw PR1, PR5 WAz
PR gene Iuwmmﬂwuqmumm BG-3821 (Garcia and Rivera-Bustamante, 2011) muumquumvl,mummm
FNRUEEUNIUEE PepYLCTHY ingwsniwugnisAnaeding laun wingeaau winauan wWinwaEe uaywsnuyu
uwarAnE1AINAINRlUNNIIINAD UATNsuARAIERNTBSEF NN PepYLCTHY wazaf1agiutlszansnintesing
Wgusnunuialsalafaludinumaes

A8NITANEN

nsadeanaandaguii 1

randNITdaWINUE I silgAaIwIu 4 naw Taun 1) Winsenau 1 a1eug Ae enaudn 80 2) NgNWIN
UM 7 ﬁﬁﬂﬁuﬁﬁ@ wanan, KM-P13052-4, KM-P13052-7, KM-P13052-8-1, KM-P13052-8-2, KM-P13052-10-1 LAz
KM-P13052-10-2 3) Wintiaise 3 ma‘wuﬁ A vaizeiues 7 vaEeiues 12 uaz PPO537-7504 LAt 4) Wanin 2 aneiug
A8 PP0437-7510 way PP9955-15 mmmum 13 mﬂwuﬁ ﬂuwmwuﬁwawmumumam@ Pepper yellow leaf curl
Thailand virus (PepYLCTHV) A8 9853-123 Tnsi 9 ULNUNNTNAN WL test cross with tester m@ﬂmmuwaﬂmmu 13 @mzm
Ugnnagausaniuiugeud 14 aeug Tnauiilgnnesey 2 uneaesha 1) NN3UgNNAGBLANTINUENTPINGD
AN EUTNaNARLaresALlsznaunanan Ugnnageslunsznnsuazalunlainanauds (open field) uaz 2) AN
Fumusiaide PepYLCTHY dgnneaevlulsaGaudenidnalugguas r;”w,ﬁiﬁfauﬁlmm 2562 19 IhaUFUINAN 2562
w udasinems Anszmalulatinsinemas antunatulagnszaeuindidnnmsaianssals
N5UYNNARALANTTOUSNITTINAIIDIAN HISHANRAUASDIAUTZNALNARAS

WgnuaNaIou 13 grantgnnadeunananuazedAlsenauNaNARTaNTLRUGHa L EOTTL RIS
27 @n8g 919UNUN1INARRILLIL Randomized Complete Blocked Design (RCBD) %11 3 41 51az 5 du TnaiAanis
ﬂ@Jmm:@Lm%’ﬂmﬁ\iﬁ Wsiunineny 35 41 undedgnlunszanaauin 12 i lidantgnuanganzning wewinadu

©

Auluinny wazdluman 8nadau 1:1: 21 1 AMNAIAL UgNua9psrasiinesendnesi 50x50 WURLNAT LATYNNIEN
ﬁmi@.t,l,m"ﬂmﬁqﬁ eLzﬁ'ﬂﬁjim'ﬁu 16-16-16 8m31 5 nf/nszan fanfuijuaendnsn 10 nFw/NsEa Whirgaadniuaz
1 pss uazitlagns 15-0-0 sanriuiley 18-46-0 war 0-0-60 8m31 5 niu/nszavdlay Tudasszazniaaseyimuln
Neasu daulussazaannaniasRnea lidlugns 15-0-0 fanAuie 18- -46-0 uaz 0-0-60 @mm 10 nfu/nsznny/ddeyt
¥nnssausemdnalduended 1 uazifana/mended 1-3 ﬂﬂmmvmummm@mmmmu 3 pss
NNENARALANSSOULNNTIINAIUDIAN B AIUNURDLTE PepYLCTHV

1hida PepYLCTHV fil#Fupueyp s fiRnaslafaRouazuuaiizlonna s, uuinand
NEATAIRRT INLNUANTUNILEL mLﬁ'mﬁ?mmluﬁuﬂé’ﬁw?nﬁuﬁﬂdﬂmm (Wugeanau) 818 30 FUNAIAINNIZNAN
G 300 #u Teelfunanianadnemenide ummﬂﬂamfna 14§y smalssfiuuasAnirenduiifngels
mﬂfmmﬂfmimwﬂmngimvmm@w,mmn AIAdeLITe PepYLCTHV mﬂmuwan‘wmm@fanmmmawmﬂiuL@ﬂ@
(molecular marker) 'Im‘lmq”l,wawmmmwwz (specific primer) mm‘n@vlnm AR PAL1v1978B 5'GCATCTGCAGGCC
CACATBGTYTTHCCNGT-3' ax PAR1c715H 5-GATTTCTGCAGTTDATRTTHTCRTCCATCCA-3’ (Tsai et al., 2011)
Searlsfuny DNA aunntlezanns 1500 Aug Lﬁur?’fuw?nﬁ‘lﬁmLﬂumﬂﬁi@ﬂ@'ﬁ?m@‘ﬂ‘ﬁﬁﬁwﬁmmm (polymerase chain
reaction, PCR) Weldifluuvaade (source of inoculum) zﬁ’ﬁm*uﬂ@mm%@‘lu%umuﬁiﬂiﬂ

ﬂﬁil,m?ﬁuﬁuﬂﬁww?mﬁwmvuﬂ@mm%@ PepYLCTHV Tneiinu@ansniugna sl Wuﬁ:@}nmmu%’qg'uﬁ 1 Mugaauue
(KM-P13001-4) WazWUgAIUNIL (9853-123) @?ﬂmu‘ﬁ"\mm 28 A8Ug N1UgNNARLANIITNULNITIINAVUBIAN Y
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Funusialsnluvinmaeswin ImﬂﬁﬁLuﬁmﬁuﬁf%wmmwamﬁ”ﬂummmmmm 104 v iilelAfundneny 30 u
gheinanaenszanaaduinuguenans 2 i ‘L‘mﬂlﬁffmQﬂ@.ﬂﬁﬂi:ﬂ@uﬁqaﬁﬂuﬁmq YNNI wazNenF 1y
Wijueealulingns 13-13-13 ledundminenyld 45 Su awinsdgnide PepYLCTHY adlugundndatizns
@eouren tnaldiugnaaauiiu root stock uazlds inoculum Falasaluvinimaasily scion (Kumar et al., 2006)
INUHLNTNARBILLL RCBD 41171 3 91 dnaz 5 fu Ustiiunisdfinlsavda@usten 28, 35, 42, 49, 56 uaz 63 A1
TmﬂiﬁﬂzLLuumwgul,mmmmﬂﬁm‘lliﬂ%\mm 6 szAL A 0 = sulnd, 1 = Henislusdn 0-5% uazidulunin,
2 = flenmsluvidn 6-25% uluvinunntu uazluBuuanteiniswdes, 3 = fermslunin 26-50% Wulundn uax
luwReafieunsly, 4 = fenmsluvin 51-75% duluvin luwaeaivly warluEnfetnsunszunsy uaz 5 = fean1s
Juvnannndn 75% dulusidn luwdesiely luueszunsy warrrzdnniaaeyiiuln m1u3EN19989 The World
Vegetable Center (Worldveg) (Figure 1) uanAN score N3 ARTIANNIATUIIF TN SRR TsA (disease index, %DlI)
Ine/ldgms %Disease index = X(NixVi) NxV x 100 ila Ni = @"mquﬁuﬁLL'Ammﬂﬁmimluuﬁi@m:ﬁu, Vi = 3¥AU
nafinlen (0, 1,2, 3,4 1198 5), V = sAun1aiinlangagn uaz N = Sruausuieiimadey Lﬁ'@ﬁﬂﬂi:uﬁﬂwmx
AU UL luusiazaeiugsialon luRniaeInan

Figure 1 Pepper yellow leaf curl Thailand virus (PepYLCTHV) scores at seedling stage, 0: highly resistant (HR);
1: resistant (R); 2: moderate resistant (MR); 3: moderate susceptible (MS); 4: susceptible (S) and 5: highly
susceptible (HS).

nstuiindaya

ﬁuﬁﬂ@mmwmw’ﬁmmﬂmﬂﬁmﬁmm%ﬁ 2 TnegaifiUuansnauIu 5 Nasasy LazuinAIINN319T8HA
(IURIAT) AINNENNTAHA (TURWLAT) LavivinEaaaseNs (N5) YNMsLAeNHAARS w3 AR TN
ANUIUNAG DAL ﬁwﬁﬂmmmm‘@ﬁu (N5N) LLa:ﬁwﬁmLﬁWi@ﬁu ImilG;NLﬁ‘i.l&l@NEMﬂ%ﬂLLTﬂLﬁ@ﬁL@N’]MN@Qﬂ 14 3
095 FaeszeziafLIfaaviney 1 &an
n3LATIZUTaN

3Lmﬁw’mwLLﬂiﬂmum@mnﬁﬂwmz‘ﬁﬁﬁmiﬁm:mmuLLNumiwmmLLuu RCBD if3tuifiuupiadalngda
Least Significant Difference (LSD) saalilsunsaiinsnzvimsatindnisagil statistic version 8 AiAsnziipauALALYa9
@Jnmu%ﬁ 1 (heterosis) 2 WUL A8 L'Ll‘f}auLﬁﬂuﬁumm?nlmmﬁuﬁw'mm (mid parent) oz ReuifleuiuAieanteg
Wuﬁviw?‘mmﬁﬁﬂdﬁ (high parent) uasAlAszsianugnnsalunissausaialyl (general combining ability, GCA)

ANNUHUNNSHANULL test cross with tester ANXABNM9199 U1 Tunel wagien (2557)
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HANNINARBINLIINIGNNEN 13 AHAN meﬁuﬁ:vi@Lm'i'mmLuﬂﬂﬁmﬁuslummﬁﬁﬁi:ﬁummL%ﬁu 99%
Iuwﬂﬁnwm”ﬁﬁnm WRur wardnan wandmuwie suaunasiedy dwiinaasena svinuwiisiens Aandea
UAZANENINA ImwmﬂuﬂmuwuﬁwaLLuwa‘ﬂwuﬁLmmf«m@ﬂ‘l,un@uwiﬂfv«mmﬂumwmvmm@mmmmumwmm Gk
301.98 niwsiedu ilesanduneuasaudralug fhwiinansena duinuausic pandane uazAHENaRAWNL
2.89 N3N 1.22 N3N 0.85 LIUANAT WAT 7.25 IURALUAT AMNAIAL ANHTNaKARWIsafunLd wWInudiaGaies 7
Tﬁ’m@,\iﬁzﬁmﬁ@ 68.81 NinFAU Lﬁmmﬂﬁﬁ/ﬁli’]d')uﬁﬁwﬂ/ﬂmﬂﬁ@LLﬁQﬁMiﬁdQuﬁ%ﬂﬁmmﬁ@ 2.6 1 1 wazlunaniuggnuan
WUIANAN KM-P13052-7 x 9853-123 ﬁﬁmmﬁ'quﬁ’ﬁﬁmﬁ@ 3.1: (Table 1) ﬁmLﬂuwuﬁmmmvmummumwmLmq
ANBOUTATUIUNARBAUNLIIWTNN UG AALTN 80 sl,ummummnmm Fia 218 uastadu wiiilesannilnsanaiengg
Aviminuandasesusnininaunn Tnewinseaauda 80 Siwiinansena twiinuirens Armndea
AINENINA WL 0.78 NFN 0.24 NFN 0.48 LUFANAT WAY 7.00 WHUFANAT AINAAL @,ﬂmmﬁlﬁ’mmam@;aﬁqmﬁ@
ARANLLNAN x 9853-123 Iinan@nan 351.71 nfusiasi uazkanAnui 104 niudedu wanzanias gl
Lﬁ@ﬁwmﬁuﬁ:@uﬂmauﬁ‘lﬁmmﬁmqa

Table 1 Means of 8 characters evaluated in 14 parents and 13 hybrids of 13 x 1 cross in chili pepper (Capsicum

annuum L.).
Fruit
Genotype Fresh yield Dry yield Number of Ration of Fresh weight Dry weight Fruit width  Fruit length
(g/pt) (9/pt) fruits per plant fresh/dry weight (gffruit) (gffruit) (cm) (cm)

9853-123 46.31%° 12.39" 88.33" 3.7:1 0.53 0.43™ 0.44™ 2.07"
Kaekdum 301.98" 68.12° 105.22" 44:1 2.87° 1.22° 0.85° 7.25°
Huareua-7 180.09" 68.82° 162.55" 26:1 1.13" 1.30% 0.66°° 6.87°
Huareua-12 145.33%" 46.83' 75.34" 3.1:1 1.92° 1.44" 0.58™ 7.01°
Yodsonkem 80 169.02° 54.61° 216.89° 3.1:1 0.78% 0.24" 0.48"" 7.00°
KM-P13052-4 114.67" 32.23% 131.22" 36:1 0.90" 0.87" 0.57" 5.56°°
KM-P13052-7 82.18™ 21.19 71.22" 39:1 1.15" 0.91° 0.47" 473
KM-P13052-8-1 70.87% 22.26' 68.89" 32:1 1.03" 0.93° 0.43" 454"
KM-P13052-8-2 53.33%" 11117 39.83" 4.8:1 1.41% 0.57%* 0.53"" 3.20"
KM-P13052-10-1 146.40%" 49.83° 192.17%9 29:1 0.76" 0.55™ 0.31" 418"
KM-P13052-10-2 43.19° 10.30" 40.11"™ 42:1 1.08" 0.78°" 0.51™" 4.48%"
PP0537-7504 254.43° 55.11¢ 208.39° 46:1 1.22"" 0.59%* 0.60% 577"
PP9955-15 276.63% 50.28° 37.78" 55:1 7.44° 1.54° 1.45° 9.27°
PP0437-7510 72.35"™ 12.52" 16.00" 5811 461° 1.82° 1.05° 11.84°
Kaeldum x 9853-123 351.71° 104.02° 260.33° 3.4:1 1.357¢ 0.34" 0.69% 5.09""
Huareua-7 x 9853-123 149.83%" 45.37° 161.45" 33:1 0.98" 0.73% 0.657" 418"
Huareua-12 x 9853-123 265.49° 76.81° 239.94> 35:1 111" 0.79°° 0.63°" 5.33°"
Yodsonkem 80 x 9853-123 308.26° 67.445° 322.00° 46:1 0.96" 0.45™ 0.42" 4.66™
KM-P13052-4 x 9853-123 116.54" 33.59 189.56° 35:1 0.60" 0.36"" 0.48"" 3.33"
KM-P13052-7 x 9853-123 141.10% 46.06' 203.22% 3.1:1 0.69" 0.47" 0.54%™ 454"
KM-P13052-8-1 x 9853-123 151.88%" 43,529 231.89°¢ 35:1 0.67" 0.45™ 0.49™ 357"
KM-P13052-8-2 x 9853-123 134.07™ 42.06" 227.22°° 32:1 0.60" 0.54" 0.49™ 375"
KM-P13052-10-1 x 9853-123 101.33" 31.62% 133.78" 3.2:1 0.76" 0.65" 0.45"" 3.95™
KM-P13052-10-2 x 9853-123 111.42¢ 30.42¢ 150.11" 3.7:1 0.74"™ 0.597* 0.44"™ 362"
PP0537-7504 x 9853-123 184.16% 46.74' 161.45% 3.9:1 1.16" 0.86" 0.60%" 425"
PP9955-15 x 9853-123 197.29° 38.19' 105.45" 52:1 1.87% 1.15° 0.81% 7.33°
PP0437-7510 x 9853-123 143.61%" 33.56' 105.33" 43:1 1.327° 0.77% 0.71% 6.17°°
Fotest ox ox e o x o wx
CV (%) 9.81 2.93 13.24 20.04 15.41 11.19 12.22

** Significant at 0.01 probability levels.
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Arauiiefifuiauisumitenau (heterosis) ludnmniznananangaiignranndn KVM-P13052-10-2
X 9853-123 %MP (148.98%) Uar %HP (140.60%) ANHIUENANARUAIABAU UATANUIUNAREMY WLIIANAN
KM-P13052-8-2 x 9853-123 mﬂmmummmm ﬂ’ﬂ NANRARLIN (%MP; 257.96% WAz %HP; 239.47%) LAZANUIUNARAAY
(%MP; 254.59% Waz %HP; 157.24%) @nwmwmuunmm/mwmwwmwuﬁmmuwu 80 x 9853-123 flinlafidusgiige
(%MP; 46.56% Waz %HP; 23.08%) uwummq/mmm PP0537-7504 x 9853-123 (%MP; 68.63% War %HP; 45.76%)
ANNNI1INAAR KM-P13052-8-2 x 9853-123 (%MP; 42.31% WAz %HP; 17.19%) UAZANNENINARAR KM-P13052-8-2
x 9853-123 (%MP; 23.53% Uar %HP; 8.62%) (Table 2) d1iun1sdiAsziANuLsLlauzasmua Nt lung
sauaaly (GCA) WU AN UEHANNLAN AWl uNA TR ﬁuﬁ‘uﬂﬁﬁmmmmm‘lumﬁqmﬁqﬁﬂﬂuﬁﬂwmv
NAKRARARUAZHANAR LS Gl Tguane A1 GCA 170.43 uaz 54.84 ANNATAL AMUINHARAFU AD WufHanaldx 80
A1 GCA 130.90 hminassena tminudsiena AYINANINA UATATNENILA BB Wi PP9955-15 HA1 GCA
0.88, 0.53, 0.24 UaY 2.69 AMNANAL (Table 3) mﬂmimﬂmmwmymmmLmummﬂa‘m@u‘ummmmwmqwummﬂm
Wugaenawdn 80 uar PP9955-15 HA1 GCA TUANHIULHANARAN LATNANARNLINES ‘wuﬁmm GCA fluuangs
Hua Tt gnuasi mmﬂu@wﬁwmmmﬂm psgenTesiuLLLIHALAN (additive gene action) FednumnizAanseantis
mua%nmﬂwmvmmﬂuwmamenwmyuu 7 waznIsuanIeanTIaNEuAINANEIaIN s enenansn i gugn s
mmnﬁmqﬂamﬂmmfa@nmmﬂmxmmmﬁﬁﬁuﬁﬁmdﬁqﬁiﬂﬁwmLﬂuﬁuﬁqﬂmmumié’ﬁiﬁmmamqqmmiﬁ (Sprague
and Tatum, 1942)
ﬂmsnu”mssquﬁwmﬁ’numvs’ﬁumuﬁaL%yfa PepYLCTHV

m@miﬂaymummmumummwaﬂmam@ PepYLCTHV wmnmwmmﬂmiﬂ@ﬂmmﬂmm a1 28 U
‘WuﬁLLNLL’&m\iﬁ‘vaﬂf}WN?uLLj‘ﬂﬂ@\iﬂ’]?mﬂIﬁ‘ﬂﬁlx‘iLLﬁ] 0.3-3.0 e R F UL lsAUARIIZALIANATULSIBINNTARTA 0.6
WAZQNEANLARITTALIANINIULINYINITNATIA 0.7-2.3 1u°nmmwuﬁfafaw,vameumuﬂfmmummqn’mﬂﬂ‘lﬁm 1.7
(Table 4) ﬂ']il,mm'mmimmm‘iimmmwsﬂwummLL@“@ﬂtmum@uvmmﬂwuﬁmvmmmmmm (321 5) afl 49 §u
m\‘mﬂﬂ@mﬁn@ enduiugiieies 7 uasiuggnuan iaidaues 7 x 9853-123 Advuanspnnuiiumusialsn uaz
WAPNIZAUAINTULINTDINTAATIAWINGL 4.2 UaE 3.3 ANATAU (Table 4)

msaAziANLLslaueeddn GCA 1e9naiinlsnlumniuaenin W’uﬁju,siﬁdm GCA 224n15ininlan
TVRNARIWINAN AR WugaFaies 7 A1 GCA -1.5385 (Table 3) Wuﬁﬁﬁﬁw GCA ﬁﬂﬁ?@ﬁmummiuuimmau
fixnumustensfalsnlusinmiedls (dan uasaenuts, 2561) A1 GCA ‘mllﬂ‘]_lﬁ’]L’a@ﬁlﬂlﬂdﬁ‘meﬁQWNiuLLNﬂ@d

De 220

b

rm?mm‘llmwmmmwmuwuﬁﬂﬂumqmn (WH9n30] 498 WazdTian IATvALaDYs, 2557) FAANNHANINARDE
WumLmmzﬁmwmwuqmumumwmwuqmLa‘m‘um 7 m‘lﬁlmﬂNamm”mumimmTammmemmmummmmmu
wilawausisnae %HP ﬁ‘i’qﬁm (Table 2) muuwmwuﬁmwamm 7 aqay Lﬂuwuﬁmmnamwiumaﬂuwmm
LW@r:mmwsnwuﬁ@ﬂmmumumu‘llm‘l,umﬂmmmwm mwuwmmumwmmiwmaummmumuwm’]wuﬁ 9853-123
fimiunlng WorldVeg. uaziizaiues 7 ‘1/1Lﬂuwuﬁwumuummmumumimm uazEINLNNINITANFIBIRUE
‘wLL@m'mmimumum‘l}mm”l,ﬂ@um’a@w,mma‘llmmn LAZWLIGNHAL Hai3alues 7 x 9853-123 wumamwmﬂmmm
‘wuﬁ‘mLmm'mmimumum'a‘tmmmmu 1 U m&mzmNmmumﬂmnwuﬁw'aLLuwummmumume lesinnng
U@JnLﬂ]@l‘umnmamwmLﬁuﬁiﬂmmemwmumumim ﬂmﬂinmmvmu”lmq@mmwwmummmmmmim
LA bALTA1IN ﬂu'ﬁ'm‘uqummﬁmmuﬁi@‘ﬂmiuu?ﬂmgmw?ﬂLﬂuLmuﬁuﬁ”@ﬂ (recessive gene) (Kumar et al., 2009)
u@ﬂmnﬁuﬁuﬁmmu‘ﬁm%%’Muu’fmmamﬂ”\iﬁiwmudﬂgﬂﬂf;ﬂ@uﬁfmﬁuwmﬂﬂu (polygenic genes) (Ganefianti
et al., 2015) wazlananavesiiy additive, dominant waz additive x additive interaction wazlunguilszaansves
IPBC10 x IPBC14 Qﬂmumﬂm two recessive genes
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Table 2 Estimates of heterosis of parents of 13 hybrids for yield, yield components and PepYLCTHYV disease.
Fresh yield Dry yield Number of fruits Fresh weight Dry weight Fruit width Fruit length PepYLCTHV
F, hybrids (g/pt) (g/pt) per plant (g/fruit) (g/fruit) (cm) (cm) 63 DAl
%MP %HP %MP %HP %MP %HP %MP %HP %MP %HP % MP %HP %MP %HP %MP %HP

Kaeldum x 9853-123 101.96 16.47 158.40 52.70 169.01 147.41 -20.59 -52.96 -58.79 -72.13 9.23 -29.79 6.98 -18.82 7.53 0.00
Huareua-7 x 9853-123 32.36 -16.80 11.74 -34.07 28.71 -0.68 18.07 -13.27 -15.61 -43.85 20.98 -13.64 18.18 -1.52 -29.41 -28.57
Huareua-12 x 9853-123 177.07 82.68 159.41 64.02 193.20 171.64 -9.39 -42.19 -15.51 -45.14 17.40 -23.97 23.53 8.62 7.53 0.00
Yodsonkem 80 x 9853-123 186.31 82.38 101.34 23.51 111.00 48.46 46.56 23.08 34.33 4.65 2.76 -33.43 -8.70 -12.50 7.53 0.00
KM-P13052-4 x 9853-123 44.79 1.63 50.56 4.22 72.68 44.46 -16.08 -33.33 -44.62 -68.62 -12.71 -40.11 -4.95 -156.79 7.53 0.00
KM-P13052-7 x 9853-123 119.63 71.71 174.33 117.37 154.74 130.07 -17.86 -40.00 -29.85 -48.35 33.53 -4.02 18.68 14.89 7.53 0.00
KM-P13052-8-1 x 9853-123 1569.23 114.31 151.20 95.51 194.99 162.53 -14.10 -34.95 -33.82 -561.61 8.02 -21.37 12.64 11.36 7.53 0.00
KM-P13052-8-2 x 9853-123 169.11 151.40 257.96 239.47 254.59 167.24 -38.14 -57.45 8.00 -5.26 42.31 17.19 1.03 -7.55 7.53 0.00
KM-P13052-10-1 x 9853-123 5.16 -30.79 1.64 -36.54 -4.61 -30.38 17.83 0.00 32.65 18.18 26.40 -5.50 20.00 2.27 7.53 0.00
KM-P13052-10-2 x 9853-123 148.98 140.60 168.14 145.52 133.74 69.94 -8.07 -31.48 -2.48 -24.36 10.53 -19.20 -7.37 -13.73 7.53 0.00
PP0537-7504 x 9853-123 22.47 -27.62 38.49 -15.19 8.82 -22.53 32.57 -4.92 68.63 45.76 23.72 -15.94 15.38 0.00 7.53 0.00
PP9955-15 x 9853-123 22.18 -28.68 21.88 -24.05 67.23 19.38 -63.07 -74.87 16.75 -25.32 29.28 -20.93 -14.29 -44.14 7.53 0.00
PP0437-7510 x 9853-123 142.05 98.49 169.45 168.05 101.92 19.25 -48.64 -71.37 -31.56 -57.69 -11.29 -47.89 -4.70 -32.38 7.53 0.00

DAI = days after inoculation (grafting).
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Table 3 Estimates of general combining ability (GCA) of 14 parents for yield, yield components and PepYLCTHV disease.

) Fresh yield Dry yield Number of fruits Fresh weight Dry weight Fruit width Fruit length PepYLCTHV
Parental lines (9/pt) (g/pt) per plant (gffruit) (gffruit) (cm) (cm) 63 DAI
Kaekdum 170.43" 54.83" 69.24™ 0.36 029 0.12" 0.44" 0.13"
Huareua-7 -31.46" 381 -37.10" -0.01" 0.10" 0.08" 046" 154
Huareua-12 84.21 27.63 48.85™ 012" 0.16 0.06 0.69 0.13"
Yodsonkem 80 126.97 18.27 130.90 -0.03 018" 015" 0.02" 0.13"
KM-P13052-4 -64.75" -15.60 154" 037" 027" -0.09 132" 0.13"
KM-P13052-7 -40.18" -3.13 12.12" -0.30" 016" -0.03" -0.10" 0.13"
KM-P13052-8-1 -29.40" 567 40.79" 032" 017" -0.08" 1.07" 0.13"
KM-P13052-8-2 -47.21" 712" 36.12" 039" -0.08" -0.08" -0.89° 0.13"
KM-P13052-10-1 -79.95™ 1757 -57.32" 023" 0.02" 012" -0.69° 0.13"
KM-P13052-10-2 -69.87" -18.77 -40.99" 025 -0.04" 012" -1.02" 0.13"
PP0537-7504 2.88" 245 -29.65" 0.16~ 0.23" 0.03" 0.20° 0.13"
PP9955-15 16.01" -10.99" -85.65" 0.88" 0.53" 0.24" 269 0.13"
PP0437-7510 -37.67" -15.62" -85.76™ 0.37 0.14" 0.14" 152" 0.13"

DAl = days after inoculation (grafting).
ns and *, ** non-significant and significant at 0.05 and 0.01 probability levels, respectively.
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Table 4 Pepper yellow leaf curl Thailand virus (PepYLCTHYV) disease reactions of 14 parents and 13 hybrids at

28, 35, 42, 49, 56 and 63 days after inoculation by grafting method.

47

Disease severity + SD

Genotype
28 DAI 35 DAI 42 DAI 49 DAI 56 DAI 63 DAI

9853-123 (RC) 0.6+0.5° 1.741.5° 2.241.0° 4.3+1.2% 4.3+1.2% 4.3+1.2%
Kaekdum 0.6+1.0°° 4.7+0.6™ 5.00° 5.00° 5.00° 5.0£0°
Huareua-7 0.4+0.5” 2.9+1.3%° 4.241.4% 4.241.4% 4.241.4% 4.241.4%
Huareua-12 0.5+0.4°° 4.5+0.6™° 4.8+0.3° 5.00° 5.0£0° 5.0£0°
Yodsonkem 80 0.30.3° 4.1+0.5"¢ 4.740.3° 5.0+0° 5.0+0° 5.0+0°
KM-P13001-4 (SC) 1.7+1.2°¢ 4.3+1.2°° 4.7+0.6° 5.0+0° 5.0+0° 5.0+0°
KM-P13052-4 1.141.4¢ 5.00° 5.00° 5.0£0° 5.0£0° 5.0+0°
KM-P13052-7 0.3+0.6™ 3.1+2.0°° 4.3+1.2% 5.0+0° 5.0+0° 5.0+0°
KM-P13052-8-1 1.4+1.4%° 4.4+0.5%° 5.00° 5.00° 5.00° 5.0£0°
KM-P13052-8-2 2.041.7%¢ 4.3+0.6°° 4.7+0.3° 5.00° 5.00° 5.00°
KM-P13052-10-1 1.9+2.0%¢ 4.8+0.4° 5.00° 5.00° 5.00° 5.0£0°
KM-P13052-10-2 0.6+0.5°° 3.7+1.27¢ 4.8+0.4° 5.00° 5.00° 5.00°
PP0537-7504 0.8+0.5°° 4.7+0.5® 4.9+0.2° 5.00° 5.00° 5.00°
PP9955-15 3.0+1.2° 5.00° 5.00° 5.00° 5.00° 5.00°
PP0437-7510 1.6+0.7%¢ 3.9+0.6™¢ 4.8+0.3° 5.00° 5.00° 5.00°
Kaeldum x 9853-123 2.1+0.8°° 4.9+0.2° 5.0+0° 5.00° 5.00° 5.00°
Huareua-7 x 9853-123 0.9+0.8°° 2.7+2.3% 3.3x2.9° 3.3x2.9° 3.3x2.9° 3.3x2.9°
Huareua-12 x 9853-123 1.241.0°¢ 4.7+0.6™ 5.0+0° 5.00° 5.00° 5.00°
Yodsonkem 80 x 9853-123 1.4+1.2%¢ 4.2+0.3%° 4.9+0.2° 5.00° 5.00° 5.00°
KM-P13052-4 x 9853-123 0.8+0.8°° 4.9+0.2° 4.9+0.1° 5.00° 5.00° 5.0£0°
KM-P13052-7 x 9853-123 1.7+0.9°¢ 4.4+0.5°° 5.00° 5.00° 5.00° 5.00°
KM-P13052-8-1 x 9853-123 1.241.1%¢ 4.7+0.6% 5.00° 5.00° 5.0£0° 5.00°
KM-P13052-8-2 x 9853-123 0.8+0.8°° 4.8+0.3° 5.00° 5.00° 5.0£0° 5.00°
KM-P13052-10-1 x 9853-123 0.7+0.6°° 4.1+0.9%¢ 5.00° 5.0+0° 5.0+0° 5.00°
KM-P13052-10-2 x 9853-123 1.9+0.5*¢ 4.5+0.2°° 5.00° 5.00° 5.0£0° 5.00°
PP0537-7504 x 9853-123 2.141.3%° 4.8+0.2° 5.00° 5.0£0° 5.0£0° 5.00°
PP9955-15 x 9853-123 1.8+0.2°¢ 5.040.° 5.00° 5.0+0° 5.0+0° 5.00°
PP0437-7510 x 9853-123 2.3+0.6® 5.040.° 5.00° 5.00° 5.0£0° 5.00°
Mean 1.28 4.28 4.72 4.89 4.89 4.89
Fotost e o o o . .

SD = standard deviation.

DAl = days after inoculation (grafting).

RC = resistant check, SC = susceptible check.

** Significant at 0.01 probability levels.

=
aginansAnm

WInWuguanNAn Aigueanaudy 80 uazug PP9955-15 HAN GCA TUANMIUCHANAR UATHANARNLIAIZINAR
g miuanensnsmunusalinldaluinumassdniuginiees 7 A1 GCA Aiga Asiuauduiugnacsiatsn

Tunsth liidwiugusdiveainsgnuasnisfmuazsnuniulsaludnmaesnin - dausunisiansnngnuannddnanin
INANARZINAUI 4 AHANAD KM-P13052-10-2 x 9853-123, KM-P13052-8-2 x 9853123, a1 80 x 9853-123
way PP0537-7504 x 9853-123 dudliguaniuginizaiuas 7 x 9853-123 Hazuuunisiialsalfaluinvasssiuay

Huanamlunansasiuguasfiaasin lUwmuniludszanawsnsuniulsalunimassia s



48 NIANTINHATNIZAANNAN 2564 : 39 (1) : 39 - 48

LANA19A19DY

UNAN uaedaAuia. 2561, ANTIOULNNTIINFILRINGN (Capsicum annuum L.) Funiusalsalasalusdnwdeanin. dnanfinus,
HUINLAEVDULNL,

dalune wegsen. 2557. msamsziimavlulewsisnlunisyfudpeiugivg. ngamn: Ta. o4, WinRa i,

Wmi']mnf@q'a mezﬁm LATLNALATIET. 2557. mmmuzmﬁwﬁaﬁﬂﬂLmznﬁi‘ifmﬁaLfﬂwwm'ﬂ\‘iﬁﬂﬁmzﬁﬂumu‘[mLL@uLmiﬂTum
luwsnaila Capsicumannuum L. uniuiniss 42 (aifunias 3): 935-940.

Wasnnsad gae. 2560. lanladaluiindeslunin uazuwimnalunisdnnisisn. 919a79nsssnszaauInaT 35(2): 147-152.

Anaya-Lopez, J. L., Torres-Pacheco, |., Gonzalez-Chavira, M., Garzon-Tiznado, J. A., and Pons-Hernandez, J. L. 2003.
Resistant to Geminivirus mixed infections in Mexican wild peppers. Horticultural Science 38(2): 251-255.

Barchanger, D. W., Jeeatid, N., Lin, S. W., Wang, Y. W., Lin, T. H., Chan, Y. L., and Kenyon, L. 2019. A novel source of resistance to
Pepper yellow leaf curl Thailand virus (PepYLCTHV) (Begomovirus) in chile pepper. International Society for Horticultural
Science 54(12): 2149-2149.

Chatchawankanphanich, O., and Maxwell, D. P. 2002. Tomato leaf curl Karnataka virus from Bangalore, India, appears to be
a recombinant Begomovirus. Phytopathology 92(6): 637-645.

Chiemsombat, P., Srikamphung, B., Yule, S., and Srinivasan, R. 2018. Begomoviruses associated to pepper yellow leaf curl disease
in Thailand. Journal of Agricultural Research 3(7): 1-11.

Firdaus, S., Heusden, A. V., Harpenas, A., Supena, E. D. J., and Vosman, B. 2011. Identification of silverleaf whitefly resistance
in pepper. Journal of Plant Breeding 130(6): 708-714.

Ghanim, M., Morin, S., Zeidan, M., and Czosnek, H. 1998. Evidence for transovarial transmission of Tomato yellow leaf curl virus
by its vector, the whitefly Bemisiatabaci. Journal of Virology 240: 295-303.

Ganefianti, D. W., Hidayat, S. H., and Syukur, M. 2015. Genetic study of resistance to Begomovirus on chili pepper by
Hayman'’s diallel analysis. International Journal on Advanced Science, Engineering and Information Technology 5(6):
426-432.

Ghanim, M., and Czosnek, H. 2000. Tomato yellow leaf curl geminivirus (TYLCV-Is) is transmitted among whitefly (Bemisiatabaci)
in a sex-related manner. Journal of Virology 74(10): 4738-4745.

Jamsari, J., and Pedri, J. 2013. Complete nucleotide sequence of DNA A-like genome and DNA-B of monopartite
Pepper yellow leaf curl virus, adominant begomovirus infecting Capsicum annnuum L. in West Sumatra Indonesia.
Asian Journal of Plant Pathology 7(1): 1-14.

Kenyon, L., Tsai, W. S., Shih, S. L., and Lee, L. M. 2014. Emergence and diversity of begomoviruses infecting solanaceous crops
in East and Southeast Asia. Virus Research 186: 104-113.

Kumar, S., Kumar, S., Sing, M., Sing, A. K., and Rai, M. 2006. Identification of host plant resistance to Pepper leaf curl virus in chilli
(Capsicum species). Scientia Horticulturae 110: 359-361.

Kumar, S., Kumar, R., Kumar, S., Singh, M., Rai, A. B., and Rai, M. 2009. Reaction of Pepper leaf curl virus field resistance of chilli
(Capsicum annuum L.) genotypes under challenged condition. Vegetable Science 36(2): 17-22.

Rai, V. P., Kumar, R., Singh, A. K., and Kumar, S. 2014. Monogenic recessive resistance to Pepper leaf curl virus in an interspecific
cross of Capsicum. Scientia Horticulturae 172: 34-38.

Sprague, G. F., and Tatum, L. A. 1942. General VS. specific combining ability in single crosses of corn. SIAM-ASA Journalon
Uncertainty Quantification 34: 923-932.

Tsai, W. S., Shih, S. L., Kenyon, L., Green, S. K., and Jan, F. J. 2011. Temporal distribution and pathogenicity of the predominant
tomato-infecting begomoviruses in Taiwan. Plant Pathology 60: 787-779.

JUFULNAIN (Received date) : 28 1u.gl. 63
JuurlaLmaau (Revised date) : 30 n.&1. 63

TUABLFLLNAIIN (Accepted date) : 12 W.gel. 63


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Firdaus%2C+Syarifin
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=van+Heusden%2C+Adriaan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Harpenas%2C+Asep
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Supena%2C+Ence+D+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Vosman%2C+Ben
https://scholar.google.co.th/citations?user=l5d7lpgAAAAJ&hl=en&oi=sra

King Mongkut's Agr. J. 2021 : 39 (1) : 49 - 56 NNFANTNHFITWIZABNNAT 2564 : 39 (1) : 49 - 56

na2a95eALlUsAUlURIMNTAREANTTNINNITHNAR ATNINTIN LLaz@mnﬁmﬁa
a -
1asgnsnuLiaclng
Effects of Dietary Protein Levels on Productive Performance, Carcass, and Meat Quality

of Thai Native Pigs

LUATRUIA WALNG' AUNSNT LAMSWE? WITNT Rz RWINN’
nua 2929908 Alar9sas unueil® uazsude Andlnawed”
Netanong Phonkate', Chanporn Chaosap®, Panneepa Sivapirunthep’,
Kamol Chaweewan®, Wilaiwan Thantanee® and Ronachai Sitthigripong"

UNARNED
?.// d’jd o‘d‘ =] a a o a dl 1 o dld 1 a
ma‘mqwm\m Qﬁmﬂ?“’@\‘iﬂL‘W'ﬂﬂﬂﬁqﬂﬂﬁW@ﬂlﬂﬂizﬂUiﬂ?ﬁ]uﬂLLﬁlﬂﬁlq\iﬂ‘lﬂu’ﬂqﬁfﬁﬂwN@ﬁlﬂ@ﬂ??ﬂﬂWWﬂq?N@ﬁ]

a

ATUNININN AL ﬂmmm‘f':fazgmwumm"tm mﬁnm@m‘ﬂ%ﬁ’mmﬁwﬁm“lmmmé’qw?mLmzimmu RN 24 G INARARU
uazwAideageazivin 7 M dminFunaaeaids 21.60:5.21 Alanfu uwkgneeanidu 4 neu qnaustazneu sy
ansTiflszaulsiusansinaty e 12, 14, 16 uaz 18 wedidud ansusazignideslunssdude szwinennaes
Wensuuuidiud fivliRussennan dufinaussanimmsudann 13 dlaiaugnsihinminléulszanns 60 Alansu
MﬁwmﬁuﬁmmnﬂﬁqﬁwﬁLL@xﬁﬁmesmn yinaaiudayaAnn NN fushednandnanileduuen (Longissimus
dorsi) \ietinandnenaninwile  wanisinmmudngnetlduemendszaLildsRuuanseiuilaassnnwnnswan
usnaAnenueeneluidadAnyneaiia (P>0.05) Lmkudmmﬁiﬁi”wmmaﬁﬁi“ﬁuiﬂiﬁuumnﬁiﬁqﬁuﬁmmmwmﬂLL@:
mmmwLﬁfﬂiﬁiuﬁ]ﬂﬁhﬁ%ﬂ@ﬁﬁ (P>0.05) andulafidusingzgn ‘Emmmmimummsmmiﬂmu 12 lefidus
filefiSusnazansiniign (P<. 05) uananildanuingnstuies dsuensinszsulsugauduwn Weumn
losTuduvdsanas (P=0.07) Fuiuanansnldewnsntszaulsiiluenng 12 wefifius dasgneiudledls il

v 1 al 901 o o 1 dld o =
AUNLAIBIUN ﬂuﬂm‘wumuuﬂmqnmwmm suszauisauluanimn EXAN

(3 o o = a d’j d” A
ﬂ']ﬂ"lﬂq.’l: 72AUTLIRU ANTINNINNTHAR ARININTIN ATINTIWLUS Zﬁﬂﬁ‘WHLNﬂ\‘iiWﬂ

Abstract

The objectives of this research were to study the influence of dietary protein levels on productive
performance, carcass quality, and meat quality of Thai native pigs. There were 24 Thai native pigs, 12 castrated
males and 12 female pigs, from Mae Hong Son province, with an average initial body weight of 21.60+5.21 kg.
All pigs were randomly allocated into 4 feeding groups fed with different protein levels; 12, 14, 16 and 18%.
Each pig was raised in an individual cage. They were fed ad libitum and given free access to drinking water.
The pig performances were recorded every 3 weeks until they reached 60 kg body weight. All of them were then
slaughtered and carcass quality data were collected. The Longissimus dorsi muscle from each carcass was
collected for meat quality study. The results showed that the productive performances of Thai native pigs fed with
different protein levels diet were not statistically significantly different (P>0.05). Carcass and meat quality were not

significantly affected by dietary protein levels in the diet (P>0.05); however, differences occurred in percentage of bone.
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Pigs fed with 12% protein diet had the lowest bone percentage (P<0.05). In addition, the pigs fed with higher protein
levels tended to have lower back-fat thickness (P=0.07). Therefore, feeding the Thai native pigs with dietary level of

protein of 12% resulted in a lower cost of weight gain than did feeding with higher levels of protein in the diet.

Keywords: dietary protein level, productive performance, carcass quality, meat quality, Thai native pig
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Table 1 Composition of experimental finishing pig diets.

Crude protein level (% dry matter basis, DM)

Ingredient
12% 14% 16% 18%
Broken rice 58.00 55.40 53.00 53.50
Rice bran 30.00 26.00 24.00 18.00
Soybean meal 8.90 15.50 15.90 20.40
Fish meal - - 4.00 5.00
CaHPO, 2.00 2.00 2.00 2.00
Salt 0.50 0.50 0.50 0.50
Lysine 0.10 0.10 0.10 0.10
Premix 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00
Price (Baht/kg) 13.75 14.41 15.51 16.27
Calculated nutrient composition
% Crude protein (CP) 1217 14.37 16.35 18.22
% Crude fiber (CF) 3.58 3.51 3.88 3.61
% Ether extract (EE) 4.21 3.77 3.85 3.27
% Total calcium (Ca) 0.54 0.55 0.75 0.81
% Total phosphorus (P) 0.54 0.54 0.65 0.66
% Lysine 0.66 0.81 0.97 1.1
% Methionine 0.28 0.31 0.35 0.38
Metabolizable energy (kcal/kg) 3,282.41 3,251.45 3,215.41 3,119.76
msmumammmmwsmn

meium‘muﬂmﬂi”mm 60 Alansu mmmuummmmmwimmmmmmmmwLmvwwumm
g1nelndes faudauATTITANN meﬂwmmmwmmm ﬂmmwmmmmm‘mm Tnefdunauresnisaingai
mlmmmu‘ﬂmﬂmmmmﬂmfmmm”LWWﬁmmmnﬂwmm‘mq wuwmﬂimﬂﬂfﬂ}nmnﬁmmﬂmmwmLLmLmumm
mummﬂwuaﬂuumm NNIUNIABENILONLADARANTILT mnsﬁqnmnﬂuummmuﬂivmm 60 B9ANTALTYE
Wwnandsesnns 2 wi udaanaugns a19angns mnummLm@ﬂu@@ﬂmnﬁmnqﬂ@ wdoldinsinviagnauazyinng
thaneanidly 2 dndaendes i faimingin daAuEneTIn uarinANAATuNIa-AsTnend L tadunen
iwdwﬂizgﬂ%‘ﬁmﬁﬁ 10-11 Tiszeiziogn 45 wiinneudsdndang tngldireasnanuunse-ang (Mettler Toledo;



52 NTANTINHATNIZAANLNGAN 2564 : 39 (1) : 49 - 56

SevenGo™ pH meter SG2, China) ﬁﬂﬂﬁifaﬁﬂuﬁnmﬁnﬂu LLﬁaﬁﬁmnmﬁuﬁﬁmLﬁuqmmﬁ 0-4 avANLTATHuA
unan 24 dalus Saanailunsa-Asteaiedunananassfissevion 24 Faluenevaadadaenasdnnanumn
lagudunaagumumnie Ae m‘“mﬂ%‘ma‘ﬁmﬂ mvﬂﬂ%‘imﬁmﬁw Lmvm”mﬂﬂ”“wm%’@mﬁm LLﬁQﬁ’]N’]W]ﬁ’]L@.EJ‘IF;I
LW'ﬂsL‘]]‘JJ?”LN‘LM'J’]NWL&’]VLWN‘L&@‘LMM ummnuummmimmmeﬂmumnmuﬁmmq N mmuunmumumw 7 Iun
nszgn laduuazmnia Hauns tsrnaudes arinn e duuen wazanuih ShawaiuivindateduFinnsidng
ﬂiv@nﬁﬂm‘qw 10-11
msnﬁu‘*ﬂ'mdaqmmwﬁ:ﬂ

Fuseshandudadunan (Longissimus dorsi, LD) mnsn’mmm%nmqﬂi“mm 1 Alansu ﬁf]mmm
mmmmqmmlmmvlﬂmu"Lf’ﬂummmﬂmmm -20 mmmmsﬁﬂmumwvmiﬂqLmﬁvmmmwm@ 18ud Andaesiie

AusasaRie wazefiFusnegaidaiszvinalgegn
ﬂ'mmmmm@m‘ﬂmmmamqLu@qﬂimmjmev‘im:mﬂ‘imﬂLﬁuiﬂug’fﬁuﬁ@mmﬁ 0-4 BANLTATER

q al
|

Hlunan 24 4ot dnileduliduduinasmundszan 1 i udniasslidudaaniangoumgivies iuean 30 WA
anthindTeaie 3 sumkiiteinunAeanineldiriesnanaie (MiniScan EZ, Hunterlab, USA) Usznaumagl
ANAINAT (lightness, L*) ANALAY (redness, a*) WazANAWAaad (vellowness, b*)
mﬁlmqwuiﬂm’wﬁum’mmmLﬁﬂﬁqavudwmiﬂi\mﬂLmvmifi“mmLLNﬁTmmuﬁfamﬁ%ﬁuwﬁﬁm Boccard
etal. (1981) Aa vifleTinunsdaandudanndaimiin (W1) udnsililussqlugedau uﬂﬂmmumqmmummmmu
Imﬂmmmu 80 asATaTEd wuLszune 30 W mfammumvmimfammu%ﬂmqLufa 70 a9ATATed mnuu
mmwma@ mfamwumﬂmmumawn"mmLLmiﬂm‘m i Imﬂmﬂm‘lum LLuu‘Lum”meumu 30 W videanunseiis
im@mmu%ﬂmqm@@mmmmﬂumm 32 B9ATALTE mﬂumqmm@@@ﬂmnm snumw:mu@lmmmnu@ﬂ WAy

ﬁﬂuﬂﬁuﬂﬂﬂﬂﬁ uummﬂumwuﬂmmmﬂ (W2) mmmuqmmﬂmummmmLmﬂmiwmwmiﬂmmWmmm GN‘L!

ca o4 % \ W1 -W2
\wWesldusinnsgoyidainszndnanisiyegn = x 100
W1

mmmmﬂmmu@wmLLm”l,ﬂmmmmml,mmmmul,uﬂ mﬂmmwm@mwummnwLﬂuLmemmmmme
m@uéfu‘mnmul,ufaLﬂmﬂw@mmmmummmm N3N9xeN9xg4 wrm'u 1x3x1 gUIATEURINAT ABtiNay 8 T
LmeiﬂqmmmemmuLu@ (Warner-Bratzler shear force) mmmmqmm:mnwmmum (Model EZ-SX, Shimadzu,
Japan) lnanuuavieidunianiuy
NM5AATIZUTaNANINEDH

N9aassidaya lne N aTuUIRE UANITONINNITNER AR INEIN Lmz@mmmf‘:faﬁwmﬁmm:ﬁ
AN (ANOVA) ANNULKEUNNIMARESLLL RCBD (Randomized Complete Block Design) Aflsesusfiu
Tuenmaiuviznmus (J 4 vsawus) wazlmaduuden (wAdFauwazInARE) LazlFaLAEUANNLANANNIENIN
NguA9eA% Duncan’s New Multiple Range Test siaaililsunsudnisagil SPSS Version 16 Tnald3s general linear model
(GLM)

NANTTANBILAZARNTOL

uammssﬁumsﬁu‘ﬁ'umnrshqﬁ'u"lufa']msrsi@ﬂmsnn']wmsm‘immqnsﬁmﬁ@ﬂwﬂ

@wrmﬁiﬁnmﬁw%‘w@mmi:ﬁu‘ﬂﬂiﬁﬂummiﬁmeﬁmﬁ’ur}iammmmwmwm’?mmz&m‘ﬁmﬁﬂqimwudﬂ
gnsitudlesdldiuamsfiflsziutsuuansaiuihimingafifiady szoznanlunsdos sasmnesyiuiadedy
(ADG) Fnnansiauionms 1Bunaemsinusedy (ADFI) smmnnalasuenvnadumin (FCR) wazsiuyu
Anawnsluniadfitinutin 1 Alansu (FCG) lHumnpNeiuneada (P>0.05) @ﬂ'ﬁtﬂ,iﬁmu@ﬂiﬁﬁummiﬁﬁmiﬁuqq
ﬁﬁ’uﬂqurﬁhmmﬂumﬂﬁuﬁmﬁﬂ 1 ﬁi@ﬂi*m@\mfhﬁunummmﬂmqqﬂsﬁﬁummiﬁﬁiﬂsﬁuﬁmdﬂ esainsmen
mmizgqmm?zﬁu‘tﬂiﬁuﬁlﬁuﬁu (Table 2) LANNIANENAKITIRAARDITLIENUTRY Liu et al, (2015) #1&¥n1sAnE

HATBIDAIIAIUTTUI N LI AUTLINATUIUWNIFRANTINNNNINARTENGNT 2 WUT A gNIWUE Landrace UaZgNs



King Mongkut's Agr. J. 2021 : 39 (1) : 49 - 56 53

g Bama mini-pigs FuilugnauieresszmeAu anuansAnsnaussan W HARTagNILE Bama mini-pigs
wudngnsTi g nsTitsruTusiiluemsuansnafutuindagavna ADG ADFI uaz FCR liumnsnaifinig
4t (P>0.05) luaniziinamsnenassiuansneiusmenues Vasupen et al. (2014) ﬁﬁﬂma‘uﬁuiﬂiﬁﬂummi
‘wLLmnmwnum@ammmwmimmLmu‘immmmwum@ﬂm (Fugnezlow AavmindEudy 6.50-7.00 Altaniu
auiltuiin 11.30-12.90 Alandy @wengnadagavnsiiiildsfiuuansneiu 4 szdu Ae 14, 16, 18 uaz 20 wedidus
‘wuci']zgﬂiﬁuﬁniximuﬁﬁummﬂﬂaﬁu 20 wefiius § ADG Lm:ﬁwﬁﬂqmﬁmqqﬁqmmﬁu 161.40 niusaduuaz
12.90 Alansu muNANAL (P<0.05) H FCR winiu 1.60 LL@zﬁﬁunummmﬂumﬂﬁ'uﬁwﬁﬂ 1 Alanduiiss 17.30 1w
lelauiugnaniassdanensiiitllsiu 14% 7l ADG winiu 120.20 nfusiedi FCR winriu 2.00 uazfunuene s
lunsdianiwin 1 Alanfuwiniu 19.80 U u@nmnﬁmmﬁnmm’lﬁmmiﬁﬁi:ﬁuiﬂa‘ﬁuumnﬁmﬁmmqmﬁuﬁ
ANUIZNARINTIENIULRY Pires et al. (2016) WUINGNTYUGNNANANAE (Duroc x Large White-Landrace) a5
@y eElssALlaRusaTu Ae 13 uaz 16 wWefifud § ADG Usz@nBnmnsldanvng (G:F) uay ADFI laiuansinariu
NWADNA (P>0.05) LAZI1E891ULAY Le Bellego et al. (2002) wmmmmmnmummw (Pietrain x Landrace- Large
White) Auammsnailsiiusneiu A 15.8, 163 uaz 20.3 wedidus fiwingams ADG srazinanaaes
waziBnnenannuliuansneimesdin (P-0.05) iesanniunmasesiiininliuaunarensneziily wu ladu
wilnlefu 3lafiu viUlny lalafedu uazandu elhifleamesianudesnisresgns uinudignanfuetung
Tel3Ausng FCR ndn (P<0.05) Qmﬁﬁummﬂﬂiﬁuqq (1.98, 2.12 Ua¥ 2.07 AINAIAL) NANA YANTL UATATUE (2560)
JMINAARLEATENMN RN ANTLN TR gnIgNHANATLAETIE (qneivudies x WugmeTu x Wugieuns)
fifhiminazwing 30-60 AlanumudnennsiniUsiuuansneiude 14 uaz 16 wesidus vivlignsdl ADG FCR uax
FuyueasuAnseTuRe gnainuetsiatlsiiu 14 wefifus § ADG wihiu 770.00 nfusiedu FOR wazdunu
Arestumsdfintmin 1 AlanfusindnAe 312 uay 38.68 LW AwANL WeuuiugnsnuemnsTiEillsiu
16 Wafidusl 7ifl ADG WirifL 680.00 nFusleu FCR wihiu 3.50 LL@xﬁfunuﬁwmmﬂumﬂﬁ'uﬁmﬁﬂ 1 Alanfuminriy
44.13 1w annaAneassienaalddssu s e wnsiuansn el uaseaussnmmnsRARBIgnTleY
araiiasanngnituileadugnanaansn g liminnensidgnnmeldn winasiuszsullsiulua gy
Rlaifluasiaaussnnimnsnaniiatuld winasesuuienslumafisimin Wesngneilésuennsiiaisiugs
MAe WAty Aadunnaegneiudledinemsazdasdanensiitsssulusiu 12 Wefdudfifteae

Table 2 Effect of dietary protein levels on productive performance of experimental Thai native pigs.

Dietary protein level (%)

Traits P-value
12 14 16 18
Weight (kg)
Initial 20.46+2.29 22.38+6.25 24.82+6.95 22.04+3.61 0.40
21-day fattening period 32.00+1.87 33.50+7.25 36.50+7.29 34.08+5.91 0.49
42-day fattening period 41.004£3.32 43.5048.74 46.69+9.88 44.83+7.72 0.74
Final 57.91+1.69 58.66+2.93 58.87+2.95 61.67+2.73 0.11
Weight gain' (kg) 37.64+3.40 36.48+5.73 34.34+5.34 39.81+2.93 0.14
Period of feeding (day) 79.50+£15.50 76.50+22.19 65.75+18.31 73.50+15.46 0.52
Average daily gain (ADG)
21-day fattening period 0.59+0.08 0.57+0.06 0.62+0.09 0.61+0.14 0.82
42-day fattening period 0.51£0.08 0.52+0.06 0.55+0.08 0.56+0.11 0.68
Whole fattening period 0.49+0.09 0.51+£0.10 0.56+0.09 0.57+0.08 0.41
Total feed intake (kg) 135.67+36.76 131.70+£26.34 118.50+£17.76  129.45+27.53 0.68
ADFI” (kg/day) 1.72410.15 1.82+0.33 1.9240.35 1.82+0.11 0.56
Feed conversion ratio (FCR) 3.61+0.87 3.64+0.60 3.48+0.43 3.25+0.55 0.65
FCG® (Baht/kg) 48.47+12.04 51.30+8.69 52.12+6.66 51.64+8.96 0.83

1Weight gain = initial weight-final weight, ADFI = average daily feed intake, °FCG = feed cost per gain (FCR*price (Baht/kg)).
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Table 3 Effect of dietary protein levels on carcass quality of experimental Thai native pigs.

Dietary protein level (%)

Traits
12 14 16 18 P-value

Number of pigs 6 6 6 6

Slaughter weight (kg) 58.17+1.97 59.92+4.18 59.62+3.50 62.75+£3.27 0.28
Hot carcass weight (kg) 41.80+2.45 44.05+2.61 43.41+3.50 43.49+2.71 0.27
Cold carcass weight (kg) 40.70+2.58 42.26+2.73 41.79+2.54 42.66+2.49 0.59
Carcass length (cm) 75.30+5.68 76.13+4.84 77.70+2.78 80.30+3.51 0.1
Hot carcass (%) 71.84%2.72 74.87+3.76 73.42+3.87 71.85+2.65 0.37
Lean (%) 44.7042.12 43.93+1.59 45.31+4.50 43.92+1.38 0.82
Bone (%) 11.99+1.44° 12.77+2.05%° 13.52+1.15% 14.55+0.92" 0.03
Fat (%) 23.74+3.76 23.50+3.60 22.54+3.36 22.43+1.71 0.72
Loin eye area (cm’) 14.64+1.15 14.64+1.75 15.97+1.52 17.19+1.67 0.12
Backfat thickness (inch) 1.51+0.26 1.48+0.09 1.43+0.20 1.24+0.14 0.07

Different letters in the same row indicate significant differences among mean values.

Table 4 Effect of dietary protein levels on meat quality of experimental Thai native pigs.

Dietary protein level (%)

Traits P-value
12 14 16 18
pH451 6.07+0.08 6.09+0.27 6.16+0.33 6.03+0.29 0.90
pH242 5.44+0.05 5.48+0.02 5.51+0.04 5.48+0.04 0.16
Color’
L* 56.44+£2.12 56.74+3.95 56.69+3.97 53.31£1.89 0.39
a* 6.51+0.96 5.62+2.25 4.99+1.17 5.86+1.09 0.44
b* 15.13+£0.57 14.58+0.78 14.60+1.57 15.041£1.01 0.81
Shear force (kg) 5.42+0.74 5.68+1.31 6.07+£1.07 5.50%0.75 0.74
Cooking loss (%) 21.06+2.05 22.1346.73 20.39+5.02 19.64+1.28 0.87

1pH45 = pH value at 45 min post-mortem, 2pH24 = pH value at 24 hrs post-mortem, Slr= lightness, a* = redness, b* = yellowness.
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Effect of Growing Seasons on Growth and Yield of Early Maturing Jerusalem artichokes
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Abstract

The aim of this study was to evaluate the effect of growing season on the growth and yield of 10 types of
early-maturing Jerusalem artichokes. The experiment was arranged in randomized complete block design (RCBD)
with four replications for two seasons (late rainy season in 2017 and early rainy season in 2018). Data on eleven
agronomic and physiological traits were collected. A homogeneity test and combined analysis were done to
compare the data from both seasons. The results showed that the artichokes from the two seasons differed
significantly in terms of first flowering date, fifty percentage of flowering, harvest date, SCMR, height, shoot fresh
weight, tuber width and total soluble solids. The genotypes of the Jerusalem artichokes also showed statistical
differences with agronomic traits. Growing in the late rainy season produced artichokes that had faster flowering,
harvest date, higher SCMR, tuber width and total soluble solids than did growing in early rainy season. However,
growing in the early rainy season produced faster vegetative growth. Genotype JA 5 had the least days to maturity
in both growing seasons. However, based on yield performance, genotype JA 37 gave the highest yield in both
growing seasons and had the highest total soluble solids in both growing seasons. Therefore, it is a promising

genotype for introducing to farmers in the future.

Keywords: Jerusalem artichoke, early maturity, agronomic trait, physiological trait
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Table 1 Mean squares from combined analysis of variance for agronomic and physiological traits of 10 early maturing Jerusalem artichokes.

39(1):57-64

SOV of First 50% Days to SCMR Plant Shoot fresh Tuber Tuber %Brix I-::rdv:Xst Fresh tuber

flowering flowering maturity height weight width length (HI) yield
Season (S) 1 3328.20* 2080.80* 21125.0* 168.045* 3115.01* 56210000** 0.36721*  11.7965™ 263.364* 0.26496™ 11.5730™
Rep 3 5.33"™ 33.45™ 242.3™ 19.832™ 30.99* 341167™ 0.04410™  0.9184™ 15.171™ 0.05125™ 3.6961™
Rep within season 2 24.27 118.32 317.3 15.278 0.80 446437 0.06280 14.4152 6.984 0.01819 2.7229
Genotype (G) 9 316.60** 368.04** 68.8* 24.375** 1518.40** 40730000**  0.92248**  6.7724** 30.547** 0.11704** 2.4426**
SxG 9 322.01** 428.88** 27.7™ 9.536™ 388.31** 16640000**  0.08734**  9.5894** 5.455" 0.02410™ 0.5864™
Pooled error 45 23.06 2515 31.6 8.185 47.32 1885354 0.02667 1.5319 3.625 0.01203 0.7684
CV (%) 7.8 7.1 4.7 5.8 9.1 451 10.5 16.1 9.1 171 36.7

ns, *, ** = non-significant, significant at P<0.05 and P<0.01 level, respectively.
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Table 2 First flowering, fifty percent of flowering and days to maturity of 10 Jerusalem artichoke genotypes in late

and early rainy growing seasons.

Genotype First flowering (days) 50% Flowering (days) Days to maturity (days)
Late (2017) Early (2018) Late (2017) Early (2018) Late (2017) Early (2018)
JA4 48.7abc 68.8de 61.0abcd 74.5¢ef 100 152
JA 5 39.7c 63.0fg 51.7cd 72.0f 89 148
JA 21 43.0c 65.8ef 52.7cd 71.3f 93 152
JA 36 43.3bc 61.39 47.7d 67.5g 90 148
JA 37 45.7abc 71.3cd 55.0bcd 78.0de 96 153
JA 38 52.7abc 74.0bc 65.3abc 79.8d 96 150
JA 53 45.7abc 95.5a 56.3bcd 99.3b 104 154
JA 122 56.7ab 75.0b 68.0ab 83.8c 94 150
HEL 231 41.0c 95.5a 47.3d 106.0a 94 157
CN 52867 57.7a 72.8bc 73.7a 78.5d 91 152
F-test * * * * ns ns
CV (%) 14.8 3.2 12.7 3.1 6.9 3.2
Season 47.4B 74.3A 57.9B 81.1A 97B 151.5A
F-test * * *
CV (%) 7.8 71 4.7

ns, ¥, ** = non-significant, significant at P<0.05 and P<0.01 level, respectively.
Means within columns with different lowercase letters are significantly different (P<0.05).
Means within row with different uppercase letters are significantly different (P<0.05).

Table 3 SCMR (SPAD chlorophyll meter reading), plant height and shoot fresh weight of 10 Jerusalem artichoke
genotypes in late and early rainy growing seasons.

Genotype SCMR Plant height (cm) Shoot fresh weight (g/plot)
Late (2017) Early (2018) Late (2017) Early (2018) Late (2017) Early (2018)
JA4 49.4 46.2 66.6b 86.2c 1,191.1bc 4,430b
JA D 50.1 45.7 59.5b 68.8c 693.3c 2,056bc
JA 21 55.8 46.3 43.6¢ 75.6C 644.4c 1,406¢
JA 36 481 46.0 38.8c 54.0d 382.2¢c 2,067bc
JA 37 54.7 48.3 65.2b 99.7a 831.6¢ 3,921bc
JA 38 50.4 48.6 56.2b 97.9a 1,212.9bc 2,477bc
JA B3 47.5 44.4 91.9a 97.0ab 2,644.8ab 12,090a
JA 122 48.0 45.6 62.3b 102.9a 1,105.2bc 4,047bc
HEL 231 495 45.0 88.1a 92.6ab 3,268.4a 12,017a
CN 52867 51.2 48.2 65.1b 104.0a 1,107.7bc 2,706bc
F-test ns ns * > * >
CV (%) 7.6 4.2 10.2 8.1 64.6 34.6
Season 50.5A 46.4B 63.7B 87.8A 1,308.2B 4,721.6A
F-test * . .
CV (%) 5.8 9.1 451

ns, *, ** = non-significant, significant at P<0.05 and P<0.01 level, respectively.
Means within columns with different lowercase letters are significantly different (P<0.05).
Means within row with different uppercase letters are significantly different (P<0.05).
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miﬂ@nLmuquuiuﬂ@wqmrzlumﬂmmuquuwwmmiumnmm@ﬂ@nmuqmr:Jumemn%mmmnmwm
WununzdunAnm (Table 4) Immiﬂ@nﬂmmqmtJuLmuquuummmwmLmﬂ@w 1.8 URAWAT uaziAas
Winfiu 1.4 mummmm@ﬂ@ﬂmuqmm mmwummumummmmm’l‘wmm 2 gatlan Ae WG JA 53 uay HEL 231
at1elafimangugnlaivinlirannensaesibuniuazduuanseiuneaia Lmﬂ@nmuqmcluummmqm@ﬂmmu 8.5
MR RS mmmmmmqmmmLmumuqumaﬂmﬂmﬂqmﬂluaﬂ‘w 7.7 AR aneuguriunz Tunaens lumsgn
a2 091gn Aie JA 36, JA 5 uaz JA 21 mﬂmiﬂﬂ‘mmm Janket et al. (2016) TinmdeLuiuAL L 40 AN  lane
qmclumqmm@w,mu WU Lmumuwuﬁmmummmm’m‘mLfa@mmﬂu 1.9 iTURINRT uazANENITLRARYINTL
6.3 UAWAT foUgnuazaraufununziuinasie AN LTI uAZ Y annsfaLBinneesudaiiazanarinlé
wudn netgnianengauiniununsduiiaanumaugendnsug g fAnAnamuaAnwiniy 23.4 Wefidusl uaz
17.4 wafidus muaay awﬁuﬁuﬁumﬁuﬁﬁmwwnu@g"l,w,ﬂmmr@;q%\i 2 gaUgnlaun JA 4, JA 21, JA 37, JA 38
LA CN 52867 (Table 4) dedaugiarunisdnmnae Puangbut et al. (2015) ‘17%LLE“?;ILILﬁﬂuﬂ?‘u’]mﬂlmLﬁﬂﬁ@“’@’mﬁl’ﬂﬁg}/
PRIUAUAZTUAUENITAT 4 @neiug wudn m?ﬂ@ﬂﬂmaqmﬂJum‘L‘mLmuquummmmmu@ﬂmqmaﬂmmuqmclu
@m\ﬂiﬂmmwuﬁLmumunmwmmﬂuwummmnuﬂumwme 1 9iug AUl REadeeiu B inasiuaz
mnmum@mmwmimnvmn naape mﬂﬂ@ﬂwﬂuamwLLmLmefaqﬂﬂ@ﬂwuﬂ?mmum@ﬂ AEINHA NI
mmﬁmaﬂ@n‘lummwmwmum whadiinauinn Weedesiumssnmdadndmeluadresiinlnanszuauns
‘Vlmmmmmﬂﬁmﬂm A® osmotic adjustment (Kour and Bakshi, 2019)

Table 4 Tuber width, tuber length and brix of 10 Jerusalem artichoke genotypes in late and early rainy growing

seasons.
Tuber width (cm) Tuber length (cm) %Brix

Genotype

Late (2017) Early (2018) Late (2017) Early (2018) Late (2017) Early (2018)
JA 4 1.6cd 1.4bc 7.2bcd 7.4b 26.3a 18.9ab
JAS 1.8bcd 1.3bc 9.7a 8.3b 23.6abcd 16.6bcd
JA 21 1.9bc 1.2¢c 9.9a 8.0b 24 .5abc 17.7abc
JA 36 1.1e 0.7d 8.7ab 14.2a 20.5cd 19.2a
JA 37 1.7bcd 1.5b 7.7bc 7.3b 25.8ab 18.8ab
JA 38 1.5d 1.4bc 7.8bc 7.7b 25.7ab 19.0ab
JA 53 2.5a 1.8a 4.6e 8.3b 19.4d 14.4d
JA 122 2.0b 1.7a 8.6ab 7.6b 21.7bcd 15.9cd
HEL 231 2.4a 1.8a 5.9de 8.2b 20.6¢cd 14.3d
CN 52867 1.6cd 1.4bc 6.5cd 7.6b 25.6ab 18.8ab
F-test . . . wx ok .
CV (%) 104 10.1 12.7 16.4 10.1 8.8
Season 1.8A 1.4B 7.7 8.5 23.4A 17.4B
F-test * ns *
CV (%) 10.5 16.1 9.1

ns, *, ** = non-significant, significant at P<0.05 and P<0.01 level, respectively.
Means within columns with different lowercase letters are significantly different (P<0.05).
Means within row with different uppercase letters are significantly different (P<0.05).

qmﬂaﬂwm\muvl,wﬂumumimummmfmLmumuumﬂmqnummmm LusﬂuLLm‘Eumwm@ﬂ@ﬂﬂmﬂqmﬂu
mlmmuquum‘numimummmndwmuqmlu (Table 5) TedBAARBIALNTANEITB Puangbut et al. (2015) wuan
miﬂ@ﬂﬂmﬂqmr;Juwﬂmmuquuumumamummmmwmuqmdu mﬂwuﬁ‘wuLLquummumamummmm 2 qaign

Iaun ‘Wuﬁ JA 4, JA 5, JA 36, JA 37, JA 38 uar CN 52867 naAe LﬂumawuqLmummuwmmmmﬂmm‘ms



King Mongkut's Agr. J. 2021 : 39 (1) : 57 - 64 63

anuadannliiudowinvzanandnlan  uazainnisdunarespdag wudn  unuszduliansudendiadn
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wequiunzdulutlanangeuminiu 1.4 susels uazdungeluwingu 1.9 susiels mﬂﬁuﬁmﬁmmﬁm@,qﬁ@m%\i 2 qeilgn
7o JA 37 fuandniedeludarangu 9 2560 uazdungelu T 2561 Wil 1.8 uax 3.6 Fusels AuAL usanne
Lﬂ?ﬂuLﬁﬂuﬂ?mmmmammLLﬁumvd’uﬁuﬁ’m?ﬁ’q 4 mﬂﬁuﬁﬁﬁwffmmumumm Puangbut et al. (2015) wuan
miﬂ@ﬂﬂmﬁqm[:Ju‘wﬂ‘wLmumummm@mmm’]miﬂ@ﬂmuqmtlu sm'mqLﬂuiﬂimqwnﬁiﬂ@nmuqmtJuLmumuNI@mm
Anlsalauninfidanugainiden Sclerotium rolfsi mnmﬁm?ﬂ@ﬂﬂmﬂqmﬂlummqmumiummvmmmsmmia‘m

Table 5 Harvest index (HI) and fresh tuber yield of 10 Jerusalem artichoke genotypes in late and early rainy growing

seasons.
Harvest index (HI) Fresh tuber yield (t/rai)

Genotype

Late (2017) Early (2018) Late (2017) Early (2018)
JA 4 0.86 0.54ab 1.5abc 2.2abcd
JAS 0.91 0.66a 1.7ab 1.6bcd
JA 21 0.84 0.55ab 1.0bc 0.9cd
JA 36 0.87 0.45bc 0.8c 0.7d
JA 37 0.87 0.66a 1.8a 3.6a
JA 38 0.79 0.72a 1.7ab 3.0ab
JA 53 0.59 0.23c 1.2abc 1.5cd
JA 122 0.82 0.58ab 1.7ab 2.2abcd
HEL 231 0.66 0.21c 1.4abc 1.4cd
CN 52867 0.78 0.65a 1.5abc 2.4abc
F-test ns * * *
CV (%) 14.6 19.9 24.4 48.8
Season 0.8 0.5 1.4 1.9
F-test ns ns
CV (%) 17.1 36.7

ns, *, ** = non-significant, significant at P<0.05 and P<0.01 level, respectively.
Means within columns with different lowercase letters are significantly different (P<0.05).
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Overfishing Trends in a Swimming Crab Population

in a Small-scale Fishing Ground, Chonburi Province
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Abstract

The assessment of overfishing is a challenge because it is a complicated and time consuming process.
Nevertheless, knowledge of the types of overfishing that occur in a fishery is valuable information for management.
This study proposed a short-term and simple approach to identifying trends and types of overfishing in a data limited
situation. Collectively, the results indicate that the fishery under study is trending towards overfishing because
the proportion of the immature individuals in the catch has reached around 68%. Furthermore, the results show that
male and female crabs had different forms of overfishing. Whereas the female swimming crabs were at risk of
‘recruitment overfishing’, the male crabs were experiencing ‘growth overfishing’. Moreover, the results suggest that
mesh size regulation may not be appropriate for successful management because it is inconsistent with the nature
of fishing practices. The catches from the fishery comprise mainly immature fish. If larger mesh size regulation
were enforced, the yields could be drastically reduced to as low as 36.50% of the usual catch. Such restrictions
could result in the failure of the fishery and its management because the fishers would likely not abide by them.
Seasonal fishing closures are potentially appropriate. A closure needs to be short and applied at the times
and places that will benefit the crabs that are susceptible to overfishing. Given the situation where fishers are

made aware of the fishery’'s resource crisis, closure regulations could possibly be accepted.

Keywords: overfishing, fishery management, swimming crab, mesh size measure, small-scale swimming crab fishery
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Figure 1 Crab sizes were measured as the external carapace width (CW), which is the distance between lateral

spines of the carapace using vernier caliper.

Figure 2 Abdominal flap of male swimming crab, firmly attached to cephalothorax (a) and loosely attached to

cephalothorax, which is able to be moved apart from the body (b).
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Figure 3 Percentages of mature and immature individuals, categorized into both sexes, female, and male.

The percentages are relative to the total number of 1,104 observations.
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Figure 4 Size frequency distributions of sampling mature and immature female swimming crabs sampled from
the crab fishery in a small-scale fishing ground, Chonburi province during March 2010 - March 2011.
The overlapping area shows the members of the two groups having similar sizes.
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Figure 5 Size distribution of male swimming crabs sampled from the crab fishery in a small-scale fishing ground,
Chonburi province during March 2010 - March 2011.
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Fresh Vegetable Consumer Perceptions; Understanding and Trusting

Participatory Guarantee Systems Labelling
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Abstract

Participatory guarantee systems (PGS) have created opportunities for smallholder farmers to access
the organic market, and PGS labeling is used to provide information to consumers. This paper explored
fresh vegetable consumer perceptions, understanding of and trust of PGS labelling. A survey of 608 respondents
was conducted in Bangkok and Nakhon Pathom. Descriptive statistics were employed; Mann-Whitney U and
Chi-square test were performed. The results showed that 16 percent of consumers were aware of PGS labelling
while 21 percent understood it. Consumer trust of PGS labelling was less than consumer trust for organic and
good agricultural practices (GAP) from government standard certification and other International Organic Farming
Federation standards which are certified by private institutions. Consumers who were aware of and understood PGS
labelling had higher trust levels than others. Pesticide safe and organic fresh vegetable consumers were more likely
to be aware of and understand PGS labelling, and moreover they had a higher level of trust than others. The results
suggest that the government and private sector should develop marketing communication strategies for PGS

to improve awareness and understanding of it so that consumers will place more trust in it.

Keywords: participatory guarantee systems, organic, consumer perception, consumer trust
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Figure 1 Labels used in the study.
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Table 1 Data collected according to provinces and outlets.

Bangkok Nakhon Pathom

BKK1 BKK2 BKK3 BKK4 BKK5 BKK6 Total NP1 NP2 Total

Fresh market 17 17 18 16 17 17 102 51 51 102
Green market 18 17 17 16 17 17 102 50° 50 100
Supermarket/hypermarket 17 17 17 17 17 17 102 50 50 100
Total 52 51 52 49 51 51 306 151 151 302

® at Mahidol university.

BKK1 = Phaya Thai/Pathum Wan, BKK2 = Chatuchak, BKK3 = Suan Luang, BKK4 = Khlong Toei, BKK5 = Bang Khun Thian,
BKK6 = Taling Chan.

NP1 = Muang Nakhon Pathom, NP2 = Sam Phran.
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Iaun mﬁu;jmmﬂsnfamnﬂ@@mmmmn@uma (safe buyer) ) uazlslireerinilaensituazdnausid (safe nonbuyer) 34
SUAUFIDLN 512 318 WA 96 318 ANNANAL ElanageUda Chi-square test W91 Ngu safe buyer HdnANANTYS
wnnndNgx safe nonbuyer WAZAIN Mann-Whitney U test wdn nal safe buyer flangifaandn fdndawudianm
TusyauBoyaysisuazgandnlEoyayiss wazilnelgasBeusasnuanaininlnaeaannndn ngu safe nonbuyer
(Table 2)

Table 2 Socio-demographic characteristics of respondents.

Safe nonbuyer Safe buyer Pooled [P-value]
Sex (%)
Female 68.75 82.23 80.10 [0.002]*
n 96 512 608
Age (years)
Mean (SD) 44.35 (14.98) 40.70 (13.46) 41.27 (13.76) [0.026]"
n 96 512 608
Education (%) [<0.001]°
Primary school and below 29.79 12.03 14.81
Secondary school 27.66 18.93 20.30
Diploma 8.51 8.68 8.65
Bachelor's degree 26.60 43.39 40.77
Higher bachelor’'s degree 7.45 16.96 15.47
n 94 507 601
Household income per household members (baht/month)
Mean (SD) 13,678 (22,505) 17,095 (16,637) 16,573 (17,679)  [<0.001]°
n 87 483 570

° Chi-square test, ° Mann-Whitney U test.
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299 1317 LAIALRAEN Lmzlﬂmﬁﬂﬁrﬁﬂa (2559) Roitner-Schobesberger et al. (2008) waz Sangkumchaliang and
Huang (2012) enaluimenz Qmark waz OT WunmsgIuszALTATBINATTRsHA N InAsLIuRa ARUAINUAY
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Table 3 Perception and trust of labels on fresh produce of respondents.

Have seen Selected correctly Trus.t
before (%) n answer (%) (1°5 points) n
Mean (SD)

Qmark
Safe nonbuyer 2917 96 16.67 96 3.35(1.16) 95
Safe buyer 55.86 512 30.33 511 3.73 (1.00) 509
Pooled 51.64 608 28.17 607 3.67 (1.04) 604
[P-value] [<0.0017° [0.006]° [0.004]°

oT
Safe nonbuyer 27.08 96 13.54 96 3.71 (1.15) 95
Safe buyer 53.52 512 34.64 511 3.91 (0.96) 510
Pooled 49.34 608 31.3 607 3.88 (0.99) 605
[P-value] [<0.0017 [<0.001]° [0.155]°

OACT
Safe nonbuyer 9.38 96 18.75 96 3.38 (1.17) 96
Safe buyer 14.09 511 25.44 511 3.49 (1.05) 510
Pooled 13.34 607 24.38 607 3.47 (1.07) 606
[P-value] [0.213]° [0.161] [0.381]°

IFOAM_OACT
Safe nonbuyer 2.08 96 20.83 96 3.74 (1.05) 96
Safe buyer 14.31 510 43.05 511 3.98 (1.05) 509
Pooled 12.38 606 39.54 607 3.94 (1.05) 605
[P-value] [0.0017° [<0.0017° [0.020]°

PGS
Safe nonbuyer 16.67 96 17.71 96 3.60 (1.05) 95
Safe buyer 15.46 511 21.37 510 3.60 (1.09) 508
Pooled 15.65 607 20.79 606 3.60 (1.08) 603
[P-value] [0.765]° [0.417]° [0.799]°

° Chi-square test, ° Mann-Whitney U test.
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mmfjﬁﬁﬁiﬂmﬂLﬁuLL@”LﬂTﬂ@mwwmﬂu’mﬁm (Table 4) FALANNIANEN AR AL U317 LEIAIRREN LAY
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Table 4 Consumers trust of PGS label by consumers perception and understanding.

Selected Selected
Haven't seen Have seen
[P-value]? incorrectly correctly answer  [P-value]®
before (%) before (%)
answer (%) (%)
Trust (1-5 points)
Mean (SD) 3.543(1.082) 3.905 (1.022) [0.004] 3.520 (1.126) 3.905 (0.824) [0.001]
n 508 95 477 126

® Mann-Whitney U test.
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Readiness and Satisfaction of an Agriculture Application Prototype on Smartphone

4n9h deddainsza’
Supawadee Chaivivatrakul”

UNAnga
NUAdINIRgUszasAan AL 1IN s annsa TnuuenAindud uiuni i nsie e ansresg N Ty

o~ ¥ ¥ o a A = S < ¥ A =<
wneasaauls Tnelduuuasuninwazanfalnunelndndusiuiuuiduarasialunisfiusumudayantauenia
AN Az AN INe lATas RN RS U ResT Rt auls sanendtauaasnil §3duvinisdiana
wazAnHTaLaAINAwINEReLLILABLNNMEANNANATIA 169 AW NUTHANNTaNAugUnIn] 89.9 e fidus
= = ' a o Y v a 1 ! dl v d’l U dl v !
Hauienalalunmeusdeuandndusiuuunluszduanin  tesutadusiefsduien 4.60 AnaduR1udI
Ansiald 4.46 uazAadasiuANaulalunsldinu 4.38 anuanisAnmssyladiguaunemsresnininaanuls
fanundenlunnsfinsiedesnsuaznisutiiudeyalugemnanisdeansuuuasnsavuielnawdu Asaglumieluns
Wannuetnanduladn guaunemnsaauldianunianiazauisnelalunisldonuannsalnuuelnandunditiam
NWMINHAT  wazWLIIEANAIANI AN N TuIz AUl wazdaseanisusgelalunisldeuueiingindu
Anwnueil

o

AdAty: luunaualwaledu nnsinems nARziueaniaamta Anunian Auiawala

Abstract

The objective of this research was to determine guidelines for the development of smartphone applications
to facilitate communication among members in the lower northeast agricultural community. Using questionnaires
and a smartphone application, the prototype application is a tool for collecting data indicating the readiness and
satisfaction of members of agricultural communities who visited the Kaset Esan Tai Fair. The researcher conducted
a survey and studied data from 169 volunteers. It was found that 89.9% of the respondents had smart phones and
those respondents expressed their overall satisfaction with the prototype application at a good level. The average
scores of satisfaction for various features of the application were as follows: content scored at 4.6, interface at 4.46,
and interest of use at 4.38. From the study, it could be understood that the members of the agricultural communities
in the lower northeast were ready to communicate and share data via a communication channel like the prototype
smartphone application studied. Furthermore, the study showed that community members had a certain level of

aesthetic expectations about the application, and steps might need to be taken to motivate potential users.

Keywords: smartphone application, agriculture, Northeastern, readiness, satisfaction
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Figure 1 Data survey by questionnaire in Kaset Esan Tai Fair, Ubon Ratchathani University.
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Figure 2 The smartphone application prototype, process, and structure.
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Table 1 The information of the respondents in Kaset Esan Tai Fair, Ubon Ratchathani.

Respondents
Items
Number Percent (%)
Province 169 100.0
Ubon Ratchathani 110 65.0
Others 59 35.0
Sex
Female 110 65.0
Male 59 35.0
Hardware
Personal computer
Yes 131 775
No 38 22.5
Smartphone user
Yes 152 89.9
No 17 10.1
Tablet user
Yes 47 27.8
No 122 72.2

uau g liuawn 152 au dszneudaalldenuanifmiuieunsessalad 120 AL (79.0%) uaz
glisuandminulalaeaslod (10S device) 32 Al (21.0%) uanslins Table 2

Table 2 The survey data on smartphone types.

Respondents
ltems
Number Percent (%)
Smartphone user 152 100.0
Android device 120 78.9
iOS device 32 21.1

Tuswuglduuivanawu 47 au dsznaumedldauuividnuaunsessmlod 31 AW (72.0%) wag
lisuuwivianlelawanlad 13 A (28.0%) uanelins Table 3

Table 3 The survey data on tablet types.

Respondents
ltems
Number Percent (%)
Tablet user 47 100.0
Android device 34 72.3

iOS device 13 27.7
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Table 4 wansuansUszifiuanianalazesaunsmivuuendindusiuwuy uaz Figure 3 uARIUNUAH
a o =< ' v v d’/ a dl o 1 v a Y @ U
Whauwauszauanuienelaluwsazdu Inaduiemda1eds 4.60 Azuwu Anegluszduann uangliidiud
amdaNnaulaNn AMUANNAINEAYTRAE 4.46 AzuLW AnaluIzAUR wansdiAlsinnseanuuyiaden
=2 ' ngll 1% 1% ' = o 1 o o R o
wazhenarNaulaninndnl Aueainaulalunisldinuaieds 4.38 Azuuu Anetflussdun dadudouinldnzuum
taaige wansirdpeunuugauninianaulalunisldiuluss Auaussasasnisusqelalunisldau

Table 4 The evaluation results of satisfaction of the prototype application.

Very good Good Acceptable Fair Poor _
ltems X SD
5 score 4 score 3 score 2 score 1 score
103 65 1 0 0
Content 4.60 0.50
60.9% 38.5% 0.6% 0.0% 0.0%
Goodness of user 90 68 10 1 0
4.46 0.64
interface 53.3% 40.2% 5.9% 0.6% 0.0%
86 62 21 0 0
Interest of use 4.38 0.70
50.9% 36.7% 12.4% 0.0% 0.0%

The prototype application satisfaction
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Figure 3 Bar chart of the evaluation results of the prototype application satisfaction.
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