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Testing of Promising Field Corn Hybrids for Recommendation of Growing

after Rice Harvesting in the Upper Northern Provinces
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New field corn breeding program was initiated, to fucus good hybrids availability in paddy field
harvested areas in the northern parts. The number of on farm trials conducted four provinces covering
area of Chiang Rai, Phayao, Phrae and Lampang, performing dry season in 2020. The eight promising
hybrids were tested, viz., UPF286, UPF205, UPF227, UPF223, UPF269, UPF282, UPF155 and UPF319.
Phayao province, those hybrids were averaged 1,580 kg per rai. The comparative varieties were
Department of Agriculture, Kasetsart University and private companies, viz, 1,580, 1,389 and 1,462 kg
per rai. The results from Chiang Rai province that was equal to 1,537 kg per rai. Likewise, Department
of Agriculture, Kasetsart University and private companies were 1,279, 1,498 and 1,444 kg per rai.,
respectively. Similarly to Phrae province, yield was 1,556 kg per rai. In addition, 1,363, 1,558 and 1,400
ke per rai were checks. As well as, Lampang province was 1,567 kg per rai. While, the comparative checks
were 1,315, 1,520 and 1,479 kg per rai. Confidentially, the promising hybrids evaluation of the efficiency
selected. Four hybrids were chosen. Namely, UPF286 and UPF282 are medium harvesting varieties.
While, the early harvesting varieties are UPF227 and UPF205. Indicating determination of its are suitable

pushing for further breeding or commercial varieties in the future.

Keywords: field corn, after rice, upper northern, promising hybrids, yield
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ALAUTEAULUAUNYATNTIIUIY 8 A HaY Laun
UPF286, UPF205, UPF227, UPF223, UPF269, UPF282,
UPF155 wag UPF319 Wudndaninngienlinandn
Aoy 1,580 an./ls vauzdiugiusuidiou
a1nnsuIBINNSINEAsIRABINAU 1,389 nn./ls 970
UM INgdBnwRsAanildevindu 1,521 nn./ls

LAYINNLENTULAA UAU 1,462 An./ls Tandn

a

Jesselinandmadowindu 1,537 nn/ls vasil
Wwul3suiisuainnsuivinisinunsied ewinfu
1,279 nn./ls a1numine deinunsmansiaie
Wiy 1,498 nn/ls wazannenvueasintu 1,444
nn/l3 Staunslinandnndemiaiu 1,556 nn./l9
ynurufsuisunnnafvnaneasadoyinty
1,363 nn./l3 MnumInerdeineasmansindesintu
1558 nn/ls way annwenwueaswiiu 1,400 nn./ls
wazdaninarslinandnadewiiu 1,567 nn./ls
g suisunnnafvnanuasadoyinty
1,315 nn/l3 numinerdeineaseansiadesintu
1,520 nn./l9 wavanensuadswinty 1,479 nn./ls
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Uhunana Téun UPF286 way UPF282 vauzfingusiug
0719w Téun UPF227 way UPF205
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fufiviiun ngluaedeidutnnzdgniniie
Jazads anduiiufigniisliiavalasusaain
nsldUselov fefinnsugniidludiamdaiondn
Wugrenailiisanedmivlgnitvsing uld
(Boonpradap et al., 1989) iwflwangan fio duAswgia
Y1 lwe warN UK nYd a1 9 (Lantican, 1982)
neusfunlsuganiiuiinsyiunuss flosandaym
nMsvaneaud Felddnsuuzidilfinunsnsiuan
Ugniigilduindeslngianeiials d1alnadosdnd
(Field com) ihuitmemugiafidndny Tl we. 2561/2562
dA uf nsudn 6,929,900 19 1udl uil 1iuLA o7
6,894,668 13 NaA T IUsEIMAUSEIN0 5,069,413 Ay
Tnsnamilefifiuiiugnunnilanwintu 4,682,925 13
Aondu 68% voeil uitsiseina uazlinanin
WU 3,621,996 du Aadu 68% vodnandn
ﬁgﬂﬂizmﬂ (Office of Agricultural Economics, 2018)
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NUNLTD 52UUTINLT T SnuaEnsaduiiduay
wawss sunusialsavnglulan usu
2. ‘Uqﬂmaa‘uwawﬁmﬁ'aﬂimﬁuqﬂwau
sfuiufilieudeulussfundannunsnsluiiud
mawdonsuvy iemuggnnauinuiidnenin
Aifigaifion1snangnuausioly
3. n1svuindeya AIINE (cm) ALY
WHausasuNgn (1-5) dnwazsiu (1-5) M3fawdny
fatanefln (1-5) dnwagnisiinlsanislu (1-5) seuy
590 (1-5) Sraumdasiedy (no.) thudnusn (9) W
ganABNeIE 50% (day) Tueenivu 50% (day) Ay
178N (cm) AUndEln (em) Suilnsedu (no.)
anwaziUdonyuiudn (1-5) hntniln (ke) AT
youludavaiziiuiAen (%) Wosidudnisnzimie (%)
waznananmals (kg/rai)
4. mMsugnuaznsguasnwm
1) nsUgmaieuudasldszezugn
20x70 %3l PUIALUAIEDEE 5 lUAT TIUIU 3 uad
2) msﬂﬁﬂ’ﬁ@,ua%’ﬂwﬂdﬂmmﬁu 15-
15-15 89151 50 nn./ls waglde 46-0-0 8931 30
nn /15 et alnmong 3 Ui Jestuuaziidn
Tyglaansaanuansiaiinrunuiviivnauden
3) Mawssuwanlunisugnalsnandae
arsdfeatuidalsnsunde Metalaxyl §ns1dau
7 n$u Aowdatalng 1 Alansu neudgn
1) myUgnmsgnudnlagltiaiosuan
shile noenwdn 2 waasonqu Wedlneeny 2
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5) A1531AS1EYANLYSUTIN 19n1s
T4AT18MT03a (ANOVA) 1MUHUNITNARDILUY
Randomized Complete Block Design 10 o1
R-Program version R 2.11.0 (R Development Core
Team, 2010) WAILATIEVANLANAIIVDIALRAY
1m838 LSD (Least Significant Different)

6) @o1ufiviinismaassussneunae 1)
LUAIVARBINTNINGIAENLLYN e 2) WUalunuATNS
NaIN15MIUT (On-farm testing) 99N AN e
W18 UWWS wara1us syezian 1 U (w.A. 2563
04 2564)

NAN1599¢

N1SWUSHULTBUHNANANYNHANTEAUUUAUNEATNS
(On-Farm trial)

U w.e. 2563 gauds (2020D) lariiiunis
Ugnnageunaninluseauliainynsns 31u7u
8 Wug Usenaurie UPF286, UPF205, UPF227,
UPF223, UPF269, UPF282, UPF155 wag UPF319
fafuiusnsfns i 16 g Tuituil 4 Smde 4 az
4 aonudl auiadu 16 anudl Idun weien Jease
uns uazaUns deldviinnsugnuaziiuiieananan
wSedu Inediseasdondll

NuiidamTanzien 8 auanlsinananszwing

s

1,215-1,987 nn./ls waswiniu 1,580 nn./lg Wus

9

a

N3uT¥INTNEATNIAY 1,389 nn./ls Wug
WMINIFBNATAIEASIYINAY 1,521 nn/ls way
WugmsdLonvuwingy 1,462 nn./ls vasidnuwue
MINTNYRsTdETY e Tusenaendifeglurig 60-
67 1u Tusennenddeagludie 61-68 Ju Azuuu
Hnuaziudoniuilineglugae 1.2-2.0 wWedidus
neimzaglurag 77-83 Wedldust uazaruduwdn

vaupiuReoglutis 22-28 Wesidus (Table 1)

Nudi SanTadoesne 8 guanlinanan
sewine 1,226-2,011 /13 wdewinfiu 1,537 an/ls
WUTNIUIVINTNYATIAAY 1,279 nn./ls Wug
UUNINYIFELNEATAERS AU 1,498 nn./lS wag
Wugn1sAenvuwiniu 1,444 nn./ls YUz idnway
naMsinunsidndy Ao Tueenaendafegluyas
60-67 Tu Tusannendudueyluyie 61-68 fu
Azuuuinaglugie 1.3-2.0 wazidenviuilnogluyis
1.0-2.0 Wesidudnzimnzeglugig 75-85 wWesidud
wazaufudavigifuid oreglurag 19-27
\Wosigud (Table 2)

NudiTanTauns 8 Ananlinandnszning
1,389-1,740 nn./l3 W@dewindu 1,556 nn./ls Wug
NFUTYINITNYATINAY 1,363 nn./lT Wug
UMINYIBLNEASANENS AU 1,558 nn ./l way
fugn1sftenvuwindy 1,400 nn /13 varidnuas
MINTNYRsTdEDY e Tusenaondreglurig 60-
68 Tu Juesnaanduiluagluyie 60-69 Tu Azl
Hnagluie 1.3-2.0 uazgwdenviuilnagluyie 1.0-2.0
Wosidusnzimizeylugae 75-85 wWesidud way
Ardusdavuzfuieeglugag 19-25 Wedldusd
(Table 3)

Nufidamdadiung 8 guaslinandnszuing

[

1,383-1,685 nn./ls waswiniu 1,567 nn./lg wus

A o

NSUTYINITNYATINAAY 1,315 nn./ls Wug
UMINYIRULNEATAERS 1117U 1,520 /LS uay
Wugn1sAenvumiiu 1,479 nn./ls Yeuzianwaly
NNSNYATTIdEEY fie Tueenmendigoglugi 61-
69 Tu Tusanaondleagluyi 60-69 Tu AvwuY
Hnaglutis 1.3-2.0 uazdenviuilnagluyis 1.0-2.0
wWosigusnzsimzeyluyae 73-87 wWesidud way
mm%umﬁmmzLﬁmﬁmaaﬂuﬁzj’aa 18-25 LUasiGud

(Table 4)
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Tasanswamiugdlnadssdnfgnuan
fumnzauduituiivgnudsmeiuilufminaemie
nauvy Adunislugguasd w.a. 2563 lagnuay
fisiu 8 guau Ugnnaaeuluulaununsnslneldide

o [

AugNITT1Nea1n “IAsensusulseiugdning

v &Y

WnAnerdensien” 21elin1suiulanugeels

3
=) (Y

UINTFIU IINNTANUIA B UFUA kAT AIUALA
NN UFNTIU (Homozygosity) Iang uniueiele
2uuul) mqé’:’u e 2) 9gUunan (Sriwattanapons,
2010) fiarewugwerludmageu 3 arewug laun
TF1 (NSuT¥1015n¥MT) Kid8 Laz K60
(UM Inenduinuasmans) 391910 2 uasiugnsa
ansaaiIgnuaNffiaudLe (Heterosis) wag
mmiaa%’wamiausmﬁmﬁaﬁﬁﬁﬂﬁqﬂwauﬁ'ﬁ
AIULINIYFDAAG DINUTIBITUVD S Jompuk (2012);
Sampantalak (2003); Laosuwan (1984) ﬁdﬂmimvj
anuaudnieuuuinguaneiuduioaniungy o g
Aadonanewugidanvuglndidvatuuazniseg
#19na 4 Heterotic group fi 'y Lﬁ'aaéjwqﬂmamﬁ'ﬁ
UsEaANsnm
nanInaaeeasslFlansuwaluves

2 ¥

ANNUS LN UANeNIN wazduuldulunisasig

9

anuaundulalagnuanfieiu 8 Anay wuandandn
weigninandn 1,215-1,987 na/ls 1wy 1,580 nn/ls

4

WusSeuisuannnsuIvInisnens 1,389 nn./ls

)
s

WuguMInedeinunsaans 1,521 nn./ls wagiug

9
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Table 1 Mean grain yield (kg/rai) and agronomic characters of promising hybrids, farmer trial conducted at Phayao in 2020D

Trial Pedigree Day to Height (cm) Lodging" Plant Ear Open Tip % Shell Moist Mean Relative to check (%)
No. Tass Silk Plant Ear Root Stalk Asp” Asp”  HkY  FilY Rot. (%) (%) Yield  Trial mean DOA KU COM
1 UPF155 67 68 250 122 1.2 1.2 1.8 1.7 1.2 1.8 5.1 78 27 1,215 81 87 80 83
2 UPF205 67 68 240 128 2.5 13 2.0 1.5 1.5 2.0 9.1 7 27 1,478 98 106 97 101
3 UPF223 66 66 232 113 1.7 1.7 1.7 1.7 1.5 1.2 8.4 79 26 1,681 112 121 111 115
4 UPF227 66 66 234 111 1.8 1.3 1.2 1.2 1.2 2.0 5.4 83 23 1,747 116 126 115 119
5 UPF269 60 61 233 118 1.7 1.3 1.5 1.5 1.5 2.1 7.6 78 22 1,600 106 115 105 109
6 UPF282 67 67 221 116 1.3 1.5 1.7 2.0 1.0 2.0 8.4 82 27 1,621 108 117 107 111
7 UPF286 66 67 223 115 1.2 1.6 1.7 1.2 2.0 2.0 8.6 81 28 1,987 132 143 131 136
8 UPF319 67 68 221 116 1.7 1.5 1.7 1.8 1.5 1.5 7.9 80 24 1,317 88 95 87 90
Average 65 66 231 117 1.6 1.4 1.7 1.6 1.4 1.8 7.6 79 25 1,580
9 NS3 66 67 220 115 2.3 1.2 1.7 1.7 2.1 2.1 8.9 84 25 1,391 92 100 91 95
10 NS4 68 70 226 133 1.5 1.4 1.5 1.8 2.0 2.1 6.2 80 23 1,324 88 95 87 91
11 NS5 64 65 235 118 1.5 1.1 1.5 1.3 1.5 2.5 8.1 76 23 1,454 97 105 96 99
12 Suwan 4452 68 68 225 110 1.0 1.6 1.7 2.0 1.3 2.0 7.6 79 27 1,451 96 104 95 99
13 SW 5720 67 69 220 119 2.0 1.4 1.7 2.0 1.8 2.1 6.9 83 26 1,567 104 113 103 107
14 SW 5821 67 68 224 115 2.0 1.8 1.5 2.0 2.0 1.5 9.5 89 23 1,531 102 110 101 105
15 SW 5819 67 67 227 121 2.8 1.0 1.3 1.8 1.5 2.0 6.1 80 23 1,540 102 111 101 105
16 SW 5731 66 66 223 123 2.5 1.8 1.0 1.5 2.0 2.0 6.3 83 27 1,517 101 109 100 104
17 S6253 68 70 223 110 1.5 1.4 2.3 1.7 2.0 2.0 7.3 83 28 1,389 92 100 91 95
18 S7328 69 69 222 119 1.0 1.5 2.3 1.9 2.1 2.1 6.4 88 25 1,447 96 104 95 99
19 DK9979C 69 69 230 120 1.5 1.2 2.0 1.7 2.0 2.0 7.9 80 28 1,412 94 102 93 97
20 PAC339 66 68 225 123 2.0 1.6 2.0 2.1 1.8 1.5 8.4 84 27 1,548 103 111 102 106
21 PACT89 68 69 237 132 1.7 13 1.9 1.5 15 15 7.8 79 29 1,531 102 110 101 105
22 P4546 69 68 227 129 1.4 1.4 1.3 1.5 13 14 8.3 81 29 1,434 95 103 94 98
23 LG38778 68 68 231 127 19 1.6 1.4 1.4 13 13 8.9 79 26 1,367 91 98 90 94
24 CP639 69 69 236 121 2.1 1.4 1.5 1.7 1.2 1.2 9.2 81 27 1,572 104 113 103 108
Trial mean 66 67 228 119 1.7 1.4 1.7 1.7 1.6 1.8 1.7 81 25 1,505 100
DOA check mean (3 hybrids) 66 67 227 122 1.8 1.2 1.6 1.6 1.9 2.2 1.7 80 23 1,389 100
KU check mean (5 hybrids) 67 67 223 117 2.1 1.5 1.4 1.9 1.7 1.9 7.3 82 25 1,521 100
Commercial check mean (8 hybrids) 68 68 228 122 1.6 1.4 1.8 1.7 1.7 1.6 8.0 81 27 1,462 100
CV (%) 12.3 13.3 12.8 10.6 6.9 10.9 7.2 5.2 4.2 3.3 6.9 10.3 119 175 - - - -
LSD (0.05) ns ns ** ** ns ns ns ns ns ns ** *x ** *x - - - -

Y1=best, 5=worst, ns=non significant, ** *=significant at the probability level 0.01 and 0.05, respectively
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Table 2 Mean grain yield (kg/rai) and agronomic characters of promising hybrids, farmer trial conducted at Chiang Rai in 2020D

Trial Pedigree Day to Height (cm) Lodging" Plant Ear Open  Tip % Shell Moist Mean Relative to check (%)
No. Tass Silk Plant Ear Root Stalk Asp”  Asp”  HkY Fil¥  Rot. (%) (%)  Yield Trialmean DOA KU COM
1 UPF155 67 68 240 122 1.0 1.0 2.1 1.3 1.8 1.2 6.6 75 27 1,226 84 96 82 85
2 UPF205 67 68 230 118 2.5 1.0 1.0 1.5 1.5 2.0 8.9 81 24 1,418 97 111 95 98
3 UPF223 66 66 232 112 1.5 1.0 1.7 1.7 1.3 1.3 6.2 85 24 1,514 103 118 101 105
q UPF227 66 66 230 123 1.3 1.3 2.2 1.8 1.2 2.0 53 81 23 1,517 104 119 101 105
5 UPF269 60 61 223 115 2.0 1.3 1.5 1.5 1.5 1.7 7.6 85 19 1,843 126 144 123 128
6 UPF282 67 67 235 126 1.0 1.0 1.7 2.0 1.0 1.7 8.4 80 21 1,517 104 119 101 105
7 UPF286 66 67 228 120 1.0 1.0 1.7 1.7 2.0 1.7 7.6 82 21 2,011 137 157 134 139
8 UPF319 67 68 230 125 1.8 1.0 1.7 1.5 1.5 1.8 9.3 79 24 1,251 85 98 84 87
Average 65 66 231 120 1.5 1.1 1.7 1.6 1.5 1.7 7.5 81 22 1,537
9 NS3 65 66 216 111 1.7 1.4 13 1.2 2.1 2.1 8.9 81 25 1,262 86 99 84 87
10 NS4 67 68 231 121 1.5 1.2 1.5 1.8 1.5 2.1 9.2 79 24 1,214 83 95 81 84
11 NS5 65 65 220 112 1.5 1.7 1.5 1.3 1.5 1.5 8.1 78 23 1,361 93 106 91 94
12 Suwan 4452 69 68 227 111 1.0 1.4 1.3 2.0 1.6 2.0 9.6 78 25 1,351 92 106 90 94
13 SW 5720 68 68 216 115 2.0 1.7 1.5 2.0 1.4 1.8 8.9 82 25 1,542 105 121 103 107
14 SW 5821 68 69 225 113 2.0 1.4 1.5 2.0 2.0 1.5 9.5 81 24 1,531 105 120 102 106
15 SW 5819 68 68 219 111 2.2 1.6 1.3 2.5 1.4 2.0 6.3 80 27 1,551 106 121 104 107
16 SW 5731 68 69 218 113 1.5 1.4 1.0 1.5 2.0 2.0 6.8 81 27 1,517 104 119 101 105
17 S6253 68 69 227 114 1.5 1.1 1.3 1.7 2.0 2.0 7.1 83 26 1,314 90 103 88 91
18 S7328 69 68 223 111 1.0 1.1 1.3 1.8 2.1 2.1 6.9 81 25 1,465 100 115 98 101
19 DK9979C 68 69 226 116 1.5 1.6 2.0 1.3 2.0 2.0 6.5 78 26 1,431 98 112 96 99
20 PAC339 67 68 219 113 2.0 1.5 2.0 1.8 1.7 1.5 6.8 81 29 1,512 103 118 101 105
21 PACT89 69 68 235 124 2.1 1.5 13 1.5 1.9 2.4 7.2 80 28 1,632 111 128 109 113
22 P4546 67 68 226 117 1.5 1.7 1.7 1.4 1.5 13 8.4 78 28 1,256 86 98 84 87
23 LG38778 68 68 234 121 1.7 1.4 1.8 1.7 1.4 1.7 8.3 79 28 1,367 93 107 91 95
24 CP639 69 69 229 121 1.4 1.8 1.2 1.8 1.7 1.8 8.9 83 27 1,578 108 123 105 109
Trial mean 67 67 226 116 1.6 1.3 1.5 1.7 1.7 1.8 7.8 80 25 1.465 100
DOA check mean (3 hybrids) 65 66 222 114 1.6 1.4 1.4 1.4 1.7 1.9 8.7 79 24 1,279 100
KU check mean (5 hybrids) 68 68 221 112 1.7 1.5 1.3 2.0 1.6 1.8 8.2 80 25 1,498 100
Commercial check mean (8 hybrids) 68 68 227 117 1.6 1.5 1.6 1.6 1.8 1.9 7.5 80 27 1,444 100
CV (%) 13.2 13.4 8.9 6.4 9.6 9.6 12.1 11.2 7.2 8.4 13.9 16.3 15.9 15.5 - - - -
LSD (0.05) ns ns ** ** ns ns ns ns ns ns *x *x *x *x - - - -

Y1=best, 5=worst, ns=non significant, ** *=significant at the probability level 0.01 and 0.05, respectively

0T-T (£)6€ UOISUDIXT 19 Udieasay ‘LS JO 1eunor



Table 3 Mean grain yield (kg/rai) and agronomic characters of promising hybrids, farmer trial conducted at Phrae in 2020D

Trial Pedigree Day to Height (cm) Lodging" Plant Ear Open Tip % Shell Moist Mean Relative to check (%)
No. Tass Silk Plant Ear Root Stalk Asp”  AspY HKY Fil¥  Rot. (%) (%) Yield  Trial mean DOA KU COM
1 UPF155 68 69 251 129 1.8 1.0 1.4 1.5 1.6 1.5 7.8 78 23 1,457 98 107 94 104
2 UPF205 68 68 230 118 1.5 1.0 1.5 1.3 1.4 2.0 9.1 83 24 1,595 108 117 102 114
3 UPF223 67 67 224 111 1.7 1.0 1.6 1.8 1.3 1.8 8.8 85 23 1,542 104 113 99 110
4 UPF227 68 67 221 113 1.7 1.2 1.3 1.3 1.2 2.0 8.1 85 25 1,516 102 111 97 108
5 UPF269 60 60 243 125 2.0 1.4 1.5 1.4 1.5 1.4 6.2 82 19 1,528 103 112 98 109
6 UPF282 68 67 235 119 1.5 1.1 1.8 2.0 1.0 2.1 8.1 85 23 1,685 114 124 108 120
7 UPF286 66 67 228 120 1.6 1.4 1.5 1.9 2.0 13 7.4 82 24 1,740 118 128 112 124
8 UPF319 67 67 210 118 1.8 1.1 1.4 1.7 1.5 1.5 8.3 81 23 1,389 94 102 89 99
Average 66 66 230 119 1.7 1.2 1.5 1.6 1.4 1.7 8.0 82 23 1,556
9 NS3 67 68 221 118 1.3 13 1.8 1.3 1.4 1.8 8.7 80 27 1,322 89 97 85 94
10 NS4 67 67 228 123 1.8 1.2 2.1 1.7 1.5 1.3 6.4 78 26 1,314 89 96 84 94
11 NS5 64 65 225 121 1.6 1.1 1.5 1.4 1.4 1.3 8.2 80 27 1,454 98 107 93 104
12 Suwan 4452 68 69 235 129 1.3 1.7 1.7 2.1 1.2 2.2 8.8 78 29 1,547 105 113 99 111
13 SW 5720 67 67 230 116 2.0 1.8 1.4 2.2 1.2 1.4 9.1 79 28 1,584 107 116 102 113
14 SW 5821 68 68 234 125 2.1 1.0 1.8 2.1 2.0 2.1 8.9 78 24 1,563 106 115 100 112
15 SW 5819 69 68 237 132 1.9 1.0 2.1 1.9 1.3 2.2 9.3 81 27 1,576 106 116 101 113
16 SW 5731 68 67 233 134 1.9 1.8 1.0 1.6 2.0 2.1 6.9 81 28 1,521 103 112 98 109
17 S6253 68 68 227 126 1.4 1.6 1.3 1.7 2.2 2.1 9.1 82 27 1,411 95 104 91 101
18 S7328 69 69 231 121 1.0 1.0 1.3 1.8 1.6 1.3 6.1 85 28 1,317 89 97 85 94
19 DK9979C 67 68 238 122 1.8 1.3 2.1 1.6 2.2 2.1 9.4 81 29 1,479 100 109 95 106
20 PAC339 67 66 235 123 2.1 1.8 2.2 1.8 1.9 1.5 9.2 78 29 1,515 102 111 97 108
21 PACT89 69 69 238 121 2.1 14 2.1 1.9 1.4 1.8 8.3 79 29 1,651 112 121 106 118
22 P4546 69 68 226 125 1.7 13 2.3 1.6 1.7 14 9.5 81 24 1,231 83 90 79 88
23 LG38778 67 67 231 120 2.2 1.2 19 1.4 1.2 1.7 9.8 80 27 1,278 86 94 82 91
24 CP639 68 69 238 121 1.8 1.7 1.9 1.4 1.7 1.2 8.5 82 28 1,321 39 97 85 94
Trial mean 67 67 231 122 1.7 1.3 1.7 1.7 1.6 1.7 8.3 81 25 1,480 100
DOA check mean (3 hybrids) 66 66 224 120 1.6 1.2 1.8 1.5 1.4 1.5 7.8 79 26 1,363 100
KU check mean (5 hybrids) 68 67 233 127 1.8 1.4 1.6 1.9 1.5 2.0 8.6 79 27 1,558 100
Commercial check mean (8 hybrids) 68 68 233 122 1.8 1.4 1.9 1.7 1.7 1.6 8.7 81 27 1,400 100
vV (%) 112 123 108 106 109 116 122 152 115 127 165 141 162 163 - - - -
LSD (0.05) ns ns ** ** ns ns ns ns ns ns *x *x ** ** - - - -

Y1=best, 5=worst, ns=non significant, ** *=significant at the probability level 0.01 and 0.05, respectively
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Table 4 Mean grain yield (kg/rai) and agronomic characters of promising hybrids, farmer trial conducted at Lampang in 2020D

Trial Pedigree Day to Height (cm) Lodging" Plant Ear Open Tip % Shell Moist Mean Relative to check (%)
No. Tass Silk Plant Ear Root Stalk Asp”  AspY HkY Fil” Rot. (%) (%) Yield Trialmean DOA KU COM
1 UPF155 69 69 262 135 1.1 1.4 1.5 1.3 1.8 1.8 4.1 73 24 1,383 92 105 91 94
2 UPF205 68 68 228 111 1.5 1.7 1.6 1.5 1.5 2.0 6.2 81 25 1,685 113 128 111 114
3 UPF223 69 68 221 111 1.7 1.5 1.8 1.3 1.5 1.8 4.8 81 23 1,625 109 124 107 110
4 UPF227 69 69 217 105 1.4 1.6 1.5 1.8 1.8 2.0 5.8 80 24 1,578 105 120 104 107
5 UPF269 61 60 226 110 1.8 1.4 1.8 1.5 1.5 1.3 3.1 85 18 1,585 106 121 104 107
6 UPF282 67 67 260 139 1.6 1.4 1.6 2.0 1.0 1.3 4.8 87 25 1,552 104 118 102 105
7 UPF286 69 69 235 110 1.6 1.4 1.4 1.8 2.0 1.3 8.7 83 25 1,665 111 127 110 113
8 UPF319 68 68 225 118 1.6 1.9 1.7 1.5 1.5 1.5 3.1 78 21 1,463 98 111 96 99
Average 67 67 234 117 1.5 1.5 1.6 1.6 1.6 1.6 5.1 81 23 1,567
9 NS3 67 67 223 121 1.2 1.1 1.4 1.4 1.8 1.3 2.8 79 24 1,242 83 94 82 84
10 NS4 68 68 227 115 1.3 1.2 2.1 2.1 1.5 1.2 2.6 79 26 1,244 83 95 82 84
11 NS5 64 65 231 119 1.4 1.2 1.8 1.3 1.4 1.5 5.7 81 23 1,461 98 111 96 99
12 Suwan 4452 68 68 225 116 1.1 1.1 1.1 2.1 1.8 2.0 6.6 79 29 1,476 99 112 97 100
13 SW 5720 68 69 223 121 2.0 1.5 1.3 2.1 2.1 2.1 9.5 81 28 1,513 101 115 100 102
14 SW 5821 69 69 234 116 2.0 1.4 1.4 2.0 2.0 1.4 4.7 79 24 1,525 102 116 100 103
15 SW 5819 69 69 231 116 2.4 1.5 1.3 1.5 1.4 2.0 7.3 80 28 1,569 105 119 103 106
16 SW 5731 69 69 231 117 2.1 1.2 1.0 1.5 2.1 2.0 6.8 81 27 1,521 102 116 100 103
17 S6253 68 68 227 120 1.8 1.3 1.9 1.5 1.9 1.9 7.8 79 25 1,489 100 113 98 101
18 S7328 69 69 231 121 1.5 1.4 1.7 1.8 1.6 1.2 6.2 78 26 1,471 98 112 97 99
19 DK9979C 69 69 231 127 1.7 1.5 2.2 2.1 2.0 1.8 9.7 81 27 1,512 101 115 99 102
20 PAC339 68 67 235 121 24 1.7 2.1 23 2.1 2.1 6.6 78 28 1,503 100 114 99 102
21 PACT789 69 68 241 127 1.6 1.8 1.8 2.1 2.1 1.9 6.9 78 29 1,572 105 120 103 106
22 Pa546 67 66 225 120 1.7 1.5 1.1 22 1.9 2.1 7.8 80 26 1,390 93 106 91 94
23 LG38778 68 68 231 127 1.8 1.5 1.7 22 1.7 1.9 7.2 81 26 1,321 88 100 87 89
24 CP639 69 68 243 123 1.2 1.4 1.5 1.8 1.8 1.8 8.2 82 28 1,579 106 120 104 107
Trial mean 67 67 231 119 1.6 14 1.6 1.8 1.7 1.7 6.1 80 25 1,496 100
DOA check mean (3 hybrids) 66 66 227 118 1.3 1.2 1.8 1.6 1.6 1.3 3.7 79 24 1,315 100
KU check mean (5 hybrids) 68 68 228 117 1.9 1.3 1.2 1.8 1.8 1.9 6.9 80 27 1,520 100
Commercial check mean (8 hybrids) 68 67 233 123 1.7 1.5 1.8 2.0 1.9 1.8 7.6 79 26 1,479 100
CV (%) 113 121 12.8 11.5 104 124 14.2 13.1 13.1 15.3 16.2 17.2 15.9 16.2 - - - -
LSD (0.05) ns ns ** ** ns ns ns ns ns ns ** **® ** **® - - - -

Y1=best, 5=worst, ns=non significant, **,*=significant at the probability level 0.01 and 0.05, respectively

0T-T (€)6€ UOISUDIXT 1 Ydieasay LSy JO Jeuinor



5ANTIVYLATFNASUITINTIAYAT 39(3): 1-10

AnRANISHUIZNA

VBVBUAMAUNNURMUINITITEATINYAT
(pafnsumN) Aaduayusulszanas it we.
2558 AU NARALT1INIUIYIR NTUTVINT
NYAT LATAMZINYATATENS LASNTNEINTTITUYIA
WIS Nz MsnusudialidnUsgyeyes In
TulAsenig University of Phayao Maize Improvement;
UMPI

LONE1591999

Boonpradap, S., M. Tewa, C. Montree and P. Nak.
1989. Crops Testing Before and After
Rice Harvesting: IRRI Lines. pp. 89-108.
In Proceedings of 1°' Rice Conference
26-27 January 1989. Phitsanuloke:
Phitsanuloke Rice Research Center.
[in Thail

Jompuk, C. 2012. Laws and Plant Breeding.
pp. 36-54. In Training Documentation:
Principle of Plant Breeding 23 August
2012. Nakhon Pathom: Kasersart
University, Kamphang Sean Campus.
[in Thail

Lantican, RM. 1982. Desirable characteristics
of upland crops for planting before and
after wetland rice. pp. 61-68. In Report
of Workshop on Cropping System
Research in Asia. Philipplines:

International Rice Research Institute.

Laosuwan, P. 1984. Principle of Plant

Breeding. Songkla: Thaina Press. 320 p.
[in Thai]

Office of Agricultural Economics. 2018.

Situation of important agricultural
products and trends in 2018. [Online]
Available http://www.oae.go.th/
ewtadmin/ewt/oae_web/download/
journal/trends2561.pdf (27 July 2019).
[in Thai]

R Development Core Team. 2010.

R: A language and environment for
statistical computing. R Foundation
for Statistical Computing, Vienna,
Austria ISBN3-900051-07-0. [Online].
Available http://www.R-project.org/
(21 June 2013).

Sampantalak, K. 2003. Plant Breeding:

Fundamental Methodology and
Concept. Bangkok: Kasetsart University

Press. 237 p. [in Thail

Sriwattanapong, S. 2010. Principle of Plant

Breeding. Bangkok: Kasetsart University
Press. 259 p. [in Thai]

Thaipublica. 2015. Round table discussion:

The solution of corn smog raised in
the GAP system to control the
planting area. [Online]. Available
http://thaipublica.org/2015/04/maize-
crop-cycle-5/ (8 September 2015).

[in Thail

10



Journal of Agri. Research & Extension 39(3): 11-23

NavaIEIATABEIRRWSLAT NS muNden1 S yAuTe
vasrinnaveuusisatnmesieaiiugnluszuulalasweting
Effect of Nutrient Solution and Milk Bio-extract on Growth
of Red Butterhead Lettuce (Lactuca sativa L.) Cultivated

under Hydroponics System

o £ =
U ATN*  LasUINANA Utydl

Thanapoom Siringam* and Narasak Boonmee
aMivnenIAans anInermansuazinalulad uminendesdgnszuas nganne 10220
Department of Agriculture, Faculty of Science and Technology, Phranakhon Rajabhat University, Bangkok, Thailand 10220

*Corresponding author: thanapoom@pnru.ac.th

Received: November 18, 2020
Revised: September 06, 2021
Accepted: November 01, 2021

Abstract

Lettuce (Lactuca sativa L.) is mostly cultivated in the hydroponic system where factors affecting
growth and vyield can be controlled. This research aimed to investigate the influence of Phranakhon
nutrient solution and different concentrations of milk bio-extract concentrations (0.40, 0.50, 0.60 or
1.00% Vv/v) on growth of red butterhead lettuce cultivated under hydroponics system. An experimental design
was completely randomized design (CRD) with five treatments, and five replications per treatment. The
results showed that red butterhead lettuce cultivated in the Phranakhon nutrient solution showed the
highest plant height, leaf number, plant canopy, shoot fresh weight, shoot dry weight and
photosynthetic pigment concentrations. While the red butterhead lettuce cultivated in the milk bio-

extract at 1.00% (v/v) gave the highest shoot dry matter.
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gasnsruas dn15RTYAULANIAILANES IIUIY
Tu Anundremssy hainandiudu dindnus
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AUdNTY 1.00 WesiudlaeUuins Juiadinn
wisdrudusnnTian
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maA:  Inmevieny Mssedule Umdndanm

v

lalaswodnd

Wnnavie (Lactuca sativa L.) Inagluied
Asteraceae L uin@ifiuFunandulouazauainig
lawuin1sas Usgnaunie Tandute Ta1dud
wraley wan TUsiu wazansTulewsm uenaniids
fassnananduwaraaulumeasiueuyadase
wanevin wu nsalndn giiu dnuelsiiu 1lusy
(Kim et al., 2016) Imaﬁalﬂmiﬂqﬂﬁﬂmwaﬂu
wlasgndndnislddendludiunamnniiuaiiy
Fosnsvesiiauazldogrenaiios sauvianisldans
MandngiivUsunaennhliianisanaeniglusiu
Laznandn 49n1sandraveseinduazarsfidn
Angiyazdmasoninugauanysaivasiiu laseasng
Ya9u dannaudunsa-Answesy Lasdmwanseny
PoNI5LATYLAUIAYOINY (Sangsirimongkolying
et al., 2015) é’qﬁy’uﬁﬂﬁmiﬁ’mwmiﬂqﬂﬁﬂﬂ8134'

LY a

T¥Aunldlunsugninniaveudandsd 1iesann
WumallaBmsdgniiviiduszansamlunisaiuny
mslitaduniswaniifinasienisiasaiiulauagiamn
voefty vilinandndldfiauazoinuazUaonde
AN NAMUAYE UTINA NANARTAMAIN LazaIuITD
nanlFnanasy (Pongsa-anutin, 2004) Iag Sapkota
et al. (2019) $18971U31 KnnaveNiugUnnasian

nlesuamnsaraneans Hoagland diaudas isznausig

Lulasiau (N) Inunaiden (K weatdeou (Ca)
Woanasa (P) luseu (B) dned (Zn) uag uuniidos
(Mg) UL UTU 250.00, 300.00, 250.00, 56.00,
0.40, 0.35 Uaz 45.00 dadnsuneding A91uduly
Aruelu ATmETIIN waztiinanundian
n1sugnitelaglaldduaiusatunldlunis
wanfirluiuiiivssaudgmifeafuiuiigoauds
Ldwanzausenisugnity nsugnitelaeldldfudu
szuumsUgniwiiasnsavgnldegsieiiosneld
nsmuaumsliiuaraisaratssinemsogad
UsyAnsam uenainiinmsdgniislaglldAudnidu
szuumsnanfivivasaseainarsiiviiinainnisld
ansindidosiunazindndngity vinlvnandnfivnlds
USinauazaanndia szuunsugnitnlaglaldfus
Wa1858uU Lauwn Nutrient Film Technique (NFT),
Deep Flow Technique (DFT), Dynamic Root Floating
Technique (DRFT), Aeroponics L&z Substrate culture
otlsfinuenldarelufuasazaresinemsild
Tussuuugnitvaoudiegs sustanuiaiaves
Huilaad eadunisandisvesansiad v 1y
93AUTENBUYRIAITALANYFINBINITNY YA
N15A nwILUIN1sTun1si@1sounIgnng 9 10
Uszgndbinaunuaisiadluasazaiusine1ns
fltluszuumsugniialaelaldfududsiinala
thwiindnmdureanadildannszuiunms
ninfivuazdniouldaisazarediflesdUszneuy
dnlngiduasveunarlulasiau muiesineims
WAN 517M1MNTTBY 9579 NIAFIUN @1TAIVANNIT

a

WigAulnvese 1w sendu Iutuaisadu llalaiiu

S saa

Hudy uadmuieulesiuargBun3sniusslowd
(Phornphisutthimas, 2012) Iuﬂaﬁ;ﬁuﬁmiﬁwﬁmﬁﬂ
Fanmuusegndldusslovilunisdwaiunis
WTYAULH NAKER ULATANNINVBINANAANTY taun
wnaam (Jitaek, 2013; Wongsrisakulkaew et al., 2016;

Kanarat et al., 2018; Wongsrisakulkaew et al., 2018)
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TsennAain9 (Thanawat, 2015) ST (Kaveekhew,
2011) uzaan (Kajonphol et al., 2014) A1IL5 93
(Kanarat et al., 2018) agdlsinuUsunasIneIms
wavansatadinmdldandweindanmitldanan
Sun3diunnenafudmalinisiasaivinuas
NANAAVDINTUANFI9AU (Inkham and Ruamrungsri,
2014)

dmindanmundadu sduniduiaig
gauluA18519 019115 1w tulasiau (0.39%)
Waanasa (0.09%) Inuvnaidou (1.74%) waalduy
(0.28%) wunfii@eu (0.21%) Muzdu (0.26%) wan
(0.027%) usnila (0.002%) daned (0.004%) WHusiu
(Department of Agriculture, 2001) Tuyd a3 Ju
dwiindinmusduansdunisfigninanldlunsdia
Anugauanysalatslufulariy win1sAnw
nadwindanmandssgndldluszuunmsugniie
TnolalldAudslaiunsvans uideifadingusvasd
W oA NYINAYDIANTATANEE 1AM TAATNTLUAT
LLazﬁmﬁﬂ%’gmwummmiLfﬁzy,l,auimaqﬁﬂﬂ’lwau
Wugsamimesiend Ugnluszuu DRFT 1l o4
WuwwmdlunsUszgndlddmindanmualuszuu
nsugnivalaglaldeiu

A IUN5IY

NIAZENATALAYTIND M TEATHIZUAT
1) MSIAsENEITaE NI UYRIAITaTaY
5O IMNTANTNTTUAT
YN19LATUUAITALAIEEINDINTEAS
wszupsdudu Tnensdsansafiuiazedanudsune
Fmiun Tunsveassivhnseseuansazarodudy
Aty 50 whannenudiduung sadudeh
NSNS BUETATANYWNTU A UTENaunle Laaldey
lulmsn (CalNOs),4H,0) 500 un./a. (125 ASu) @7
4150881919 UTY B USEnoun iy Lnunald vy

Lalalasiaunleaina (KH,PO,) 125 un./a. (31.25 n5u)
Tnunad sulumsn (KNOy) 125 un./a. (31.25 Asy)
wunti@sugan (MgSO,7H,0) 125 un./a. (31.25
n¥u) WAgRasIMTIN 20 un./a. (5 N3u) ey
vhinazaneseindusunandudofefunardu
Usuwslile 5 ams waviiulilunnaaeuiivuas
2) NSASPUENTATANYIIBINVDIETATANE
SO WNTEATNILUAS
Y1a1502a18510 8 IMTEATNTEUAT
WYY A Lag B 98198y 3 Ans nauasludmanadin
YUINANNY 150 AnT fifiiU3unns 100 03 wa
d13aza1eIMTanTNTEUATIINIY A uay B Tinay
Duiileendy UYSuUsunsansaralusIneIvisau
ASU 150 AnsAeun udsannduuiuainnmdy
n3A-A14 (pH) YesasazatesIfomIsiilaley
Tuaia4 5.6-5.8 wagianisiluda (EC) windu 0.80-
1.00 Jad%uusolgudluns (mS/cm) lagn1siay
Tnuna@eulansenlan (KOH) wagnsalumsn (HNOs)
Tngyinnisnsraaauamudunsn-Ane (pH) wagan
sl (EQ) vesansazaneduaviay 3 ass
’Luﬂ’]iwmamﬂ?ﬂﬁymﬁ'aumiazmsJﬁwlmmiqm
wsruasuazuamindan nuy dUanviar 1 as

Wunan 4 &Uanii

Mawrseut g anmua

Yhusan $1uau 10 a5 naufunInuiea
U 4 dns warUsulSumsludmdnaulausunns
50 8015 wé’qmmfulﬁmﬁalfﬁyaqﬁum% NA.2 91U
25 ndu Mudunaumua i AunasUnddamin
et wagyihmsminduszezan 15-20 Ju lutaa
arfivnswinasiinsidadifanayniuiinin
Fanm 1 952 UIBAINSBULATYI8IZTUIDINA
agludoinnn 2 Ju ensu 30 Tu e
Fanmuun g 0919m1un Lt ui fvualunis

NAADY LAYUINLNTINNWUNARIUNTEUIUNSUEND
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sigensidudulsslonl Usznoude lulasiau
0.30% (30 un./a.) Weoawesa 0.05% (5un./a.)
Iwuvalgen 1.50% (150 un./a.) waaldes 0.30%
(30 un./a.) wundi@eu 0.15% (15 1n./a.) uagnuzau
0.20% (20 un./a.)

N3N TANLATNSINZINAR
UnudadnniaeniugisnUnmesionnias
Tunesdn vu1A 2 au.aw. 319U 1 lwdereyeslgn
nasndudinesd1neaslunszugnatainuuin
30x45 gy, NilgeUseana 1/2 veaea waviily
g v yva a o o < A
Al g il 252°%. NHIINLUAALT UIDNIY
wiauladuaundlidrdundnluanellund

LEILAAITLS

n1séhedundiasuan
edundinniaveuiugisatninedien
florguszanas 14 Jundamizinda Jaduszosis
Tua3e 2-3 Tu uazdaugeUssun 5 9. 39de
WQqﬁwﬁﬁé’uﬂﬁﬂanﬂ‘Luixw DRFT 7ifuu1n 1x5
Wns (n1319x8172) Usumsansazaneditdlussuy
Wanun 150 50 LagTIVIUAUANNIANDURUT
isntmmesiandiugniiavun 125 dustesyuu Aiding
MU ULTYUVDIAITALAIYTIHDINITEATNTEUAS
(Siringam et al., 2014) wavinvsinTInnuaTie L
Wutuiunnsnety 4 sedu ldun 0.40, 0.50, 0.60
way 1.00 WesidudlasUsuins lnudiszuzUgn
serineRy 20 Tl vdemiuuSuredunsa-ans
(pH) vesasazatus1In e ilA10gluYIe 5.6-5.8
uazdlAtnsualnili (EQ) windu 0.80-1.00 Haddiuusie
WwuRwes (mS/cm) Insmsdulnunadoulansonlen
(KOH) wagnsaluasn (HNO5) lngvinn1sasiagauan
ANUdunsa-ag (pH) wazarnsinluda (EC) ves
asazanedunviay 3 ass Tunsmmaesndadiudey

msaxmsm@mmﬁqmwwumuazﬁmﬁﬂ%amwum
Faiaz 1 A%t Hunan ¢ danss

anunisnaassniglulsanizdngianian
LNEATAIERNS AMEINETAIans haginalulad
UNINYIRTIVAYNTEUAT TENINUADUNGAINY
W.A. 2562 04 LADUNUNTIAN W.A. 2563

nstuiindaya

Junndeyanisiasqyiiulnvesdinniaves
fugisndninosieniifieny 28 Sundsdneugn fedl

1) A3ge (1) IAUgINUTIlAu
fogwieneshlvaufninadeuuaavodiu

2) $1uanilu (v) duluiifinisversveusiu
luegheauysaluarlifiviaunaainnissuniuvedlse
WaZUURIAR Y

3) ANEN TN T (93) TAANUNTTINY
anuinaduiuiniigeidamidsddudunig
fandnilandlaveasiy

0) dwiinanuaziivdnuiedudy (nfa)
idruduludsiminan wdsanduiluovd
aaundl 70°9. Melugeuausau (Memmert, Model
500, Germany) Wuan 72 dalus authminusiansd]
wdwhmsdaminus

5) wa@an wuwidusiu (Uosidud) 91n
an3va Lutts et al. (1995) fail
s s (Uesibust) = (walnusk + dmadnem) x 100

6) Usunusendng

Faludnmanewiugisadmnesianmiin

100 un. Wrnualiaziden Wuaisazaieasdlau
aududy 95.5 wWesidudlagU3uins Usuins 10
ua. wazhlUAulieamad 5°0. Wuan 48 T
nd1a1nd uns1aTausurussatagaieluly
Usenounie aaslsiadie (Chl,) raslsadd (Chly)
uazanelsadiionun (TC) IneTnAinisnanduuasdi
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ANLYIAAY 662 LAy 644 UULLAT LATAILIM
YTu1ausaningn1u3snisves Shabala et al. (1998)
ua Lichtenthaler (1987) #ail

Chl, = 9.784Dgs, — 0.99D44

Chl, = 21.42D44 - 4.65D,,

TC = Chl, + Chl,

NNSAATIZANANIIEDA

BHUNINAGRIRUUE NaNy sl (CRD)
$1uau 5 Aavnaes 9 as 5 9 deyanisiasoaule
HAKEN kAT USUIUTIATNG UNATIBAINANEDTH Lag
T1A3181M AU UTUTIU (ANOVA) f1alusunss
Useyndneadd uagiuTeuiiisurnad oseninede
nnaodlayis Duncan’s New Multiple Range Test
(DMRT) fisgdiutiadndsy 0.05

NAN1599Y

HANTITENUIN N1TLaTEYAUIAUBIRNNIATON
Wugisnninesiand lisuaisaraiesine1vsgns
wszupswaztimingannuy fdmnanduduunneig
U 4 s3Av ‘ﬁ"dqﬂluiwuiaimwaﬁﬂéLLUU{f’wﬁﬂ
(DRFT) diAnuiana 19 ueg Wil ved1Agyn1eada
(Table 1 and 2) TngifnnaviesntugisadninesLand
LA Ua1588a18510 0115 ATNITUATT A1
Frwuly wazarunirmsausniige wdy
11.50+0.04 931, 26.86+0.15 TU way 17.19+0.04 .
udndu (Table 1) haneitinmaviessivugisndaesion

AlAFuLmTNInIWUL AMUTUTY 0.40 LWasidua

Tngd3uns IAues 31unly wagAUN TSIy
Yfoufigavindu 8.1740.02 wy. 15.20+0.05 lu uaz
11.1520.02 w31, maaau (Table 1)
FnnIaneuNus Lsat AT Lend L 3U
aNsaraNsIn I IgRINsTUASuMInand sy
wagtvinuisdaudusniian windy 25.95£0.07
Loy 1.28+0.01 n3u auandu luvnigfdnniaves
fugisntanesieadldSuinindinimug A
Wty 1.00 Wesiduslasysines fwiinandudu
wagtimdnuisdud utosfian windy 8.21+0.06
way 0.51+0.01 N§U aud1RU (Table 2) agdlsfinu
dwiinusdufuresinnmavesiugisatmmesien
v mindanimun anududu 1.00 Wedidud
TneUsuns lullnunana1seg1iidedAg neana
futhminuieduimesinnaveiudisadmnesion
flasuimsindanimug aududy 040 wWedidus
lagUTuns (Table 2)
uenInHEmuiinmaveiussrinmesien
lgsuthmtndanmun anududu 1.00 Wosidusd
Tngusuins uradrnnustad1udunind qa

'3

Winifu 6.18+0.03 Wosidud Tuvazdidnnevonsiug
s Amesient e suansazanesIn e sgmnsTUAS
fanadanmuisdududesdian vindu 4.94£0.01
Wasidus (Table 2) sauvadmuinuadanmu
drudurestnnaveuiugLsntninesand Le sy
urmafndaniwuy aauduty 0.40 wag 0.50
Wasidudlagu3uies lddauuanaiesiuegned

LY 1Y

HedAyneana (Table 2)
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Table 1 Height (cm), leaf number (leaves) and plant canopy (cm) of red butterhead lettuce at 28
days after transplants on hydroponics supplemented with Phranakhon nutrient solution

and various bio-extracted milk concentrations

Treatment Height Leaf number Plant canopy

(cm) (leaves) (cm)
Phranakhon nutrient solution 11.50+0.04a 26.86+0.15a 17.19+0.04a
Bio-extracted milk 0.40% (v/v) 8.17+0.02d 15.20+0.05¢e 11.15+0.02e
Bio-extracted milk 0.50% (v/v) 9.07+0.01b 21.94+0.04c 13.18+0.01b
Bio-extracted milk 0.60% (v/v) 8.81+0.02c" 23.43+0.04b 12.03+0.02d
Bio-extracted milk 1.00% (v/v) 8.78+0.01c 18.40+0.09d 12.53+0.03¢

Grand mean 9.27 21.17 13.21

C.V. (%) 0.59 0.91 0.41

F-test * * *

* Statistical significant different at p<0.05, Means+S.E. within column with the same letter are not significantly different

at p<0.05 by Duncan’s Multiple Range Test (DMRT).

Table 2 Shoot fresh weight (g), shoot dry weight (g) and shoot dry matter (%) of red butterhead
lettuce at 28 days after transplants on hydroponics supplemented with Phranakhon

nutrient solution and various bio-extracted milk concentrations

Treatment Shoot fresh weight Shoot dry weight Shoot dry matter
(9) (9) (%)
Phranakhon nutrient solution 25.95+0.07a 1.28+0.01a 4.94+0.01d
Bio-extracted milk 0.40% (v/v) 8.83+0.25d 0.52+0.02d" 6.00+0.02c"
Bio-extracted milk 0.50% (v/v) 10.24+0.06¢ 0.62+0.01c 6.00+0.01c
Bio-extracted milk 0.60% (v/v) 11.85+0.11b 0.72+0.01b 6.11+0.03b
Bio-extracted milk 1.00% (v/v) 8.21+0.06e 0.51+0.01d 6.18+0.03a
Grand mean 13.01 0.73 5.85
C.V. (%) 2.24 4.33 0.76
F-test * * *

* Statistical significant different at p<0.05, Means+S.E. within column with the same letter are not significantly different

at p<0.05 by Duncan’s Multiple Range Test (DMRT).
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fnmaveuiugisadmmesienilasuiviin
Fanwu ANy 1.00 WosiudlaeuSung i
USunaunaelsiladie USununaolsiladd uaguSuna
paalsfladsiamuanInd g ify 137.05+8.96
60.30+6.24 uay 197.39+15.11 lulasnsusansy
vhndnan audeu uelifiaanuunnsnatuegiedl
WedAgniadadudnniaveniugisndninesian
AlfFuarsazarssinermsgranszuns luvned
fnnevewiufisndamesieaiilasutiminganinu
ANAULTNTY 0.50 Wesidudlaneusuins TuUSunwn
paolsfladionazUTunanaslsfladienundesiian
WA 66.87+0.91 waz 93.35+1.37 lulAsnsuse
n$uhwingn muddu (Table 3)

g dlsAnruuSurunaelsiaately
fnnevewiufisndawmesieaiilasutminganinu
ANULTUTU 0.50 Wasidurlaeusuins ludialy
unneeiueg it Ay nsadAtulnnIaneNiug
iseUmaesiendilasutminganmuy anududy

0.40 WasualaeUsung sKuiaUsununaslsias

o
g

froueludnninvestugisatnmesieniildsutmin
Faamun Anududu 0.50 Wesidudlagusuing
ludanuuanaieiues 1wl dedrAgynisadfdnu
fnnaveuitusisatimaeSisnilduinindanmu
ANALTNTU 0.40 way 0.60 LWasidurlaausuing
(Table 3)
Tuvaefivsinaeaslsfladdludnninve
WusisaUnnesiend liTuasazaiesne1vsans
WszuAs ianuuanasiueglidedrAynieana
fudnmeveuiusisatmae fisnilduinindanm
W ety 1.00 wWesuslaeusuns Tunaesi
fnnaveuitusisatimae Sisnildsuinindanwu
AT U 0.50 Wasidudlaeusuins HUSunu
naslsiladdondian iy 26.49+0.45 lalasniu
sonfuindnan wilifimnuuansieiueged
deddgyneadanudnniaveuiugisadninesian
Algsusmtndanmun Anududy 0.40 uaz 0.60
wWosiudlaeUsung (Table 3)

Table 3 Chlorophyll a, chlorophyll b and total chlorophyll concentrations (ug g fresh weight)

in leaves of red butterhead lettuce at 28 days after transplants on hydroponics supplemented

with Phranakhon nutrient solution various bio-extracted milk concentrations

Treatment

Pigment concentrations (ug g fresh weight)

Chlorophyll a

Chlorophyll b Total chlorophyll

Phranakhon nutrient solution
Bio-extracted milk 0.40% (v/v)
Bio-extracted milk 0.50% (v/v)

135.83+9.00a"
84.13+2.80bc
66.87+0.91¢

60.80+6.46a" 196.64+15.433"
33.67+1.02b 117.80+3.81b
26.49+0.45b 93.35+1.37b
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Table 3 (Continued)

Treatment

Pigment concentrations (ug g fresh weight)

Chlorophyll a

Chlorophyll b Total chlorophyll

Bio-extracted milk 0.60% (v/v) 87.60+3.90b 35.63+1.67b 123.23+5.58b
Bio-extracted milk 1.00% (v/v) 137.05+8.96a 60.34+6.24a 197.39+15.11a
Grand mean 102.30 43.39 145.68
C.V. (%) 13.30 21.12 15.59
F-test * ¥ *

* Statistical significant different at p<0.05, Means+ S.E. within column with the same letter are not significantly different

at p<0.05 by Duncan’s Multiple Range Test (DMRT).
33INANITINY

IINHANITVAADILEAILATIUIATaTAE519)
BIMTEATNIZUATH UATUNITRT LA UlRv DY
Annavouiug st iinesiens slud1uaaiugs
Fruanly arunassiy diinandudu i
usdnsuldndniwsnua (Table 1and 2) Phasuk
et al. (2019) 189131 dnmaviesiugisadnnesian
fgnluszuulalnswedinduuu DRFT fmsiaaudula
Tawn 1urulu 24.12 Tu vuransany 27.26 .
WAEAIUYTIITIN 65.24 B3, AUANU AIUNAKEAR
Ifun drvinandu 207.21 n¥u drvinuisdu
15.52 n¥u dninansin 18.58 ndu tveinuiasin
1.16 N3u wazaa®anm 16.91 Wosldus auddu

Turnzfinanismaaesadaduansliiiudi
N194a5 LA ULARATHANG AUBIHNNIANBUWUT
isndamesiont e uasaraus e sgRINTUAS
111280719 1UNAABIYBY Phasuk et al. (2019)
Uszanal 9 wh anmuandeunelulsanigdilily
nsanduniInaasllaning uvgdAsuyaga
gaumpinelulsadoundewindu a1.5%. dugumgl

MPUBNLSUSBURALNNINY 35%. FINANINLINABY

AaNaR Ui Nan NS LA ULALAENANERUDY
AnnaveNiugisnUnmesian
uenninsaiaivlnvesiivfivgnlussuy
lelasnednddsléudvinannnisidsuulasvosd
ANt unsa-a19 (pH) Arn1sualada (EC) was
padUsznouvessIeIvisnieluaisazared i
ansaihlUlduselovdlunisisgidulanasiaun
(Jirakiattikul and Saelim, 2009; Siringam et al., 2014)
Falunsnaassiliinisamuauearamdunsa-ang
(pH) Tnidldneglugig 5.5-6.5 dauminisiiluidi (EC)
finseaualvidAtegluyie 1.00.-1.40 a15azanese)
pmswazivindanmun Tuariesdusyneuves
simeImsuaazialuasazalusige s iuTuu
unnd g ananuy Tae Trejo-Téllez and
Gomez-Merino (2012) 5183131 USu1au5169019113
ﬁ'mmzamfamiL%%@Lﬁuimawﬁﬁvﬁﬂqﬂiuszw
lalaswetindaieansazaius1ne1misgns Hoagland
and Arnon (1938); Hewitt (1966); Cooper (1988);
Steiner (1984) d@188 S¥NI19 168-236 Un./a.
(lulpsiaw) 31-60 un./a. (Woawesa) 156-300 un./a.
Qnunaidew) 160-185 un./a. (wralde), 34-50 un./a.
(wunliBeon) uaz 48-336 un./a. (Muzdu) Jedawari
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Tinnaveuiugisatnmesisninsadgiiulng
LWANMI9A U LY ULABIAUAUTIBIT1UYDY Siringam
(2014) 7 51891427 N19UA wAIILTUT UV D
Inwnaldea (200, 250 wag 300 un./a.) luaisavane
5179191 5AUTOABATUNITLAT LA ULAN 19U
Frurly viminasuasdivinudsd1uduves
Fnniaveunus Aoa luyaed 1unnaesvey
Chanwichit (2019) 51891171 Ua8id e Ugnlu
asazanesmomsiitlunisugninlelasnednd

18n31M1359ATIN AINEA waTUNMINAREILALLIN

a

fign Wewssuisuiuiiedeilafudoindgns
15-15-15 Jemsindanmanldifeudiu uazdoiad
ans 15-15-15 saufuimdndaninlusnad ud
wANE9Y

'3

dIUUIDTINNUAEIUAUVBIRN N IAVRURUG
ntmmesiendaunniigndeldsuimndanmuy
AMUTUTY 1.00 Wasidudlagu3uins (Table 2)
a1l psanansararesin e sgaInsruasi
USnausmormannniniindindinimun Jedsae
nsUanddsesine1msas viliisaunsagalUlyla
sgTmsuazinsasyiulaiisings (Lester and
Saftner, 2011) 3239 eiwavlaisuszney
ailulanseiiazaulimeluivgniuasuluaing
s Jussddsznevvesinsinnanady Auaedl
miw%zylﬁuimﬁimL%ﬁLLazLﬁmmiazamfﬂuU'%mm
un Tuvaideafuaginasiilianslulawsaithluly
lun1sasrswaglaaduTuiaanas (Hoque et al.,
2010) Faduavlvuiadin i nuisd1ud uvos
Fnnaveniusisadmnesiendlduarsazarssin
91 3aAINTEUATH AT BENIINNNIANENRUT LS
TmnofigndildSudmindanmuy §dliualuly
NANNATIAUTINAVIIUNAADIVBY Siringam et al.
(2019) Ainudndnnaneuius nuldaivgnly
A15a¥A18579,01M9G A INTEUATLA LT NYA

TaRoudu ons1du Sauaz 100:0 TeeUsuns duoa

FINNWAIAIUTINLAZUIATINIWLAIEIUAULINAT
Fnnamesiusniuldaiugnluasazaiesineims
qm5‘W'imm'ﬁLLawgmﬁmgdalﬁLﬁauﬁu DATIEIU
75:25, 50:50 way 25:75 lagU3ung auafu
wenaniioradululdinTagAuildlunns
dunndatmindanmildlunismeaesiiaag
wansnaiy sauseivsndandldannansthusan
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Effect of Potassium Fertilizers on Calcium and Magnesium Levels

in Soil and Turmeric Leaf

s
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High level of potassium is required by turmeric for efficient sugar transport along the phloem,
which related to good yield. However, antagonistic effect of potassium to calcium and magnesium
content in plant was reported. Therefore, the effect of potassium fertilizers levels on calcium and
magnesium content in soil and in turmeric leaf cultivated in low fertility, Tha Sae soil series were
studied. A randomized complete block design with four replications was used. Treatments were
turmeric grown under six rates of potassium fertilizer application namely 0, 25, 50, 75, 100 and 125 kg
K,O per rai. The results revealed that the application of potassium fertilizer 25 kg K,O per rai resulted
in the highest fresh and dry weight yields of turmeric rhizome, but yields decreased respectively when
potassium fertilizers were added in the range of 50-125 kg K,O per rai. However, curcuminoid, calcium
and magnesium concentration in leaf and rhizome decreased with increasing potassium fertilizer
application, which was due to the negative interaction of potassium on calcium and magnesium
uptake, resulted in the lowering of turmeric yield and quantity of curcuminoid. Because the addition
of potassium inhibited calcium and magnesium uptake, quantity and yield quality of turmeric were
limited. Therefore, balance of soil and plant nutrients should be adjusted to minimize the antagonism
among nutrients. Appropriate calcium and magnesium rates must be added along with potassium

fertilizer.

Keywords: turmeric, nutrients interactions, potassium, calcium, magnesium, curcuminoid
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FaneaasudAuvIeU DU saLanUdsulage
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drutrgbieandiaulufuunsnszaielad 398139
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snsziufitenlnonisliTanyu maifiuduniodng
Tnonnsladedunid augiunisifiuyiuiuse
a1nstuAulaenislddewndl 1usu (Soil Resources
Survey and Research Division, 2017) ag19lsAny
nslileluiivusazeiadndudodinisfinuifiaszeu

ANULNEINDADAINUADINITUDINTLUULRNIZLINE S

NAYDITTAUTNLNALGUNAANURAUUI9UTENT
Tnunadeudusigermsfifielvinandai
samdeenstuyunags dlosanvihnidigndes
vhnnaluazanludiusang1n egrslsinuiisieanu
Fumsisondsaussninlnunadeuiusnensdu 1
(Osotsapar, 2009) 1NNITNAFDUDUATAIEIVDY
IwLmaL%amiaﬁmmmsmwﬁmiuﬁuﬂgﬂmﬁ”m'fu
Imamﬂd{jaiwLmaL%wﬁizﬁu 0, 25, 50, 75, 100
way 125 nn. K,0/13 wasUszifiuauUAnundafuiien
HaRdn Wud1seRuiesAu (Fisure 1a) Bunsedng
lulnsiauianun (Figure 1b) Woanosaiidu

Uselovt Inwnadey waawdey warkunideunann
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1 (Figure 1c) swdisdndiusmomsiufiu sening
N/K, P/K, Ca/K wag Mg/K laifiainuuanaisagnadl
Fodfynsadd (Figure 1d) Fliiudn naslade
Inunadeusnsi 25-125 nn.K,0/15 ldinaliAnnng
LU?isJuLLaniaizé'fummLﬂuﬂiﬂwﬂmaaﬁmmmi
yindulufu il erauiiosan yaRuviuesBuiu
ilevenu Bundeiagen nsszutehi demaliisg

amnsiiasly Tudnvdeainiivgald asgnus

avargeanluillenunn waeiiiedlslasiaulessuid
anuanansalunislafigeninlelosouviindu Savde
anfaoglufiu aenndesfuariitoviu Jsdsnsegly
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Table 1 Properties of Tha Sae soil series in the experimental area

Soil properties

Analysis results

Interpretation of results

Sand (%) 80.50 -

Silt (%) 6.50 -

Clay (%) 13.0 -

Texture Sandy loam Coarse textured soil”/

pH 4.50 Extremely acid"
OM (g/kg) 13.50 Low"

N (g/kg) 0.95 Low?
Avail. P (mg/kg) 1.62 Very low"
Extr. K (mg/kg) 39.83 Low"

Extr. Ca (mg/kg) 58.67 Very low"
Extr. Mg (mg/kg) 18.75 Very low"

YOffice of Science for Land Development (2004b); “Nyi et al. (2017)
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Figure 1 Effect of potassium levels on soil pH (a), organic matter, total nitrogen (b), available
phosphorus, extractable potassium, calcium, magnesium (c) soil nutrients ratio N/K, P/K,

Ca/K and Mg/K (d) (ns=no significant difference at P>0.05, SE=standard error)
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Figure 2 Effects of potassium levels on the nutrient concentrations in turmeric leaf were nitrogen,
potassium, calcium and magnesium (a), phosphorus and sulfur (b), iron and manganese (c),
zinc and copper (d) (ns=no significant difference at P>0.05, different letters indicate

significant difference at P<0.05 HSD, SE=standard error)
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Figure 3 Effect of potassium levels on nutrient ratios in turmeric leaf were N/K, Ca/K and Mg/K (a)

P/K and S/K (b), Fe/K and Mn/K (c), Zn/K and Cu/K (d) (ns=no significant difference at

P>0.05, different letters indicate significant difference at P<0.05 HSD, SE=standard error)
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Figure 4 Effects of potassium levels on the nutrient concentrations in turmeric rhizome were
nitrogen, potassium, calcium and magnesium (a), phosphorus and sulfur (b), iron and
manganese (c), zinc and copper (d) (ns=no significant difference at P>0.05, different letters
indicate significant difference at P<0.05 HSD, SE=standard error)
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Figure 5 Effect of potassium levels on nutrient ratios in turmeric rhizome were N/K, Ca/K and
Mg/K (a), P/K and S/K (b) Fe/K and Mn/K (c), Zn/K and Cu/K (d) (ns=no significant difference
at P>0.05, different letters indicate significant difference at P<0.05 HSD, SE=standard error)
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Government policy aimed at enhancing the economic potential of the country. By enhancing
the capabilities of Thai entrepreneurs at all levels by developing the local economy, promoting local
trade and investment, strengthening the competitiveness that will push Thai Gl products to be known
in foreign countries. Geographical Indication (GI) is intellectual property occurred when there is a connection
between nature and humans. The objectives of the study were 1) to study the geographical
characteristics of pomelo planting areas 2) to analyze the land suitability assessment for pomelo areas
and 3) to analyze the spatial relationship between geographic factors and land suitability for pomelo
areas. Herein, topographic, meteorology, and hydrology data were used to extract and analysis land
suitable for pomelo areas with a simple weighting analysis method and the derived results were applied
to analyzing the spatial relationships with multiple linear regression analysis. Results revealed that 8
main factors of geographic characteristics for suitable area for pomelo planting include (1) slope: s, (2)
average annual rainfall: r, (3) soil drainage: (dr), (4) Soil pH, (5) Cation Exchange Capacity: CEC, (6)
available nitrogen: N, (7) available phosphorus: P and (8) available potassium: K. The land suitability of
the pomelo cultivation is 280.42 km? or 87.27% of the study area. The most important positive variable
for land suitability is available phosphorus while the most significant negative variable is available
potassium. This research will be taking part to describe the distinctive characteristics of geographic
locations and the physical composition of pomelo plantation areas to exhibit Ban Thaen pomelo has a
unique feature that is different from the pomelo grown in another area. Registration of Geographical

Indications of Ban Thaen pomelo will raise the standard of agricultural goods to have value-added. This
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will drive the provincial economic stimulation and increase the competitiveness of agricultural goods

nationally and internationally.

Keywords:
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Study the geographical characteristics

« Topographic
» Meteorology

« Hydrology

Analyze the land suitability for pomelo areas

Data extraction

Geographic factors

of Ban Thaen pomelo area

- Slope: sl,

- Average annual rainfall: r

- soil drainage: (dr)

- pH

- Cation Exchange Capacity: CEC,
- Nitrogen: N

- Phosphorus: P

- Potassium: K

Simple Additive Weighting: SAW

Land suitability for Ban Thaen pomelo

Spatial relationship between geographic factors

and land suitability for pomelo areas

- Geographic factors

- Land suitability for Ban Thaen pomelo

Multiple linear regression analysis

Symbol

Relationship between geographic factors

and land suitability for pomelo areas

Input

Process

Output

Figure 2 Overview of research methodology
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Figure 3 The environmental factors of Ban Thaen district; (A) Slope, (B) average annual rainfall

(O) soil drainage, (D) pH, (E) CEC, (F) N, (G) P and (H) K
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Table 1 Factor weighting of land quality parameters for pomelo cultivation

Crop requirement

Factor weighting

Diagnostic factor Unit S1 S2 S3 N
(1.0) (0.8) (0.4) (0.1)
Slope: Sl % 0-12 12-20 20-35 >35
Average annual rainfall: r mm 1,500-2,000 2,000-2,500 2,500-3,000 >3,000
1,200-1,500 1,100-1,200 <1,100
Soil Drainage: dr class 5,6 4 3 1,2
pH pH 5.6-6.5 6.6-7.8 7.9-8.4 >8.4
5.1-55 4.5-5.0 <4.5
Cation exchange capacity: CEC meo/100g >10 5-10 <5
Available Nitrogen: N % >0.2 0.2-0.1 <0.1
Available Phosphorus: P ppm >15 5-15 <6
Available Potassium: K ppm >60 30-60 <30

Apply from: FAO (1983). S1 = Highly suitable; S2 = Moderately suitable; S3 = Marginally suitable and N = Not suitable

Table 2 Land suitability evaluation for pomelo

Chaiyaphum province

plantation cultivation in the Ban Thaen District,

Definition Suitability class Index value
Highly suitable S1 >80
Moderate suitable S2 41-80
Marginally suitable S3 20-40
Unsuitable N <20
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Az (N) Sufiindian fo 215.92 as.nu.
(Table 3 wag Figure 4F)
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AURBIN5v09dNTe WU U SEAUSERUAIY
wngautien (53) Iufiuniian Ao 160.89 ns.nu.
(Table 3 waz Figure 4G)

Usunaunaanasdalufu (P) Suunaunus
AudeImsvesdule nuIuRsEiuALWINZE
fiow (53) fifufiunniian #o 191.45 as.nw. (Table 3
Wy Figure 4H)

Usuralnunai@eanlufyu (K) 9uunay
nasiaudesnisvesdale wudiiuiisyiuay
wianzautios (53) fflufliniian Ae 191.45 ns.nu.
(Table 3 wag Figure 4l)
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Fruat Uiy warsuadsEwe wavae) fudiseau
Tainzay (N) Sifuditomn 30.18 n3.nu. nuidy
dutfesuarnsrarsayialuluiluiidnu (Table 4

wag Figure 5)
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avdunug 0.808, 0.305, 0.284 AL sy Tnefiau
andusimandusiusifosdign fio 0.002
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Suitability value = 354.203 - 52.92 X, -
17.545X, + 17.518X53 + 14.265X, — 0.233Xs +

4.241X¢ + 2.055X; - 0.021X, (2)

e Suitability value A® SEAUAIINUIZEN
lun1sugndule e Y wazuTunalnunaifesludu
mmmmmiummaﬂLﬂﬁlauﬂwquaﬂ UTuna
woano¥aluiu Yhinalulnsnulufu Yuaniey
WAsTed NM3szUeveRy UN3819890U LAy
ANaNATU 10U X, Xy, Xs, Xa, Xs, X, X7 WAE Xg

AUAIAU

Table 3 Factor rating of land quality parameters for pomelo plantation cultivation

in the Ban Thaen district, Chaiyaphum province

Land quality Layer Unit Suitability Rating Area
parameter (sq.km.)
Slope: S level, slightly undulating, undulating (0-12%) % S1 1.0 299.81
Rolling (12-20%) S2 0.8 4.31
Hilly, steep slope (20-50%) S3 0.4 8.01
Very steep slope (>50%) N 0.1 9.24
Average annual 940.934-1,067.57 mm N 0.1 321.41
rainfall: r
Drainage: d Well drained S1 1.0 0.78
Moderately well drained S2 0.8 119.01
Poorly drained N 0.1 43.70
Cation Exchange >10 meg/100g S1 1.0 122.36
Capacity: CEC 5-10 S2 0.8 67.78
<5 S3 0.4 100.93
pH Moderately acid to slightly acid S1 1.0 0.78
(5.6-6.5)
Neutral to slightly and strong acid S2 0.8 67.78
(6.6-7.8 and 5.1-5.5)
Moderately alkaline and very strongly acid S3 0.4 102.62
(7.9-8.4 and 4.5-5.0)
Strongly alkaline and extremely acid N 0.1 215.92

(>8.4 and <4.5)
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Table 3 (Continue)

Land quality Layer Unit Suitability Rating Area
parameter (sq.km.)

Available >0.2% % S1 0.8 8.20
Nitrogen: N <0.2-0.1% S3 0.4 160.89

available >15 ppm ppm S1 1.0 0.20
Phosphorus: P 6-15 ppm S2 0.8 75.80
<6 ppm S3 0.4 191.45

Available >15 ppm ppm S1 1.0 0.20
Potassium: K 6-15 ppm S2 0.8 75.80
<6 ppm S3 0.4 191.45
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Figure 4 Environmental data; (A) village location of pomelo plantation, (B) slope, (C) average

annual rainfall, (D) soil drainage, (E) pH, (F) CEC, (G) Nitrogen: N, (H) Phosphorus: P and

(1) Potassium: K
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Table 4 Land suitability for pomelo plantation in Ban Thaen district, Chaiyaphum province

Sub-district  Highly suitable Moderate suitable  Marginally suitable Unsuitable
(S1) (S2) (S3) (N)

Sq.km % Sq.km % Sqg.km % Sq.km %
Ban Thaen 17.56 5.46 22.39 6.97 11.88 3.70 3.58 1.11
Sam Suan 50.56 15.73 17.03 5.30 13.44 4.18 13.87 4.32
Sa Phang 12.76 3.97 18.44 5.74 4.65 1.45 5.87 1.83
Ban Tao 24.19 7.53 24.10 7.50 11.88 3.70 3.58 1.11
Nong Khu 22.04 6.86 17.65 5.49 11.85 3.69 3.28 1.02
Total 127.11 39.55 99.61 31.00 53.70 16.72 30.18 9.39

Legend

Land suitability for pomelo plantation

I Highly suitable
[ Marginally suitable

Moderate suitable

[ Unsuitable

Figure 5 Land suitability for pomelo plantation in Ban Thaen district, Chaiyaphum province
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Factors Affecting Potato Growing Practice of Farmers in Sansai District, Chiang Mai
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The objectives of research were 1) to study the personal and socio-economic backgrounds of
the potato growers in Sansai district, Chiang Mai; 2) to assess the degree to which such potato growers
undertake the cultural practices as recommended by the agricultural extension workers; 3) to examine
the factors affecting the potato growers’ implementation of the recommended cultural practices; and
4) to assess what the potato growers consider to be their problems, obstacles, and recommendation
of potato grower. The needed information was collected using the questionnaire from 131 samples of
potato growers in Sansai district, Chiang Mai. Data collection were using the questionnaire. Statistical
techniques used were percentage, arithmetic mean, and standard deviation, the multiple regression
analysis.

On personal and socio—economic backgrounds, the study found that the majority of the
sampled potato growers were male, 56 vyears old on the average, married, with primary school
education, having four members in the family, with two family members in labor force, shouldering
averagely 134,500 Baht household debt, earning 5,938.93 Baht per household income per month on
the average, and occupying averagely 10.76 rai. These potato growers had 9.53 rai of farmland per
household on the average. Most of them participated in agricultural training session once a year as well
as get in touch with agricultural extension workers, obtain agricultural-related news and information
averagely three times per month, and have 12 years of experience on the average in growing potato.
Generally, the potato growers under study undertake the potato cultural practice highly in line with the
advice from the agricultural extension workers. Meanwhile, the factors contributing positively at the
statistically significant level to the potato growers’ adoption of the recommended cultural practice

were found to be age, the number of family labor, contact with agricultural extension workers, and
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years of experience growing potato. The common problems encountered by the potato growers were

reported to include plant disease spread, high cost of production, soil quality degradation, crop damage

due to climate change, and low- quality output. The potato growers advised that the agricultural

extension agencies organize training sessions on pest and disease control in potato production, find

measures to elevate the buying price of potato, and help enlarge the market for potato output and

products.

Keywords: factors affecting, practices, potato growers, agricultural extension
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Table 1 Potato growing practice of farmers in Sansai district, Chiang Mai
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Potato growing practice of farmers X S.D. Description
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Table 2 Factors affecting potato growing practice of farmers in Sansai district, Chiang Mai

Independent variables

Dependent variable

Potato growing practice of farmers

B t Sig.
Sex 0.014 0.440 0.660
Age 0.013 5.392 0.000%**
Stat -0.064 -1.428 0.156
Edu -0.026 -0.700 0.486
Mem -0.020 -0.936 0.351
Labor 0.111 3.328 0.001**
Debts -1.263E-8 -0.165 0.870
Income -3.401E-6 -0.217 0.828
Area 0.002 0.373 0.709
Train 0.035 1.194 0.235
Cont 0.075 3.044 0.003**
News 0.005 0.446 0.656
Exp -0.010 -2.890 0.005**
R? = 0.397 (39.70%) F =5.915 Sig. of F = 0.000

** Statistically significant level at 0.01
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The objectives of this study were to explore: 1) socio-economic attributes of farmers rearing
dairy cattle; 2) knowledge and good agriculture practice for dairy cattle farms of the farmers; 3)
farctors effecting knowledge and good agricultural practice for dairy cattle farms of the farmers; and 4)
problems encountered and suggestions about the good agriculture practice of the farmers. The
sample group in this study consisted of 180 dairy cattle farmers in Sankampaeng and Mae On districts,
Chiang Mai. A set of questionnaires was used for data collection and analyzed by descriptive statistics
and multiple regression analysis (inferential statistics).

Findings showed that most of the respondents were male, 50 years old on average, single,
and elementary school graduates. They had the following on average: 4 household members; an
annual income earned from dairy cattle rearing for 792,582.24 Baht; 45 dairy cows; 9 rai of dairy cattle
area; 2 sources of capital source; 13 years of experience in dairy cattle rearing; 9 times per year of
data perception about dairy cattle rearing; twice a year of agriculture extension worker contact; and
twice a year of a training on dairy cattle rearing. The respondents had a high level of knowledge about
regulations of good agriculture practice (73.33%). As a whole they also had a high level of good
agriculture practice for dairy cattle farms (X=4.23). This was on the basis of the following: water
management (X=4.45), raw milk production (X=4.42), animal health (X=4.33), dairy cattle feed
(X=4.31), farm components (X=4.29), environmental management (X=4.21), farm management (X=4.13),
animal security (X=4.03), and data record (X=3.84). A factor effecting knowledge about good agriculture

practice for dairy cattle farms found at a statistical significance level (positive) was data perception
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about dairy cattle rearing (Sig.=0.034). Likewise, factors having an effect on good agriculture practice
for dairy cattle farms with a positive statistical significance level were age (Sig.=0.008) a number of
household members (Sig.=0.031), an income eamed from dairy cattle rearing (Sig.=0.039), and
agriculture extension worker contact (Sig.=0.046). However a factor having a negative effect found was
a capital source for dairy cattle rearing (Sig.=0.031).

The following were problems encountered in good agriculture practice of the respondents:
lack of the capital for improving their dairy cattle farms; their dairy cattle farms were located in the
community area; inadequate roughage (maize and grass) for dairy cattle feeding; concentrated feed
was expensive; inadequate water for use in the dairy cattle farms; workforce on the farms were not
knowledgeable and skillful; the dairy cattle had problems about its toes; rather unsuccessful in
artificial insemination; retention of placenta in new born calves; animal diseases; and lack of
knowledge about medicine used for healing dairy cattle. The following were suggestions of the
respondents which should be done: 1) establishment of the center for producing or collecting
roughage; 2) concentrated feed price control by the Department of Livestock; 3) the veterinarian take
part in toe disease control and successful artificial insemination; and 4) knowledge extension about

dairy cattle disease healing.

Keywords: knowledge of dairy farming, sood agriculture practice, dairy cattle farm
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Table 1 A number of farmers rearing dairy cattle based on a level of knowledge

about the regulations of good agriculture practice for dairy cattle farms

(n=180)
level of knowledge about good (N) (%)
agriculture practice for dairy cattle farms
Low 1 0.56
Moderate ar 26.11
High 132 73.33

X =13.80

SD = 2.399

Min-Max = 3-18

0-6 = Low; 7-12 = Moderate; 13-18 = High
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Table 2 Mean, Standard Deviation, and levels of good agriculture practice for the dairy cattle farm

(n=180)
Good agriculture practice x SD Description

Farm components 4.29 0.60 Most
Dairy cattle feed 4.31 0.52 Most
Water management 4.45 0.53 Most
Farm management 4.13 0.56 Most
Animal health 4.33 0.51 Most
Animal security 4.03 0.66 Most
Environmental management 4.26 0.59 Most
Raw milk production 4.42 0.49 Most
Data record 3.84 0.74 Most

Total 4.23 0.47 Most

Mostly = 4.51-5.00;, Most = 3.51-4.50;, Moderate = 2.51-3.50; Low = 1.51-2.50; Lowest = 1.00-1.50
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Table 3 An analysis of factors effecting know ledge about good agriculture practice of the farms

Independent variables

Dependent variable

Knowledge about good agriculture practice for

the dairy cattle farms

B t Sig.

Sex 0.066 0.136 0.892
Age -0.009 -0.336 0.737
Marital status 0.878 1.666 0.098
Educational attainment 0.725 1.471 0.143
A number of household members 0.105 0.747 0.456
A number of workforces -0.069 -0.504 0.615
An income earning from dairy 4.583E-8 0.144 0.886
A number of dairy cattle -0.004 -0.385 0.701
Dairy cattle raising area -0.018 -0.863 0.389
Capital source 0.142 0.741 0.460
Experience in dairy cattle raising -0.027 -1.136 0.257
Perception about dairy cattle raising 0.046 2.132 0.034*
A number of contacts with livestock officers 0.277 1.767 0.079
Training about dairy cattle rearing -0.136 -1.202 0.231

Constant 12.642 8.547 0.000™

R?=0.168 (16.80%) F=2375 Sig. F =0.005"

“Statistically significant level at 0.05; " Statistically significant level at 0.01
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Table 4 An analysis of factors effecting sood agriculture practice for the dairy cattle farms of the farms

Independent variables

Dependent variable

Good agriculture practice for the dairy cattle farms

B t Sig.

Sex 0.023 0.240 0.811
Age 0.014 2.704 0.008**
Marital status -0.059 -0.560 0.577
Educational attainment 0.073 0.740 0.460
A number of household members 0.061 2.178 0.031*
A number of workforces -0.003 -0.104 0.918
An income earning from dairy 1.317E-7 2.077 0.039*
A number of dairy cattle 0.000 -0.126 0.900
Dairy cattle rearing area 0.005 1.156 0.249
Capital source -0.083 -2.170 0.031*
Experience in dairy cattle rearing -0.006 -1.276 0.204
Perception about dairy cattle rearing 0.003 0.735 0.464
Agriculture extension contact 0.063 2.009 0.04¢6*
Training about dairy cattle rearing -0.042 -1.865 0.064

Constant 3.333 11.326 0.000™

R?=0.163 (16.30%) F=2288 Sig. F = 0.007™"

“Statistically significant level at 0.05; " Statistically significant level at 0.01
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Culture Technique for Frog-breeder (Hoplobatrachus rugulosus)

to Prevent Bacteria (Mycobacterium spp.) Infection on Internal Organs
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The objective of this study aims to reduce Mycobacterium spp. infection on intimal organs of
the frog-breeder. The experimental trials were triplicate divided into five groups, T1: Dry rounded
cement tank, T2: Rounded cement tank with water 60:40, T3: Dry squared cement tank, T4: cage on
land with water, T5: Floating cage in concrete tank. All experimental group were challenged in the
Mycobacterium spp. dissemination place. The frog-breeders were stocked at fifteen frogs per square
meter. The frog-breeders; the overall weight percentages increase of flog broodstock in the different
rearing type were 0.00+20.99, 44.25+56.34, 0.26+5.16, 20.00+6.78 and 16.23+8.10, respectively. There
was a significant difference in weight gain of group 1 compared to group 2, 4 and 5 (p<0.05). The
survival rate of frog-breeder in the different environments were 90.63+6.25, 100+0.00, 93.47+7.53,
97.91+1.39 and 97.91+1.39%, respectively. The highest survival rate was observed in group which frog-
reared in the half-water rounded cement tank (Group 2) and it had a significant difference from reared
groups 1 and 3 (p<0.05). The biopsy results, there was no detected of Mycobacterium spp. In the
group 2 by PCR method. Furthermore, the frog tadpoles of the frog breeding in group 2 were showed

a normally growth rate.

Keywords: Mycobacterium spp., frog, tadpole, frog-breeder technique
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geanansaaneneansanaidenlasie (Chinabut et al.,
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IWunsszunluiuszmalagansdminiing
ANTTUYT TUUIMN NTPUATATOLTEY NTUNNUMUAS
¥au3 dmu neen guasesil wesadund wel
nmifedestastelinumsnshussmauiudey
Bsdemiewiiusnulignies Tasnisiguuuy
msdsuuu it s Sune dsenusely
Snvaretorznisluresnuiiinisinde
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Y

ushnudu (Figure 1)

l(" '

Characteristics of Mycobacterium spp.

It is a creamy white spot on the liver

Figure 1 Frog disease caused by Mycobacterium spp. infection showed white nodules in interal organs
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Figure 2 Unseen internal rounded cement tank for frog-breeder
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Weawuailsy Mycobacterium spp. laglavinn1sae
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(Figure 3)

Figure 3 External appearance of rounded cement tank for decease frog touching rate
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Table 1 The weight of frog brood stock in different rearing type

Experimental sets

Percent weight gain

T1 (Dry rounded cement tank)
T2 (Rounded cement tank with water 50%)
T3 (Dry squared cement tank)
T4 (Cage on land with water )

T5 (Floating cage in concrete tank)

0.00+20.99°
44.25+56.34°

0.26+5.16°
20.00+6.78%°
16.23+8.10%°

The different of English alphabets showed the different values by significant with p<0.05.
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Woddud auddy Fe8nsnissenngvadrion
fugnuunilidsdluvonauaisunaiain (T2) fi8ne
n1sseanIegefian uaznindsduzluuuniaies

Penanuiinavinlionsin1ssenneiaNULANAIIAY

98198 d8d1AgN19adA (p<0.05) (Table 2) wANFing
21NN15NAaBIUBY Thonklongsy et al. (2011) la
AnwnsiamgULuunsdssnugnuasluUetiuug
nyzdeuazuofu WU'jWEULLUUﬂ’rﬁL?:ENMﬁmm
wansnefunsadfuarnsiasdutedwudviles
gnnuiidnsseniivian sesasmnfe madedlunseds

LATUDAY MINAIAU
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Table 2 The survival rate of frog-breeder in the different environments

Experimental sets

The Survival rate

T1 (Dry rounded cement tank)
T2 (Rounded cement tank with water 50%)
T3 (Dry squared cement tank)
T4 (Cage on land with water )

T5 (Floating cage in concrete tank)

90.63+6.25"
100+0.00°
93.48+7.53%°
97.92+1.39°
97.92+1.39°

The different of English alphabets showed the different values by significant with p<0.05.

HANT7TIALY0 Mycobacterium spp. we
WA UTNUUINYANITNAADY LUASIVT O
Mycobacterium spp. lagniedugasisadnd aug

[

daunng wnInerdeideduil wureulRugnuw
=

[
a

fidsdlunsedaun (Ta) uaswouslugnuuidesly
nsedenn (15) fnsinde Mycobacterium spp.
wazlainwuide Mycobacterium SpP-2INYANITNARDS
9 9 winnmstugmsdnuaziaunAvesisutiugny
fimeszrinamamaaemuin madsmensiiugnuun
Tuvedwudnausssuniyaniunu (T1) Uedivasy
(T3) nszdaun (T4) uaznseda (T5) nunshinide
Mycobacterium spp.9949i821zn18lu lngagwu
99UAs 9 AN Tvies viowulsafivinuazda

[ 1%

wanndamunousuavgunedeizagly s

fu NsgmnzeInIshazanld Tudnsndevay 38.4,
30.8, 15.4 kag 23.1 #IUAIAU drutensaunainn
(12) ldusngnismeuazlainuide Mycobacterium
spp. 3MNN13ATIalsAlaeniledugasisndnd Ay
Fnunnd urnIneaelesug (Table 3) 91Nan1s
n3INT Mycobacterium spp. WUIMWoRINUTNULY
Masdlunszdeunuarnsedainisinge
Mycobacterium spp. mmalﬁﬂﬁnﬂé’ﬂwmzmﬂgﬂd
soudwugnuunfinisusiilutedesdidinisdudie
vaadunaennal vlinudndeuuniiie
Mycobacterium spp. tienimsdeduvonieun
A3 esandentiunadainiiudiuniielinu
9de saaiinnsindaveidelannit annisava

dy a a -] 4 a o
VBV UANLIY Vl’]i%ﬂUiJE]mi’]iaﬂ@]’]EJq&
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Table 3 Detection of Mycobacterium spp. infection in different rearing type of frog brood stock

Experimental sets

Disease examination results

T1 (Dry rounded cement tank)
T2 (Rounded cement tank with water 50%)
T3 (Dry squared Cement Tank)
T4 (Cage on land with water )

T5 (Floating cage in concrete tank)

Positive
Negative
Positive
Positive

Positive

Positive result mean Mycobacterium spp. infection, negative result mean non Mycobacterium spp. infection.

HATBINITN VBTG Mﬁﬂﬁ]’]ﬂéﬂﬁjﬂﬂ’ﬁ
nsneaedlfimeusifugnuuindeunausiugluge
navnaesd 1, 3, 4, uay 5 finsaanuindinisinie
Mycobacterium spp. WINANIINAGOUIIN
Mo URnsuazdnvaeRiaUnAngaaInn1IaNe lag
nsAmdeniawiiudiuiluimigaeeiuglule
FUUAIUIA 3x4 WAT HaUsIngItandenluyn
nAaesil 1, 3, 4, way 5 insnelutisszeiian 7-
10 Fu §a51113978 100% ludruvesyanaassil 2
MNsAmERNKAZINIEIE18TLS NUIgndenildnsa

nM3RsAulaundn wazlileigndenanynynnis

The death of tadpoles between

3 and 7 days of age

vaaeadl 1, 3, 4, 5 lWdwmsalagds PCR ilonde
Mycobacterium spp. HauTIngingndenlugnnaass
b 1,34, uay 54 mMsAnde Mycobacterium spp.
ANBULAITAILVDINERATEEY 7-10 TU
ndanfindushiiinisinde Mycobacterium spp.
ountsmsariionnisitetimsun e lveudu
91%15 Ay §du Faln ndantuazmeioy
wanuaniely 12 Falus 9IN13M18VBIGNEBANTEY
100% Fa3ennsmonuuiiinmesiu Ssennsuuud

inTuegrasInsinely 24 F1lua (Figure 4)

Figure 4 Death appearance of tadpoles after hatching 7-10 days
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Wowrdieg1egndenlunsianiavias

UHURNMIATS PCR (Polymerase Chain Reaction)

o ' A o 1 = I3
HAUTINAIINI0E NN UIEINTIFUNALTUUIN
(Figure 5)

Veterinary Diagnostic Laboratory

Faculty of Veterinary Medicine, Chiang Mai University, nse 1. Muary, Chiang Mal, Thatand 50100
Tel 053948081, 083-948042 Fax. 053-948041

www.vet.cmu.ac.th, e-mail : vet_diag@chiangmai.ac.th

Molecular biology laboratory report

Date..........coceerrernns04/10/2016...oooovvvnnisnsssiiinsssssinins Lab No. PCR16-226.
owner ... wnATuTaldrmnaaa U810, Case NO. ... D16-2637. iciciiisivisivimisiemasiisnsidiie
Address Sender......ueeuns BIRUSR. UMY sisiosiivossvirianiionaesaissantosse

Molecular biology laboratory results

No. Name Method

Result Remark

1 Pooled andam PCR

Positive

* Detection of 16S rDNA by using primer Mycgen-F and Mycgen-R (Wilton and Cousins, 1992)

Figure 5 Detection of Mycobacterium spp. infection from laboratory test

#3UNan153Y

nMsAnwgULUUMIEBe-wlRudiile
Jastumshnidonuaiiieluatoaraelunudt ns
Wt uresiminreusiiugnuunidedudenauaie
unAssidvesifudnisiuduvosiuiinuiniian
44.25 Wos\dud dn31n13ennieraInawliuinuun
Tuvenisunaienidnsinissennisgegn 100
Wesidus mstnile Mycobacterium spp. lueue
aeluresisusiiugnuurlutenisunaini liwy

NSRRI Mycobacterium spp. Tusiuiznglu

NHANITVAaBIRAAdITLANIIFULIUNTS

a

Wesiawliugnuinimingauniga iedesiunisin

s

dy a a [ = dy 1 [
Wanuasgluedotzniely Ae nsidesnandnug

q
'

=

nuulutefusnauuuuriaunaisiludadauiiy
unseiufitminty 60:40 neuvisldinadianise
Fouosensainde (HC wazndndaaiiendns
vonhneuneuifusnuasiadsarldinaie
Wasudgiineunasuddlieimisyniionfeusy
fnwanuavenanuiiasdnsanizdi guaszsios

wandesduranawiiunuulaense
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Efficiency of Wolffia globosa (L.) Wimm Production under Light Control System
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The purpose of this research was to study the efficiency of Wolffia globosa (L.) Wimm
productivity under light control system. The methodology was divided into 3 steps; the 1% was designing
production system under light controller; the 2" was experimental design for productivity comparison
between light control system and outdoor nursery house semi-close system (8 experimental units per
system; 16 total experimental units) for the period of during 30 days and the 3™ was studying and
efficiency of Wolffia globosa (L.) Wimm productivity under light control system. Water temperature, pH
and electrical conductivity of were collected twice a day. Physical characteristic and production level
of Wolffia globosa (L.) Wimm were evaluated once every 5 days. The data were analyzed by Fisher test
at p=0.05. The results revealed that the light control system was more efficient than outdoor nursery
house semi close system in all aspects including control factors, physical characteristics and productivity
aspects. The average fresh weight of total production was 174.66+13.53 grams (starting at 30.11+02 grams)

and dry weight was 7.82+1.48 grams which were essentially significant (0l=0.05).
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srutlsnFounanudafisln elufutiaduaiuay
FneUEN1INEAIN wasundnan Ll g uvinfu
174.66+13.53 n¥u (Budu 30.11x0.02 N3%) uay
vhweinufasindu 7.82+1.48 nfu uasauuaneng

o o

peeltlydAYNINana (0=0.05)
AENARY:  STUUAIUANLAY NSWER LUt
A1

Toj1n Wolffia globosa (L.) Wirnm 10wl
asutheglunsd Lemnaceae (duckweed) fivunidn
venrududendi@einaunsoiiaunay Jvuin
ushugudnansUszanas 0.5-15 uu. e dufieiid
sprnaneewusdy WWnandnun durumsuane
(Tira-umphon and Nitwatthanakull, 2018) wagil
U%inzumiauqq 34-45% (Ruekaewma, 2011) 34
Fourlyviundudrunanluoinisdnddn
(Chantiratikul et al., 2010) \Judrunaulusinig
Uan (Sricharoen et al,, 2001) waziludunauiiie
RRGAIGRGRISRREY (Panwanitdumrong and Rowchai,
2009) Wefluenarniiienanduemsdniuda nns
vilnaflalduermsvesyudAtuutudiutudae
wumsildisnfudumasluwnadeamiu vewsn
YUULN 8UUTAR (Chatrakul, et al., 2012) way
wansaatluiuky (Deepanya, 2012) waziilasain
anudasnisuslneltihvesyudidionilfnman
”Lszhfﬁ'wLﬂué’aaﬁﬂﬁa5\‘1msaam%’waa;§ﬁ1mﬁgﬂL'%'aq
Auvasnfeannansiaiilunmasiuagnaudilafis
Uszasdannisuanlai finuandsdinisdneisen
wunsiawzuuuunsuanlidni oldldwandn
m'aLﬁ'mLLazLﬂuﬁsJau%’mJaw:iU%Im D17LTU NITHER
9idetslelasluinddeililaduaiagdulng
aze1n Yaoady wavlufindum1a (Damna et al,,

2017) nswanldunluszuudlnadsuluwursiuda

vl dnandalivndusualusiuganiinisuan
Tusyuuthile (Ruekaewma et al., 2015) Ms@ne
ALY uYe by U udud e 15
Wosidud Fuhlnldnananliigian (Ruekaewma,
2011) warmsAnwsEEzaLAURgmanEn LT
wangawd 20 Yu Fevilildnandnlaigean (Tira-
umphon and Nitwatthanakull, 2018) ag19lsAny
usnaneAfefnaudmdnnsmuauuasdady
Tsead19s5sumAf imnuddadmsunsyuiunis
wasliihfdusnmadenlunsiannnsiunendn
16(1'51LLazmu@:u@mmmaaiﬂfﬂﬁtﬂuﬁaau%’waa
QU‘%IﬂﬂLﬁummﬁyué’wmiuﬁu fesananuduuas
LAETI5EHEIAINS TULE L Ud WA oN5EUIUNNS
Fums1e9inas (Photosynthesis) vl efte@idealasu
wes paelsiladlufivariddsundinuuandutaa
nglaa 1 uarufaeendiau Tanglaaasiudeuwdy
wlaAvazauliludiunie g vesiy va8liai
Wigiulawazadmananlan Madanuduuauas
42958 8ZaIN T U I zanasuana1 et uly
auilavesiiy Wy Annanendeenisanuduuasd
AU 180.79 pmol m?s! 538213810155 Uuas 16
3. Lﬁamm’%m@dmﬁﬁﬁﬁmﬁﬂa@ duinuiouaz
ﬁauaamaﬁqm (Petchthai and Thongket, 2017) 912
W8I A09n15AMLTNLAIT 11NNTT 800 waz
2500 an% it esnuIsEauLoulnlyedunay
paelsiaaluluresaunditraimidean (Phoonsiri
and Kong-nger, 2014) NgLNSN INTEN LATULIAN
ADINTTAMUTULAS 1,100 QUi S2EzlIaINITTULES
12 %, 1len1stasqAvTadunugs Auning
n3any uazdruulyu (Yothatip et al,, 2010) A
audFyvesuasd udulasead1esssued uay
Snwazianizaefisd danudesnisdadelunis
L3gLAUTaLANA1IAUY nMsfnu3feisdldimanns
n3AuANlATIETI9TINIAT THad B HANA RN
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mavausadliiinulngAssiuanIngssud lned
fnguazasd i ofnw1UszAns nmnnandelavly
FEUUATUANLAS LABN1T88NIUUTEUUATUALILAS
dansziannvaealiueaditussuuln (AauAuAY
WULAATEEEIAINTTULAS) TABINUNLNTT
nAas wazTouiisuUszansamnauanlyinly
sruuAmUANLAY wagnananldiilussuulsaeu
nanaudaisln (Anuduuauaszorinainsiuuas
AUEITNIR) HansAnwTlduananyilinsude
UseAnBamvessruunisuanlaiiamelinisaiua
waaudfiansmivenananisinuildluiaunse
goaldiuinuasnsgaulandnlyvised osldld

Usglgvuanmalulad niuseansnnwkarsian bulwne
lamaly

AR IUN5IY

nsfnwUseAnsamnisndnlidilussuy
muAuLas TidLiunAdusenineiuil 1-30 wwieu
. 2563 lnefseasBondell
1. NMPDNUUUTLUUAIUANLES HITN15AD

1.1 fiudoyarudunas gumgih uas
gaumniionniavn q 2 $2lus (a1 08.00-16.00 11.)
aelulssFeudgnitsuuulalasinindd aduszuy
Tsefounateudef sl nvesinendoinunsuay
walulagaiugsondl snnenuy Jminginugsond
nnfu iiuna 7 Fu Tuiindranudunasads
naen Ty 1l 9U1ToYA111IUNLN1TEBALUUTEUY
ATUANKAS

1.2 99NWUUTEUUAIUANLEILAEANYN
SURUUTEUUAIUALLANIINUNANIUITEY UnAIY
A3 nerdinug dsseRviuaransdnsnitany

NEUBITUTEUURIUAN LA

1.3 a31958uumIuANLaIdIMTUNITNER
Lot Tneldfoyaiildann 4o 1.1 wae 1.2 Sauiutan
gUnsaifmlfielutiesiu
2. MFINURUNINNADY LI5N15AD

2.1 MAUARNUAISVAGEY FaUTENaUMIE 2
dmnanife dmmaaesd 1 nsuanldurluszuude
FeuasdnaTsianvaonliueadfaiavasnu 7
SLAUANULTULAL 20,000 8NGY TLHLLIAINTTTULE
12 %y, Aamnaesdi 2 nsuanliunlusyuulsadeu
nanaudeReln Amaasdes 8 91 SIS 16 e
NAaDY

2.2 NM5AMUARILUIAIUAL 91UIU 5 67
s Ihun dildmaaes dandnldvhanis udy
a1savanesme sy (Yo A Usznaumeunaldu
luwwsn 0.970 nn. Fe-EDDHA 0.082 An. 533 1.052
nn. avaneluthazenn WAUSIms 5 Gns wasle B
Usznoumeluuna@euluwsm 0.192 nn. uundiges
Fawn 0.279 nn. lululdueaiGounoas 0.11 nn.
Micro Element 0.012 An. 591 0.593 nn. azangly
thaven WldUsunns 5 ans) svevainsuanuas
ANENVRILN FaudsausIuIL ¢ Fauds Taun
qmmqﬁugﬂ anudunsauazaie ainasdlaily
dhwinanuasuisvadlaii
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Toyq 19U 30eTnAuduLE gaunnil Ay
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Aradunsalazas (pH) 5.70 91U 12 893
sviunTuEnuesh 10 vy, lihan 30.00 n$u Hns
szuUlHlagUs UMD ULELYINAY 20,000 SN
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() (F)

Figure 1 Physical characteristics of Wolffia globosa (L.) Wimm in light control system

2.1.3 Usuifuit 3 nandnvedlyunly
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Figure 2 Physical characteristics of Wolffia globosa (L.) Wimm in outdoor nursery
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Table 1 Control factors comparison between two systems of Wolffia globosa (L.) Wimm production

Control factors

Light control system

Outdoor nursery house

semi close system

Water temperature (°C) 29.49+0.15° 34.81+0.08"
pH 6.52+0.05° 8.31+0.15°
Electricity conductivity (mS/cm) 0.79+0.02° 0.93+0.02°

3 bsignificant difference in mean of row at p<0.05
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(p<0.05) (Table 2)

Table 2 Wolffia globosa (L.) Wimm production comparison between two production systems

Yields (grams)

Light control system

Outdoor nursery house

semi close system

fresh weight
Dry weight

174.66+13.53°
7.82+1.48°

104.45+5.21°
5.09+0.25°

absignificant difference in mean of row at p<0.05
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Nan Golden Orange is a geographic indication plant of Nan province. It is also an important
economic crop. Having information on the genetic variation of Nan Golden Orange will be of
conservation benefit and genetic management, valuable to plan more proficient breeding programs.
The genetic variation was evaluated from 5 groups of Nan Golden Orange leaflets (30 samples in each
group), which were collected from 1. original Nan Golden Orange propagate vegetatively (G1) 2. seed
grown from original Nan Golden Orange (G2) 3. Nan Golden Orange farm (A) 4. Nan Golden Orange farm
(B) 5. Nan Golden Orange farm (C). These samples were investigated by 5 microsatellite loci. The
number of alleles per locus (A) ranged from 5.00- 5.40, allelic richness (A,) extended from 4.79-5.07
alleles, observed heterozygosity (H,) ranged from 0.92-0.97, effective population size (N.) was small in
the sample B. The bottleneck was found in sample G2. Genetic differences (pairwise Fsy) were found in
samples G1, G2, B, and C. Consistent with the dendrogram, sample G1 was different from other samples.
The genetic distance was the highest between G1 and B (0.166). The genetic variations in the Nan

Golden Orange were the result of management which demonstrated the importance of conservation
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and genetic management. Understanding sood propagation practices for preserving genetic diversity will

help maintaining the quality of the Nan Golden Orange in order to be conform with the quality of

geographic indication.

Keywords: genetic variation, geographical indication, Nan Golden Orange, Citrus reticulate
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aunTULAaZISNT

FIUTIADYNNAFUN
uTmsesaensouduAnesniiuiiugn
dudandauiudiuig 5 nauslegie av 30 AaeE9
1éun 1) dufsmouiudaiu (G1) 2) Auilinnwig
wAnduuday (62) Hangu 1 wag 2 72U52970
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Fosuiuganuvdduuazveeiuglaensmeuianin
duflanysaluaglaiflsaneluau (A) 4) amududnes
g1LN99 9119 FMIAUIU AUAFIULUUNYATEUNTE
ligafuiuganuudsdu veneiuglponisneuisan
Fuiauysaluazliflsaneluau (B) 5) aududnes
81L19¥9%19 FmTAUY guaFIUANENoIUIUIUY
\nunsBurEe desuiuganunasduLaseeRuilag

a v o ¢ |
ﬂ’]ﬁ(ﬁla‘uﬂﬁﬁ]’]ﬂﬁlu‘waugimLLaxluuiiﬁﬂﬂﬂiuﬁ’m (C)

nsnsziluiesu)innis

ANYIAIIUNAINNAIENIIN UGN TTUIIN
wIomnsluanalulasuavivalasi lagi3nimeas
aeRunALuelnemailafitens uavdaumeinaila
Silver staining fiupousail

1. afafdueainsenseudu lngldynain
Ao uLeY (Qiagen) TnUsuwudioule lnawmaila
3i8nnswesdauuesnilsana 1% sewsedidnlng
WosTauuuueu (BIO-RAD SubcellGT, Italy) uay
iunszualiliin 70 Taad w30 Wit ndeniuth
WHULIANNE BUR8E1ST aUALE UL (FluoroVue
Nucleic Acid Gel Stain, SMOBIO, Malaysia) WiguUSuey
ALOUETBIIBENAURDUENIRTEIY

2. vndwIuAiduelaeUfAsengnlened
LIBSLSa (Polymerase Chain Reaction; PCR) UStaad
lulasuavmalat 5 dunus lawn GB-CU-098, GB-
CU-125, GB-CU-096 (Elcy et al., 2012), ACO1 way
CT19 (Barakley et al., 2006) fau@1588a189G015
10 lulasans Uszneumemduesuiuy 1 laulasans
(AMULLUTL 10 unlunsuseolulasans), 1X duwes,
dindalelne lasneains (ANTP,) 0.2 Hadlua,
wuntl@eunanlsn (MeCly) 1.5 dadlua, Insiwes
Forward Lay Reverse ag19ay 0.2 lulaslua uay
Tag Polymerase 0.12 lulasans (ExcelTag, SMOBIO,

Malaysia; 5 lulasnsuselalasans) Wusuaundue
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a

A8LAT89 Thermal cycle (BioRad, MJ Mini Cycler,
italy) f393nsidens 5 193ns Ae 1) oaumgidivils
418/ 19 ULBLENBNIINAY (Denaturation) 94°%.
2 W9 U 1 50U 2) gaunil 94°w.u1 30 Fud
gung A9 lws wesuunizfuatsd s ued sy

[

(Annealing temperature; Ta) @130 5 Twsiues

a

AD gl 52°%. WU 30 TUIN wazgunqd
Taq Polymerase @1u15agauaafiduLeliauysal
Wuddueid@ulva (Extension temperature) 72
DIANFALT A WKW 30 TUN TIUIU 40 TOU Uy 3)
QAN 72°%. WU 5 W

3. LUNHANARALDULEA WAL ADLANINS
Wo3Tar1U 6% Denaturing polyacrylamide gel 8
w3 09818 nTnIne3Tauuasa (SCIE-PLAS SEQ3341,
United Kingdom) Tudivliwes 1XTBE wnunszualuiin
1,200 Taadt 1uiian 3.30 Falus deudbuaiiuen
YUIALAINBIMATLA Silver staining (Promega, USA)
Tngddueduiudanieslumse (Silver nitrate) 1Ju
woudthmadufianansoueadiusiona Savunn
19340aAa (Base pair, bp) ULLKULIATILAaL AL
Tnenfisusumunisfinidavediiuiuanes pGEM-
3Zf (+) Vector (Promega, USA) Yuvindlulndwes

LARTAIDLNY

nsAATIEidaya

1. UseduAuvaInmaten1eiug NI sy
aeluuszans lnedulnua 1A b 10iuoada
(Allele frequency) TulmazAunUIIoIUTEYINT Fne
TUsunsU GenAlEx version 6.1 (Peakall and Smouse,
2006) 91UIULDARAABALNUI (number of alleles
per locus, A) A1 Effective number of allele (4,) A1
wwelslalndi (Heterozygosity) uazAduusyans
1o (F-coefficients) Taaladlusunsy GenAlEx
version 6.1 (Peakall and Smouse, 2006) A1UIEUAN
Allelic Richness (A,) Taeldlusinsu FSTAT version

2.9.3 (Goudet, 2001) U5 8ULN YUSLAUAINY
NANTAYNNAUTNIIUIINAY A, T8MINNGUAIDES
1ne35 Mann-Whitney U

2. mimaaumiLﬁ'aﬂwmmamaaﬁa—
1030 2e9AudslulndAunassundanigly
Uszr1ns laen1susziduan Exact p-value A18735
Markov chain #1475 9934 Guo and Thompson
(1992) (Dememorization = 1000, Batches = 1000,
lterations per batch = 1000) TulUswnsy GENEPOP
version 4 (Rousset, 2008) kazliuseaumNLIRe
Hu (p-value) dwisunslitoyaiinszviemaendy
(Multiple tests) #2875 Bonferroni correction (Rice,
1989)

3. Useiliudnuau Effective population size
(N.) Imelusunsu NeEstimator version 2.01 (Do et al.,
2014)

4. Yszlunsiian1ieravinlunguaiedis
Tnglusunsu Bottleneck version 1.2.02 (Piry et al.,
1999)

5. UsglduAnunainnatgn1eawnug ng s
3EMINUTEVINT AINNTIATITRAMNULUTUTIUNY
Wuﬁqﬂﬁ:u (Analysis of Molecular Variance; AMOVA)
TagAAs1gianuLUsUTIUIENINNUsEANI B uAU
ANuLUsUTIunelulsseins veaeumain QST
581179190 6139819 Iaglusunsu ARLEQUIN version
3.11 (Excoffier and Lischer, 2010) A1528%19N19
Wugnssu (Genetic distance) Melusunsu GenAlEx
version 6.1 (Peakall and Smouse, 2006) A1A274
A19NNUTNTTU (Genetic differentiation) naday
ATILUANANUBIAND woAA AT Az UTEAINTINY
Exact test #13135U049 Guo and Thompson (1992)
(Dememoarization = 1000, Batches = 1000, Ilterations
per batch = 1000) TulUsunsu GENEPOP version 4
(Rousset, 2008) wazUsusyaum1uu19zidy

(p-value) dmsunislddayaiinsieiginalenss
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(Multiple test) @28 Bonferroni correction (Rice,
1989) Ua¥aI1LNURIAUFUNUENIRUTNTITUIMN
ANSEEEUINITUGNTTY (Nei’s genetic distances)
#2875 UPGMA (Unweighted Pair Group Method
with Arithmetic mean) 91n1Usun sy POPGENE
version 1.31 (Yeh et al., 1999)

NaN1538

ANMUAINaI8n18TuUTEYINTVDINGUATDE
wummwmﬂg"dwaaqm%wmsﬂmaqa
Tulasuavmalast 5 awnus Tnedidruiuleadane
Funtis (A) Lafesaunia 5 NauFeg TR GB-
CU-096, GB-CU-098, GB-CU-125, ACO1 way CT19
WINAU 5, 6, 5, 5.2 WAy 4.2 Laada ANUAIAU LAY
uiaznguiiegnedidnadedd nduiedisduimeu
Yrud iy G1 wulls1uiuneadanofiumuy (A)
5+1.22 uoada A1 Effective number of allele (A,)
2.97+0.51 woaaa A1 Allelic richness (4,) 4.99+0.21
weada Answelslalndiannnisdaunn (Observed
heterozygosity: H,) 0.97+0.05 uazaAgwalslaln
FHannsenanTs (Expected hetero zygosity: H,)
0.66+0.06 wazilAn Fixation Index (F,) -0.48+0.07
nauspgaRuduTRn NIz AR N uR LAY
G2 WUl A 5+1.22 Loada A1 A, 3.90+0.94 Loada
A1 A, 5.00+1.22 ueada A1 H, 0.93+0.10 Lage H,
0.73+0.09 uazdl £ -0.28+0.14 ngusitoe1s A Wull

A1 A 5.00+0.71 weada AN A, 3.46+1.20 Loada A1

A, 4.97+0.71 woada A1 H, 0.96+0.03 WazA1 H,
0.69+0.09 Uagilen F -0.41+0.18 NFuMIBE1 B WU
A1 A 5.40+0.55 Leada A1 A, 3.49+0.43 upada
A1 A, 5.38+0.53 woada A1 H, 0.93+0.05 wazAl He
0.7120.03 wazdl £, -0.31+0.10 ngusioe1s C Wull
A 5.00+0.71 uoada A1 A, 3.70+1.07 Loada A1 A,
4.99+0.71 ueada A1 H, 0.92+0.05 LagA1 He
0.71+0.08 Wazile Fi, -0.31+0.17 (Table 1) andwil
ANMAUMAINMANIN UGN TIUT AL Uy
nausegsduAvsiaIn 5 naufiogiedia
manmangn1aiugnsTud lndiAsadud othen A,
Fosdrdvarnunludesldwed 5.38+0.53 (B),
5.00+1.22 (G2), 4.99+0.71 (C), 4.99+0.21 (G1) uag
4.97£0.71 (A) Tl onAFUANLANGIYBIAY
NAINNAENRUTNTTUAINAT A, 1aeTT Mann-
Whitney U-Test WUI15A UAITUNAINUATENIY
Wugnssuseninduinenis 5 ngudiognaiany
narnnatelua19iun19a@i@ (p>0.05) N1SNAABU
A savuvesdndwilulnii dunaldfuend
AANTININENAAET3A-L1ULTsn 69835 Markov
chain wazU5uszauAUUIazLdusI8 Bonferroni
correction Tuusazngudlage nun1sliegluauga
Tuiis 5 nauiegeiiynsums Ssn1seanainauna
unnsiidnewmelslelndfannnsaanane (H.) dou
nrAnemelslelndfannisdune (H,) wazdinn
v slalasunmalarluie 5 nguiaegng

Jeauueanainaunagnsa-laidsn
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Table 1 Average allelic variability at five microsatellite loci of Nan Golden Orange, Nan province

Samples G1 G2 A B C Average
N 30.00+£0.00  29.60+0.55 30.00+0.00 30.00+£0.00  29.40+0.89  29.80+0.50
A 5.00+1.22 5.00+1.22 5.00+0.71 5.40+0.55 5.00+0.71 5.08+0.86
Ao 2.97+0.51 3.90+0.94 3.46+1.20 3.49+0.43 3.70+1.07 3.50+0.87
A, 4.99+0.21 5.00+1.22 4.97+0.71 5.38+0.53 4.99+0.71 5.07+0.86
H, 0.97+0.05 0.93+0.10 0.96+0.03 0.93+0.05 0.92+0.05 0.94+0.06
H, 0.66+0.06 0.73+0.09 0.69+0.09 0.71+0.03 0.71+0.08 0.70+0.07
Fis -0.48+0.07 -0.28+0.14 -0.41+0.18 -0.31+0.10 -0.31+0.17 -0.36+0.15

The indices included the number of samples in each group (N), number of alleles per locus (A), effective number of alleles (A.),
allelic richness (A,), observed heterozygosity (H,), expected heterozygosity (H,), fixation index (F;) (Fs values and probability of
significant deviation from Hardy-Weinberg equilibrium are given for each population. Values underlined indicate statistical

significance, p<0.002, after Bonferroni correction = 0.05/25)

n15U52Ldua1UU Effective population Infinite) NquA39819 B & 11.7 (6.1-23.4) Uaznqy
size (No) WuNaud18g1e G1 491u3uunAUAs - #3889 C & Infinite (67.5-Infinite) N15dan11e
Uszldly (Infinite) (Infinite-Infinite) NquAI8879 G2 ABYIA (Bottlenecks) wulaluna usag1e G2
#1 53.4 (16.1-Infinite) nqusiaeg1s A 51.4 (16.3-  (p-value<0.05) (Table 2)

Table 2 Estimates and 95% confidence intervals of contemporary effective population size (N,),
and the detection of bottlenecks based on Wilcoxon’s test for five population samples

at five microsatellite loci

Samples Effective population size (N,) Bottleneck test
N, Lower bound Upper bound TPM (P-value)
Gl Infinite Infinite Infinite 0.812
G2 53.4 16.1 Infinite 0.031
A 514 16.3 Infinite 0.156
11.7 6.1 234 0.094
C Infinite 67.5 Infinite 0.094
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AULANANNINRUFNITUTENTNUTEYINT
NAUAIBEFUENDIUIUTAMUUANFIIN
WUsNI3U (A1 Global Fer= 0.01559; AMOVA,
p=0.0000) NINAFBUANUUTUTIUNIWUTNTIH
AMOVA U731 1.56% v84A184UsUTIULANIN
AULANAIITENINUTEVING kA 98.44% VBIAIY
wsUTILRLAAIINAMLUANA1aTEnI saunT nly
Uszuns ledasigsinnnusinaseninsgvosngy
H1981991nA7 painwise For 526U p<0.005 WU
AULANA NN NRUTNTTUTENINNGUAIE G1 4
ANUUANANNISAUTATIUAUNAN G2 NJY B waznqy

C woildisnaannau Aluvasiingudlednedue &

Wugnssulusinedu (Table 3) dnsunisnageu
FYYLVNINUTNITY (genetic distance) YBINGY
Freghadiananunnlutieslassd 0.166 (G1:B), 0.141
(G1:G2), 0.110 (G1:C), 0.064 (B:C), 0.06 (G2:A),
0.055 (B:A), 0.048 (G2:B), 0.046 (G2:C), 0.043 (G1:A)
W 0.037 (A:Q) (Table 3) unuraAUFUTUTNIS
WUFNTINIINANTLEI NN NNUTNTTUNUD dudnes
U1y 5 ngudaeggninoenidu nquil 1 Ae ngu
#0819 A War C ngudl 2 Ao ngufiegne G2 wag B
33 2 nqudesiannsodndunguientuliluroed
ngue81e G1 gnamdunguiidamuuansiama

9 '

WugNITUINNGUdY (Figure 1)

Table 3 Pairwise Fsr values (lower diagonal) and genetic distance (upper diagonal) among

Nan Golden Orange

Samples G1 G2 B A C
G1 0.141 0.166 0.043 0.110
G2 0.04262 0.048 0.060 0.046

B 0.05179 0.00168 0.055 0.064
A 0.00398 0.00834 0.00644 0.037
C 0.03229 0.00031 0.00751 -0.00096

Values underlined indicate statistical significance (p<0.005, P-values adjusted for multiple comparisons using Bonferroni

correction = 0.05/10)
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Figure 1 Dendrogram of five population samples of Nan Golden Orange
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wuALMaINgULULYeaLAI nsvselungy
Aegedudnesuiu (C reticulata Blanco) lagdl
Srununeadasesuviaads it 5 NaufegT
FnUe GB-CU-096, GB-CU-098, GB-CU-125, ACO1
waz CT19 Wihifu 5, 6, 5, 5.2 uas 4.2 upada asilan
SruiunoaFalRdssofumisiiyndussaui 5
nquiegadu 5.08+0.86 ueada Weiieudiy
N15AN®IU03 Elcy et al. (2012) Tudu Lima Madu

(C. reticulata Blanco) 9747U 118 28819 WUl

a

FIUIULEAAALRE BE O ULWLY 5.227 woada 7
AWMLY GB-CU-096 & 9 woada wag A1 H, AU
0.873, AWnUY GB-CU-098 4 5 Leada uazan H,
WiNAU 0.966 LagaLnug GB-CU-125 & 10 woada
WagAI H, tY1AU 0.983 mIuaIa U hay Barkley
et al. (2006) Anwrluivasznadu (Citrus) 91U
370 feg1s wufluiukeadawdsnesiuma 11.5
weada laefisuns CT19 & 14 weada waze H,
WU 0.619 wasdi ACOL § 15 woada uazan H,
Wiy 0.130 91ndedunisAnuninusuiuLeada

711LA3 DINU UG AEAILNUIL B8N TUNISAN®IDY

anadurannanduuaneiugdu Hiunuiied ez
suaituiilunissiusiudaegne Tnemsdnunianem
& 1 vl S1uau 150 fheghs Muiluswsaufiedn
Uszanas 100 Alawns Tuveusdl Barkley et al. (2006)
Anwfinsenadudiuig 370 feg19 N13AnYIves
Elcy et al. (2012) Anwdu 1 vila 97119u 118 A9
iwsamé’ummmnawLmdmaxmamqmﬁuﬁﬂ%q
11nNI1 500 Alaas

AUVAINVAIENISRUgNITuAE U sEYINg
Ui dNANeUIUTiTIVTINLNAN 5
nay AsgAuanuvaInatenIesiugnssunelungy
Tndisstuazlisinmeadn anedesinvesdudnes
ﬁmﬁﬂqﬂiuﬁuﬁﬁwfmmuﬁﬁh A, WINAU 5.08+0.86,
A H, WinAU 0.94+0.06 LagA H, WwinAu 0.70+0.07
ANTEAUALNAINNAIINITUENTTUA WUIN
Frog1aanuas LY 150 fegrulazanAesng
Wugnssy 5 dumis ussduiidannunainvane
TndiAeeiuduvidng u wu Tudy Limau Madu (C
reticulata Blanco) 3113w 118 fuiivgnlutseine
wnade Anwilaldiagesmunglulasuennalay
Sruan 22 s Saedsdiuiuloadanemums

2-10 Uoaaa waslAauwiniy 5.227 Loada, A1 H,
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9858719 0.051-1.00 uaziiAnady H, Wiy 0.511
(Ely et al,, 2012) dudnesurudadanunainuaiy
maugnssufideutnaguilefisuiunsdnuives
Barkley et al. (2006) iwuinfiwnsznadudiuiu 370
et Anwilagldiniesmnglulasusnimalayi 24
suntanuIILLeaian e unlellA18g 58I
3.30 upada wasdAnadslaesanvesel H, Wty
0.4318

dmdunmswudnau N, Areuthadeslung
Meg1e B i lviAndedunatianszuiunmsianisaiu
vosnguiiegsi Anviununsnsinsdanisiuiug
Tnensmeuisnduiugnieluamusiiulidnide
MNUVEIEY nnsasiiufiauinuasnsdananuiy
duduiignidenduduiusiauysaiualiifulse dq
Fuwus 1 fuazgnaoul 991uIuvanei wazia
L%ﬁﬂﬁ?‘lﬂ@ﬂﬁﬁﬂﬂﬂgﬂ%@LL%UIU?E)UﬂWTLJQﬂGi@lU Ex
oraduldldinsiinguiiesne B fidwau N, fives
wansfisloniafiuszvinsvosnqudiegne B azdian
wewelslelndanamiefinnisdsuuaininud
weadaddunau1a1nn1svInY2an1eiug Ny
(genetic drift) (Allendorf and Luikart, 2007 ) LtuLAgaiu
nswuanEABYIAlUfIeE1s G2 Muanifauszung
Sruaudria Fuslefiarsananusziinsgnlusses
Gusuldfimsnunuisiugildannnsneududnes
Uruduingalgnainisnoud Ssnadioy Aongu
feene G1 lunsinwnil Tagldsunsaduayuann
aundnvusugugnduuiu $1uau 260 du lul wa
2552 wEINTUIEIEAIN G1 Ao ngufiaEig
G2 TumsAnwiidaduduugnlud we. 2553 S
26 AU AINToYATNAULAAITIAIUFIAYVDINTT
TAN1INUS N130TeyaUseTRvo UR T uaZAS
MannuAnuglagAdadanisshwauvainvany
mariugnIsuiesiiiisaneiiordnuuascevanluds

Jusioly

AULANANNINRUFNITUTENTNUTEYINT
naufaogvdndnesuulunisdnuniwy
AMULUTUTIUNIIRNUTNTTURALAIAIIUA NS
WUFNTTU For 17fmemmm'waamﬁﬁaé’wﬁzymaﬁﬁ
FEMINNFUAIBE G AUNGY G2 NGy B uazngqu C
wilsifingsannngy A luvziinguiaog1ad ug
sugnssuliiiuddinadululufiemadeatuen
svegsiemaiugnssuiinuasudnigessmitengy G1
Aunguiaogedudnesiudug wudeafuunuds
anuduiusaiugnssulddalingusiedis 1 u
naufi QnueneenaINNaNBUY § 1588 W1aNI
sugnssuiinulunansdnuifsinigeandu 0.166
wawilAiady 0.077 daldindsvozvinamaiugnssud
sdlewisuiunis@neives Eley et al. (2012) &
Limau Madu (Citrus reticulata Blanco) ﬁlﬂqmiu
Uszinannalde Iszozvinaneiugnisuedomindu
0.170 ﬁy’aﬁmiwmsazﬁwmaﬁuqﬂiimﬁqﬂa’mL‘fJu
NAN19INNITTIVTINANINA LT T T szoEN19veiy
1nn31 500 Alawns Turngdinis@nwidsausy
aeludminuudswsaznguietiefiszozinady
Laivin 100 Alawuns
NnuanIsAnuEnsTLinnuiinseglasy
nsWARe e 1euHUBYSNBUVATT U TTANAY
vosduAveI Mewniifivanaduiauuusus
LagALvaInvateeusnIsugaiesanduify
flwautnu TomaiagiAanssaudufuszninaia
waznug L0 ululdAoudnegs (Spiegel-Roy and
Goldschmidt, 1996) uananiimuuUsusiuvosis
anaduiinaunntadevateusenisueniniiaainnis
Annsuandn 1wy maAnmsnaeiusiazisnnsi
THlumsueneius (Novelli et al,, 2006) fetiulunns
NuuwLUonsIansugnITILA By YTLEH

dneaufeelin1sKuIAN1 TS ag 1l Te Uy
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f19819019A N¥1999 Kongpun (2009)
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This study was conducted to explore: 1) socio-economic attributes of farmers; 2) level of farmer
participation in the conservation of local wisdoms on agriculture 3) factors related to farmers
participation in the conservation of local wisdoms on agriculture; and 4) problems encountered and
suggestions of the farmers. The sample group consisted of 278 farmers in Mae Faek municipality, Sansai
district, Chiang Mai province. A set of questionnaires was used for data collection and analyzed by using
descriptive statistics and multiple regression analysis.

Results of study revealed that most of the respondents were female, 54 years old on average,
elementary school graduates or lower, and married. The respondents had 3 household members and
2 workforces on average. They had 3.30 rai of farm land and 63,284.17 baht of income from the
agricultural sector and 118,288.95 baht of loans. Most of the respondents perceived news/information
about the conservation of local wisdoms on agriculture 3 times a month and they contacted agricultural
extension workers once a year on average. Most of them did not have social position and had experience
in agricultural training/ education trip twice a year on average. They had been living in Mae Faek for
37.71 years on average. As a whole the respondents participated in the conservation of local wisdoms
on agriculture at a moderate level. Based on its details, they gained benefits from the participation

most. This was followed by suggestions of a good way out and decision making, practice and operation,
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and monitoring/assessment, respectively. Factors associated with the participation in the conservation of local
wisdom on agriculture of farmers were statistically significant: gender, income from the agricultural sector,
experience in agricultural training/education trip and period of living in the community.

The following were problems encountered: 1) the respondents did not have enough time; 2)
concerned agencies lacked of public relations; 3) the respondent did not clearly gain benefits form the
participation; and 4) there was no participation in activity planning. Therefore, development agencies
should prepare effective public relations particularly to target groups. The activity planning should be

prepared in advance in the year. Also, it should have promotion and extension of knowledge about the

conservation of local wisdom on agriculture to the community
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Table 1 A level of the participation in the conservation of local wisdom on agriculture of farmers

in Mae Faek municipality, Sansai district, Chiang Mai province

(n=278)
The participation in the conservation X S.D. Description
of local wisdom on agriculture of farmers

Proposal and decision making 3.29 0.996 Moderate
Operational and proceed 3.24 1.019 Moderate
Receiving benefit 3.38 0.865 Moderate
Monitoring and evaluation 3.13 1.072 Moderate
Total 3.26 0.913 Moderate

4.51-5.00 = Highest; 3.51-4.50 = High; 2.51 -3.50 = Moderate; 1.51-2.50 = Low; 1.0 -1.50 = Lowest
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Table 2 Factors associated with the participation in the conservation of local wisdom on agriculture

of farmers in Mae faek municipality, Sansai district, Chiang Mai province

Independent variables

Dependent variable

Participation in

Conservation Local Wisdom Agriculture

B t Sig.
Gender -0.278 -2.543 0.012*
Age 0.006 1.197 0.232
Education level -0.232 -1.650 0.100
Marital status -0.160 -1.253 0.211
No. of household member 0.062 1.471 0.142
No. of agricultural workforce -0.016 -0.275 0.783
No. of agricultural area 0.003 0.406 0.685
Income earned form the agricultural sector 1.471E-6 2.401 0.017*
Loan -5.639E-8 -0.532 0.595
News/information perception about the conservation 0.021 0.679 0.498
of local wisdoms on agriculture
Contact with agricultural extension officer -0.030 -1.381 0.169
Social position 0.065 1.740 0.083
Experience in agricultural training/education trip about 0.058 2.472 0.014*
the conservation of local wisdoms on agriculture
Period of setting the house 0.005 2.082 0.038*
Constant 2.533 7.603 0.000
R*=0.396 (39.60%) F=3.235 Sig. of F=0.000

* Statistically significant level at 0.05
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This study aimed to develop a model of garlic production and marketing management
of farmers in Chiang Mai. The sample group consisted of 291 farmers growing garlics in Wiang Haeng,
Chiang Dao, Fang, Chai Prakan, Mae Ai, Mae Taeng, Samoeng, and Mae Chaem districts. An interview
schedule and focus group discussion ware used for data collection and analyzed by using percentage,
mean, standard deviation and Delphi technique

Results of the study revealed that most of the informants ware male, 54 years old on average,
married, and elementary school graduates or below. The informants earned an income from garlic
production for 215,160.14 Baht per year on average. They used their own capital and loans of the Bank
for Agriculture and Agricultural Cooperatives for garlic production. Their garlic production covered an
area of 9.77 rai each on average and mostly used household workforce (90.72%), the rest were hired
workers. The informants did not have any social position. The informants had 15 years of experience in
garlic production and most of them were members of garlic farmers group. It was found that the
informants had a moderate level of the management of garlic production (X=3.01) while garlic
marketing was found at a low level (X=2.60).The informants had a moderate level of the efficiency in
the management of production costs (X=2.70)

The model development of garlic production and marketing management of the informants
had 2 steps. The first step involved the model construction which the researcher reviewed concepts,
theories, rationality and discussed with 15 specialists agricultural extension workers, community
development personnel, community sages, representatives of garlic farmers and representatives of garlic

buyers obtained by purposive sampling. The second step involved checking the validity and assessment
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of the appropriateness of the model by 15 scholars and affirmative element was analyzed. The following

ware found: 1) input factors included workforce, capital, tools/equipment, and production process; 2)

effective production by using quality cycle in production i.e. planning, practice, inspection, and

improvement; and 3) garlic production with quality and standard, taking into account the safety of

producers and consumers. This included the following: 1) free—toxin garlic; 2) organic garlic; and 3) GAP

garlic. The effective garlic marketing model using 4P marketing strategies i.e. product, price, place and

promotion. The model of garlic selling included: 1) farmers group; 2) online and 3) community enterprise

Keywords: production management, marketing management, garlic production
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Table 1 Garlic production management of farmers in Chiang Mai

Garlic production management X SD Level
Garlic care 3.42 1.091 More
Garlic harvest 3.06 0.994 Moderate
Diseases and insect 2.96 0.981 Moderate
Soil preparation 2.89 0.966 Moderate
Cultivation of garlic 2.89 0.994 Moderate
Garlic varieties used for planting 2.88 0.950 Moderate
Total 3.01 0.996 Moderate

2.2 NM3IANTAIUNTAAINNTELABU VB4
WNensnsiudmindesdnd 1nn1s@nwin1sdnnig
FUNTRAIANIEITIENYBRLNEATNS TudIWine sl
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LLﬁﬂﬂﬁLﬁu’j’m’]i‘\]Wﬂ’]i@ TUAITAAIANTLLN B

TneindsiisyduufoRtos Auads 2.60 (Table 2)
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Table 2 Garlic marketing management of farmers in Chiang Mai

Garlic Marketing Management X SD Level
Implementation and control 2.67 0.964 Moderate
Marketing analysis 2.58 0.951 Low
Marketing planning 2.56 0.983 Low
Total 2.60 0.966 Low

3. UsgdnFa1mn1sdan1saun un1sHan
nsziigy (4M) vaununsnsludsninife sl
FIUNTITIUHUNITHAANTELT B TEAU
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AIUNITATIVABUNTEUIUNITHANNSE W BUL SEAU

Table 3 Management of Production Costs (4M)

UszAn3amuiunats Aedy 2.78 uazA1unIs
Usudsaunleisnisnannseiieusiseauuseansam
Uow Anade 2.48 ylsims1uinUszansamnis
IANITAUNUAITHAAN ST (4M) VBRN¥RTNT Y
Foiaded Inoindedisziuuszsansamuiunans
Aady 2.70 (Table 3)

Management of Production Costs (4M) X SD Level
Garlic cultivation (do) 2.78 1.006 Moderate
Inspecting the garlic production process (check) 2.78 0.980 Moderate
Garlic production planning (plan) 2.75 0.952 Moderate
Improvement of garlic production (action) 2.48 0.995 Low

Total 2.70 0.983 Moderate
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Figure 1 Garlic production and marketing management model of farmers in Chiang Mai
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The objectives of this research were; to survey and identify the factors affecting farmers' rice
cultivated cost reduction in the northeast region. The sample was the farmers who grow riceberry in
2017/18, in-season rice which registered with the Provincial Agricultural Extension Office in the
northeastern region. The Exploratory Factor Analysis (EFA) and the Confirmatory Factor Analysis (CFA)
were used in this research. The results of the research can be classified into 5 components including;
1) soil preparation 2) water management 3) the use of fertilizer 4) harvesting and 5) weeding. Then all
factors were used to test the consistency of the model by using AMOS program to confirm the second
element to confirm the consistency of theoretical survey results and empirical data. Then analyzed
the important weight factors which affecting the farmers' rice berry cultivated cost reduction. The
findings indicated that the model was consistent with the empirical data. Chi-Square=62.247,
P-value=0.081, RMSEA=0.029, GFI=0.981, AGFI=0.939 with statistical significance at a confidence level
of 0.001. Therefore all 5 aspects effected to farmers' rice cultivated cost reduction in the northeast
region. The factors weighting in descending order as follows; weeding (0.97), water management (0.89),

fertilizer application (0.88), harvesting (0.72) and rice seeding (0.64).

Keywords: confirmatory composition analysis, cost of rice cultivation, rice berry, farmers
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Table 1 The results of the second confirmatory factor analysis of the factors affecting the cost

Factors affecting farmer’s of riceberry production cost Factors loadings R
reduction in Northeast region B S.E. Beta
Seed 1.000 0.637  0.405
1. Using good quality rice seeds 1.218  0.075 0.848  0.718
2. Using organic rice seeds 1.000 0.916 0.840
Water 1.73¢  0.170 0.892  0.796
1. Adjust the topsoil to a level of 5-10 cm 1.000 0.833 0.694
2. Drain the water to allow the soil to dry and then 1.048 0.053 0.850 0.723
sowing germinated rice
3. Drain the water, bring the water around the base 1.024 0.041 0.903 0.816
of the seedlings 3-5 cm
4. The rice is still small, keep the water level 5-10 cm. 0.848 0.046 0.787 0.769
5. During the rice cropping, keep the water level 10-15cm  0.952 0.051 0.863 0.745
Fertilizer 2.035  0.165 0.876  0.767
1. Apply the correct amount of fertilizer. 1.000 0.927 0.860
(not too much or too little)
2. Control the water level before sowing fertilizer 1.018 0.038 0.896 0.803
3. Calculate the amount of fertilizer to be put correctly 0.879 0.040 0.881 0.668
Weed 1.972  0.180 0.973  0.946
1. Inspect the rice seeds and clean 1.000 0.821 0.674
2. Destroying weeds that germinate during soil preparation  1.062 0.050 0.897 0.804
3. Leveling the area flat from the beginning of soil 0.944  0.044 0.893 0.798
preparation
Harvesting 1.817 0.195 0.721 0.520
1. Set the date of harvest 1.000 0.895  0.801
2. Drain the water before harvesting 7-15 days 0.791 0.026 0.926 0.857
3. During the harvest, the soil must be dry. 0.850 0.040 0.906 0.821
4. Harvested rice only in the bud 0.782 0.041 0.880 0.775

Statistically significant level at 0.01
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This study aimed to analyze the value-added processes within the value chain of specialty
arabica coffee produced in Chiang Rai province of Thailand for exporting to the Japan market and to
study portions of profit gained by each stakeholder along the value chain. The sampling locations were
Thailand and Japan. The population used in the study consisted of 20 specialty coffee farmers in
Chiang Rai, 32 Thai coffee bean collectors and roasters in Chiang Rai, Chiang Mai and Bangkok, 2 Japanese
brokers, 2 transportation providers in Bangkok, 1 agricultural government agency, 28 importers in Japan
and 16 Japanese coffee shop owners who used Thai specialty coffee beans. The results of the study
revealed that the key persons involved in the supply chain were classified into two groups; 1) Thai
processors and 2) Japanese brokers who collected non-roasted specialty coffee in Thailand and
exported to Japan. There was differentiation in margin for each group. Japanese broker earned margin
from collecting activity than Thai processor at approximately 1.40 Baths/cup. However, margin earned
by Japanese roasters was higher than Thai roasters at approximately 3.70 Baths/cup which resulted in

a coffee shop’s margin of approximately 1 Bath/cup.

Keywords: specialty coffee, arabica coffee, value chain, margin analysis, supply chain
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Rai ( 1,600 sm) Thai arabica areas and production indicators in Thailand Metric Ton
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Figure 1 Thai arabica areas and production indicators in northern of Thailand

Source: Office of Agricultural Economics (2021)
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Figure 2 Thai arabica areas and production indicators in Chiang Rai Province, Thailand

Source: Office of Agricultural Economics (2021)
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Figure 3 Thai specialty arabica coffee value chain in Japan Market

Adapted from: Gereffi and K. Fernandez-Stark (2011)
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Figure 4 Thai specialty arabica coffee margins analysis

Adapted form: Fitter and Kaplinsky (2001)
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Table 1 Margin differentiation of Thai specialty arabica coffee global value chain

Actors Total cost per one cup (THB)  Margin per one cup (THB) Margin
Roasted JPN Case TH JPN Differentiation

Farm 13.50 13.50 24.50 24.50 0
Collector 0.60 2 8.40 7 1.4
Roaster 23 18.30 28 31.70 3.7
Exporter 1.30 1.30 4.70 4.70 0
Logistics 2 2 1 1 0
Importer 2.30 2.30 5.70 5.70 0
Retail 7 7 12 12 0
Customer 4.80 4.80 16.20 17.20 1
Total 100.5 103.8

910 Table 1 NaaFUAMUAILLANAIIVDINE
Mls nudmailsveslsiunululssnalnedi dns
geniilusanesvndu Whunsusu Wesinlden
Uszd11099uLee wazdanudiuiglunisiaunig
uinninlusanesvnduiideadslddisdiem
yudstulUuAudvuninge Sedenalinarilsvesy
WMWY 8.40 UWsBLAY UANASAINKE
MlsvesisrunmvndgUulszanm 1.40 vwdeui
og1alsfidluduvosmarilslunisdaniu wui
Fadrunarnlslugyuganiinszuiunsdavesing
W os9nusunalsedalulsenad Jui duinniy
Uszinalny waziypainsfidanudiuiguinnii
danalsidunuuaslusainefunid Juiisausiuans
nululneudninduindieslulssimadyuiing
flswiidu 31.70 vin Fausnsrsanamsialulnend
dasmamlawindu 28 v delldnsmanilsunnsng
fulsvana 3.70 vindeufn Tiinnuunnaneang
dawaliFuyuuesnszUILNsT lusAnesv A utan

Fuingavludszimalve Jsunusouiteundiinisdn
Tudszimalngwiiiu 1 v Tunssuiunisgavingves
nsvglinuduilaa lngAnainsiaade 155 um

RO
397150INANT5IY

AINNIINANITANBINUINE AF UV
Haﬂ"]Lﬁu%@ﬂﬁﬂ’]‘ﬂ’]ﬂLllﬁﬂﬂ’lLLWE]%i’]ﬁﬂ’]W%‘LﬁEJN‘UEN
Inglunsdseenludasemaduianuunnsisen
n15A w18 Fitter and Kaplinsky (2001) i wa
N15AN®1831 NsruIunIsALluUsEImAYatENIg
fdndunsiiuyadigeaniesas 29 fes1A1Ty
AN 1 1UA7 warn15AnwIved Bymes et al. (2016)
ddndrusevay 30 v9451A1918AUH 1 WA
aamﬂé’aqﬁuwamiﬁﬂmﬁﬁé’mmumsLﬁ'mﬂaﬂ"maa
Aanssunsaaludssimavatenie Tnefidndunis

Wiayarvesnanssumsiameluusemanaunisdsoen

152



Journal of Agri. Research & Extension 39(3): 144-155

fidndanndsfonay 31 Femansfnwiaun wudn
aonAd s UNSANYIYBS Beshah et al. (2013) 714
Anwrdadruveanisifingadiiiidoulesfunarils
wandusinuveszmaesloly wudnszuiuns
Adnsii uyaduazlddndunamiligagn Ao
nszuruNsLUsIUT U aes nionisdaniuly
Uszimaanenns fifidadunisifiuyadiiesas 84
s3ufsn15Anw1ves Khanal et al. (2019) Afnw
dadwvewarlsilesuludazdifsades Tanuiy
Aonssunisuusguldsunarilsgeiign egqslsina
1nn1sAnyInuIdvelaugsluunsianssy
n3Anw1ii 8198 sianssunisnandidadunisiiy
yaA LN uazddadaunslanaiilsitos unnsns
PnramsAnsfinululssme Fgraaeinymans
fidndunsiuyarvinfufosas 20-21 135100
vitavnn uazuiinisAnwaduiidunisdne
wlanurwislen wan1sfnwmuinddadgunisii
yarn¥evay 24 uansnsanuIunveInuIialUves
Fudedafanan Fadutedunminnuasnslned
wzUgnmunnsiionuaznuriialuenainngidiy
uaruand1sfulszumdosay 3-4 Wiy waz
firefigaidoTouifisuidosfutuniunaunin
TndiAssiuluriosnan 1wy nunaniesleids Mdy
wrasnann1Ldni g suauralngvieussunu
ufi1ae 108-142 U FedisagnninFedadoinadn
Funulunisiidimindnudaniuslne esan
UsinansudnuazUsinanisdseenidiudites
nismAgualsiianunsanannuganmlFinndn
wagdseanlulinaiinnniy dendnaseiunud
an31 iliufoenunlusiaiigausdunui ge

Y|

danaliladnduinlandguddluiomanlale

#3UNan1333Y

Tun1sAnwI9 AL INUIELN BLINLIT
anudfvedldamualugnamnIsunsdeaniudn
nuniavvetingludinainusemegJu Wiafiny

nsrvaunsineliiiayaruisluldamalan uaz

Ansgddadiunisuiananlsnnnisfinudndiu
yaALin uazduuRAvoIsazAINTIN Fanadde
agUilufanssudineliAnyandaundiendaiu
YBIN1SANYIIE wadAuwanateiululdyuves
U3UN WU nssUIuMINAATIiALFuFeuNnd sty
N139UAITENINUTENA Y30NALNENINTIAIIUNT
hunumsnusslulegunuvedlusanesdgiu 1Judu
Faramieszinuit mauwsnusslussuuldguny
finansgnusianauslenivesiusznaunisyiing
Tunsdlvesdndiumsifiuyaruazdadunaniils
Amsagldfuiianuuandaiudndes naniay
F9A13T02UUNITATIVABUNITUNINUYINIGINA
28191AT4ATA NIsAETUARUATINIZUgNAUHA LAY
iioifulsslovidoneldinumsnsuaznisiiiugad
vaan i lngluowian saudanisairuasedienium
fualvieruduudanndstu oadsanudunds

Tunmswdstugaamnssunniiaslunaialan

AnRNSSUUsZAA

v
=

Iassnsilasunisaduayunuideainyu
JUUSEUTUBRNUAY YNNI N1 8L N 191829 hay

vavaunslun1TeYATIEvayaveineItamnie

153



5ANTIVYLALANFSUIVINTNYAT 39(3):144-155

LONE15D19D9

Bamber, P., A. Guinn and G. Gereffi. 2014.

Burundi in the Coffee Global Value
Chain: Skills for Private Sector
Development. Durham, NC: Duke
University, Center on Globalization
Governance and Competitiveness.

86 p.

Beshah, B., K. Daniel and D. Tirufat. 2013.

Quality and value chain analyses of
Ethiopian coffee. Journal of
Agriculture and Social Research

13: 35-41.

Byrnes, W., N. Khodakarami and C. Perez. 2016.

The Value Chain: A Study of the
Coffee Industry 32.01-32.04: Practical
Guide to U.S. Transfer Pricing. Berlin:
Research Gate GmbH. 9 p.

Department of International Trade Promotion

of Hiroshima. 2019. Coffee market in
Japan. Yearly Report. Department of
International Trade Promotion. 5 p.
[Online]. Available https://www.ditp.go.th/
contents_attach/550188/550188.pdf
(23 August 2021). [in Thai]

Fitter, R. and R. Kaplinsky. 2001. Can an

Agricultural 'Commodity' be
De-commodified, and If so Who is to
Gain?. Brighton: Institute of
Development Studies, University

of Sussex. 43 p.

Gereffi, G. and K. Fernandez-Stark. 2011.

Global value chain analysis: a primer.
[Online]. Available https//Awww.researchgate.
net/profile/Karina-Fernandez Stark
/publication/265892395 Global Value C
hain_Analysis A Primer/links/54218b000

Charoenchon, J. and J. Thadphoothon. 2019. cf274a67fea984b/Global-Value-Chain-
Analysis-A-Primer.pdf. (23 August 2021).

. 2016. Global Value Chain Analysis:

Coffee consumption behavior of Thai
and international students in Thailand:
A Case Study. [Online]. Available A Primer. 2nd Edition. Development
https://www.researchgate.net/publication/3 Trajectories in Global Value Chains.
36085931 Coffee Consumption Behavior o DOI:10.1017/9781108559423.012.
f Thai_and_International_Students_in_Thail Khanal, A., K. Suman, J. Dutta, C.S. Dhakal and
and A Case Study (16 December 2020). R. Kattel. 2019. Value chain analysis
[in Thai] of coffee: a story on journey of cherry
Daly, J., D. Hamrick, K. Fernandez-Stark and from production site to consumer cup.
P. Bamber. 2018. Jamaica in the arabica International Journal of Agriculture
coffee global value chain. [Online]. Forestry and Life Sciences
Available https://www.researchgate.net/ 3(2019): 225-232.
publication/325047457 Jamaica in_the Ara
bica Coffee Global Value Chain

(16 December 2020).

154



Journal of Agri. Research & Extension 39(3): 144-155

Office of Agricultural Economics. 2021. Weng, C. 2017. A Study on the Situation and
Thai coffee production and market Development of the Coffee Industry in
situation. [Online]. Available Thailand. Master Thesis. Siam University.
https://www.oae.go.th/view/1/%E0%B8 61 p.

%95%E0%B8%B2%E0%B8%A3%E0%BS
%B2%E0%B8%87%E0%B9%81%E0%B8%
AA%E0%B8%94%E0%B8%87%E0%B8%A
3%E0%B8%B2%E0%B8%A29%E0%B8%A5
%E0%B8%B0%E0%B9%80%E0%B8%AD
%E0%B8%B5%E0%B8%A2%E0%B8%94
%E0%B8%819%E0%B8%B2%E0%B9%81%
E0%B8%9F/TH-TH. (23 August 2021).

[in Thail

155



5ANTIVYLATFNRASUIVINTNEAT 39(3):156-168

fﬂﬁWﬂﬂﬂiﬂj;&aﬁ’mﬂﬁdﬂa’ﬂﬂW%ﬂ‘lﬂEJ

Forecasting of Pepper Export Value

s
a

299AMUT FBUGNS

Warangkhana Riansut
A1VIWIANAFERSUAZETR AEINEIENT UM InendeTinBa v 93210
Department of Mathematics and Statistics, Faculty of Science, Thaksin University, Pattalung, Thailand 93210

Corresponding orther: warang27@gmail.com

Received: January 11, 2021
Abstract Revised: April 09, 2022

Accepted: August 22, 2022
The objective of this study is to construct the models for forecasting the value of pepper
exports using statistical methods. The monthly average data, which were gathered from the website
of the Office of Agricultural Economics during January 2011 to October 2020 of 118 months were
divided into 2 datasets. The first dataset, which consisted of 108 months from January 2011 to
December 2019 was used for constructing the forecasting models via the use of 7 statistical methods,
namely, Box-Jenkins method, Holt’s exponential smoothing method, Brown’s exponential smoothing
method, damped trend exponential smoothing method, simple seasonal exponential smoothing
method, Winters’ additive exponential smoothing method, and Winters’ multiplicative exponential
smoothing method. The second dataset, which consisted of 10 months from January to October 2020
was used for comparing the accuracy of the forecasting model via the lowest mean absolute
percentage error and root mean square error. The results indicated that the most accurate method

was the Box-Jenkins method with the model
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Fuuunensalie 733 (Table 1) flanumuneves
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Y, uag V., wiuAineInsal o lian t uay
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1981 t + m ARy Taefl m unusiugsand
Asnsnensadlutnantn

&=, (B)d,(B°) unuA1Asf (Constant)
Taed & Lmuﬁhl,a?iwmaqﬂwnmﬁmﬁ
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$,(B)=1-4B—4,B° — ... —§,B° LN U A 2
sudunisavduiusludsusuil p nsdlifiggnia
(Non-Seasonal Autoregressive Operator of Order
p: AR(p))

@, (B)=1-®B° ~d,B* — . B UNUM
sudunisanduiusludiduduil P nsdiiggnia
(Seasonal Autoregressive Operator of Order P:
SAR(P))
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suflunisiedsindoufidusuil g nsdlldfiggnia
(Non-Seasonal Moving Average Operator of Orderg; MA(Q))

0,(B°)=1-6B-6,B" -.. -9 ,B® UNUM?
dudunisiedsindouiidudui Q nsdiggnia
(Seasonal Moving Average Operator of Order Q:
SMA(Q))

t wnuthanan dediadaus 189 n, Taedt n,
wudnnudeyalusynsunatyei 1 (n,=108)

s UWNUIUWIUGANIA ﬁ?fﬂaqmmnamammi

dawennininedudeyasedow Ay s=12
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HAR9ANTE ANAINY
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operator) e BY, =Y,
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o, v, ¢ UaE & WuAIAIAINISYIIRSEU
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f950NANLIINE ANYR TN SWENS AT
7 339 Anwe8LNaT MAPE way RMSE fifuanann
foyawadl 1 Ao Toyadeusiideuunsam wa. 2554 s
LADUSUIAN W.A. 2562 §1UIU 108 Lhou (n=108)
TagAn MAPE waz RMSE fiduiadldlsinasiinigeann
uLiuly gns MAPE uag RMSE wanssail (Ket-iam,
2005)
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WeINTA 4 1281 t
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380 t ANUAIY

MTIRARUTRANYRA (Assumption) YBIRILUY
WyInsal Ao A1@HA Ljung-Box Q laufitadAgy uag
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Table 1 Forecasting model

MAPE 1ag RMSE Taadanuune1nsaiilsian MAPE

wag RMSE anfign dnduduwuuifianuudugiuin

= = v o1 saa ! v v
Vlﬁjﬂ L‘UENT\]’]ﬂlﬂﬂ’]WU’]ﬂ'ﬁmVIﬂJﬂrJ’]NLL(ﬂﬂ@]’NﬂUGUE];JUa

Y39ty iign

No. Forecasting Forecasting model Time series
methods characteristics
1 Box-Jenkins SARIMA(p, d, g)P, D, Q); : Trend and
¢,(B)d, (B°)(1-B)’ (1—BS)D Y, =5+0,(B)0g(B)e, Seasonal
(Box et al., 1994)
2 Holt Y.om =2 +b,(m) where a, =aY, +(1-a)(a,,+b,), Trend
b,=v(a,—a_,)+(1-v)b_ (Manmin, 2006)
3 Brown Y.m=2 +b, {(m—1)+é} where a, =aY, +(1-a)a,,, Trend
b, =a(a,—a_,)+(1-a)b,_, (Ket-iam, 2005)
4 Damped Vim =2, +bti¢i where a, =aY, +(1-a)(a_ +¢b,_,), Trend
=
b, =y(a,—a,)+(1-y)éb_, (Manmin, 2006)
5 Simple Y, =a,+S, where a :oc(Yt —§t75)+(1—a)a‘71, Seasonal
seasonal § =5(Y,-a,)+(1-8)5,, (Ket-iam, 2005)
6 Winters’ Yem=(a, +bm)+S, where a, = oc(Yt —étfs)+(1— a)(a,,+b.;), Trend and
additive b =7(a, —a.,)+(L-v)by, § =5(Y,—a,)+(1-8)3.. (Ket-iam, 2005)  Seasonal
7 Winters’ Yem =(a, +bm)S, where a, =aéti+(l—a)(at,1+bt,l), Trend and
multiplicative Y . . Seasonal
b, =v(a,—a_)+(1-y)b, S = Sa—‘+(l—8)SH (Ket-iam, 2005)

t
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g9n1a (Figure 1)
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fsnsindeulmanuunliuuagdvinavesggnia
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Figure 1 Run plot for the export value of pepper during January 2011 to December 2019

Table 2 MAPE and RMSE of the first dataset

Forecasting methods MAPE RMSE Forecasting methods MAPE RMSE
Box-Jenkins 46.3230 3,582,280 Simple seasonal 46.9229 3,473,008
Holt 52.0509 3,750,805 Winters’ additive 48.0656 3,463,715
Brown 52.8226 3,855,827  Winters’ multiplicative 51.1755 3,889,921
Damped 51.9009 3,752,759

Wenaunsuaiyarinsdeenninive  wazAduUsvansanduiusludiuisdiuainnsi

finsiedeulmianuuildy udliiiisnsnavesngnia

v
[ Y

AU UUataLanIENITUINAREIAUT 1

PACF Figure 2(b) nagnngluvauiunainuidesiu
Afnun (+2/|n;) eaviuianig Lag 7 1 v8ens
(d=1) Wisasrefuvunensallaeistend-1auiud  ACF Figure 2(a) fia1duyssandanduiuslud

1ans19 Autocorrelation Function (ACF) wagnsaw Wuvauwn Jervusswuungnsainduldlasudu

Partial Autocorrelation Function (PACF) 4838y n Ty A1 g=1 uag Lag‘ﬁ 1, 2, 3 9940519 PACF Figure 2(b)

ANdUUTEANTANAUNUS IUAIUI9AIULAUYDULYA

naulastayaudd wansly Figure 2(a) wag 2(b)
aruuadwuunensaAdululaisudu en p=3

D) ED D

AUAINU FINUINBUNTUIALANYULAT INTIZAT

duuszansandunuslusiainnsiw ACF Figure 2(a) ATIURAUUNGINTUISUAY AD FauU ARIMA (3, 1, 1)
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Figure 2 ACF and PACF of the first difference, d=1, of the export value of pepper
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ﬁﬂﬁ”lﬂfy] LLaZaHﬂillL?aqsﬂa\?ﬂqﬂa’]WLﬁaauaﬁlﬂﬂqi
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Table 3 Results of the forecasting model

No. Forecasting Forecasting model
methods
1 Box-Jenkins ARIMA(1, 1, 1): V¥, =1.40384Y, , —0.40384Y, , —0.88690¢, ,
where Y, represents the time series at time t - j and
e_; represents the error at time t - j
2 Holt V.. =11,460,582.80067 +63,893.50510(m) where m = 1 represents January 2020
3 Brown Yiim =11,575,170.14509+182,542.99490[(m—1)+ L }
0.09021
where m = 1 represents January 2020
4 Damped A :11,452,229.77162+54,630.58116i(0.99917)‘
=
where m = 1 represents January 2020
5  Simple Seasonal where §, are shown in Table 4
6 Winters’ V.. = (11,309,044.65961 + 62,226.92372m) + S,
Additive where m = 1 represents January 2020 and S, are shown in Table 4
7 Winters’ Y. =(15,836,737.29702 + 62, 246.09113m)S,
Multiplicative where m = 1 represents January 2020 and S, are shown in Table 4

Table 4 Seasonal index from simple seasonal exponential smoothing method, Winters” additive

exponential smoothing method, and Winters” multiplicative exponential smoothing method

Month §, from Simple seasonal S, from Winters’ additive S, from Winters’
multiplicative
JAN -1,060,666 -718,397 0.73464
FEB -2,177,536 -2,497,492 0.50286
MAR 34,064 251,879 0.84302
APR -2,065,315 -1,909,731 0.51896
MAY 501,127 594,479 0.86433
JUN 1,105,242 1,136,361 0.88724
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Table 4 (Continue)
Month S, from Simple seasonal S, from Winters’ additive S, from Winters’
multiplicative
JUL 2,354,565 2,323,453 1.01828
AUG 1,800,873 1,707,532 0.84315
SEP -389,619 -545,187 0.67081
oCT -467,109 -684,899 0.64477
NOV 357,307 77,304 0.78368
DEC 607,079 264,877 0.80676
Table 5 The results of checking the assumptions of the forecasting models
No. Forecasting Ljung- p- KS p- Runs p- t-test p- Levene p-
Methods Box Q value test value test value value statistic value
1 Box-Jenkins 8.877 0918 1.301 0.068 1.069 0.285 1129 0.262 0.442 0.933
2 Holt 17.616 0347 0942 0338 -0.387 0699 0.057 0.955 0.426 0.941
3 Brown 22.7199 0.156 0.798 0547 -1547 0.122 0.456 0.650 0.534 0.876
4 Damped 17.624 0283 0936 0344 0387 0.699 0.116 0.908 0.428 0.940
5 Simple 24.457 0.080 0.737 0.650 -1.547  0.122 0413 0.681 0.422 0.943
seasonal
6 Winters’ 24.848 0.052 0.753 0.622 -1.160 0.246 0.001 0.999 0.422 0.943
additive
7 Winters’ 24.416 0.058 0.695 0720 -1.934  0.053 -0.377 0.707 0.520 0.885

multiplicative

del¥duuunensaifiadretu (Table 3)
dmuniswensalyadinisdseonninlneyad 2
Faudifeunnauiafiounaiau w.e. 2563 910ty
Wl uguAINeINIalAUA193lAENITATUIAT
MAPE uaz RMSE wulnfanuunennsaluesistend -
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FulUlufiamaieatu Seuiliindedoldundtu

’nmLmumﬂmaﬁmmmmsamﬁ’uamimammﬁ

WINAign

165



5ANTIVYLATFNRASUIVINTNEAT 39(3):156-168

Table 6 MAPE and RMSE of the second dataset

Forecasting methods MAPE RMSE Forecasting methods MAPE RMSE
Box-Jenkins 37.5661 5,466,138 Simple seasonal 415127 5,968,671
Holt 38.5674 5,491,536 Winters’ additive 42.7488 5,819,869
Brown 56.1100 5,904,820 Winters’ multiplicative 47.1831 5,794,094
Damped 38.1491 5,491,688
Fsaluan1sidy dsoonnintnediasinisiedsulniannuualiy
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finudn auﬂiunmmuumimaaulmmmmaium
lnglsdfigninavesggnia Fauasnisnensali
warzanadsaziiuiidend -1auiudidduuy
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Table 7 Forecast values of the export value of pepper

Time Forecast Time Forecast Time Forecast Time Forecast
values values values values
NOV 2020 11,758,937 MAR 2021 11,759,032 JUL 2021 11,759,035 NOV 2021 11,759,035
DEC 2020 11,758,995 APR 2021 11,759,034 AUG 2021 11,759,035 DEC 2021 11,759,035
JAN 2021 11,759,019 MAY 2021 11,759,034  SEP 2021 11,759,035
FEB 2021 11,759,028 JUN 2021 11,759,035 OCT 2021 11,759,035
35,000,000 L L
— Pepper Exports = = BJ The Second
30,000,000 Dataset
] The First
Q
% 25,000,000 Dataset
a
6
% 20,000,000
£ 15000000
Q 4
g AL He - 2 2 2
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Figure 3 Comparison between the export value of pepper and its forecasts

from Box-Jenkins method (ARIMA (1, 1, 1) with no constant)
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This study was conducted to investigate: 1) water management strategies employed by during
drought; 2) factors affecting which aspect of water management for agriculture during drought; and 3) guidelines
for the management of water during drought. A set of questionnaires was used for data collection
administered with a sample group of 305 farmers using water of Mae Faek- Mae Ngat operation and
maintenance project. Obtained data were analyzed by using descriptive statistics and multiple
regression. Result of the study revealed that, as a whole, the responds had moderate level of water
management for agriculture (X=3.17). Based on its details, the reduction of an amount of water used
for agriculture was found to have the highest average mean score. This was followed by management
of water resource conservation; change of culverted plant varieties; cultivation area management; and
finding new water sources. The following had an effect on water management for agriculture during
drought with a statistical significance level (Sig.<0.05): farming area; information perception about water
management; and irrigational personnel contact. The following were guidelines for water management
for agriculture during drought: 1) expansion of water supply area; 2) repairing irrigation canals before the
growing season; 3) making a survey for the construction of new water storage sources; 4) support on
reforestation in water shade areas; 5) setting a policy on measure to prevent forest encroachment or

deforestation; 6) support on knowledge transfer about appropriate use of water for agricultural during
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drought; and 7) providing an opportunity for farmers and concerned private agencies to participate in

the determination of water management direction and readiness preparation together with concerned

public agencies.

Keywords:

operation and maintenance project
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Table 1 Mean and standard deviation of the extent of water management for agriculture during

drought of farmers using water under Mae Faek-Mae Ngat operation and maintenance project

(n=305)
Water management for agriculture during drought X SD Extent of
management
Finding new water sources 248 0.01 Low
Change of cultivated plant varieties 3.08 0.15 Moderate
Planting area 2.70 0.21 Moderate
Water consumption reduction 4.08 0.99 High
Conservation of water resources 3.59 0.14 High
Overall 3.17 0.13 Moderate
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Table 2 Factors affecting water management for agriculture during drought of farmers using water

under Mae Faek-Mae Ngat operation and maintenance project, Sansai district, Chiang Mai

Independent variables

Dependent variable

Water management for agriculture

during drought of farmers

B t Sig.
Gender (GEN) 0.068 0.710 0.143
Age (AGE) 0.023 -0.519 0.121
Marital status (STAT) 0.123 -0.928 0.354
Education (EDU) 0.057 0.423 0.147
Household size (HOU) 0.027 0.316 0.135
Farm size (FARM) 0.116 1.639 0.015
Agricultural income (AINC) 1.741E-5 0.523 0.518
Length of living in the community (LEN) 0.065 0.891 0.442
Experience using water from irrigation canals (EXP) 0.042 1.124 0.284
Year of member of an irrigation user group (MEM) 0.027 1.048 0.326
Accessibility to information about water management (INF) 0.098 3.163 0.002”
Contact with irrigation department officials (CONT) 0.148 2.457 0.005"
Participation in training related to water management 0.089 0.745 0.093

in drought conditions (TRIN)
Constant 2,737 12.764 0.000**

R% = 0.282 (28.20%)

F=9.243

Sig. of F = 0.000

* Statistically significant level at 0.05, ** Statistically significant level at 0.01
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