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NATAINTAAULLDLTAAN USIFTU LLAZADNTY

ARAMNWNATDIBEIINIANUE NI ADSAY

Effects of Gibberellic Acid, Brassin, and Auxin on Fruit Quality

of ‘Pinkerton’ Avocado

ASIENE NaNUIU' UNNS Yaylaan’ uaz agal wInsun"
Sarayut Homnan', Nopporn Boonplod” and Daruni Naphrom"

‘madrNTaansuasLgiimans anszinemsaans ananenaedeslua 4. Fesliel 50200
7Department of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai, 50200, Thailand
*A1917TNTAI ADISHARNTINNTNEAT WAnenaunTs 9. (Felua 50290
*Division of Horticulture, Faculty of Agricultural Production, Maejo University, Chiang Mai, 50290, Thailand

*Corresponding author: Email: daruni.n@cmu.ac.th

(Received: 22 October 2020; Accepted: 30 April 2021)

Abstract: Study on the effect of plant growth regulators on fruit quality of the ‘Pinkerton” avocado, was conducted
at Thung Roeng Royal Project Development Center, Hang Dong district, Chiang Mai province. The experimental
design was a completely randomized design (CRD) with 3 replications and 7 treatments; 1) control (tap water),
2) 25 mg/L gibberellic acid (GA,), 3) 50 mg/L GA,, 4) 0.5 mg/L brassin (BR), 5) 1.0 mg/L BR, 6) 15 mg/L
Maxim® (3,5,6-TPA)and 7) 30 mg /L Maxim®. All treatments were sprayed on fruit for 2 times, the first time
was at 1 month after fruit setting at 50 mm of fruit width and 80 mm of fruit length and the second time was at
1 month before harvesting. Results showed that spraying 25 mg /L GA, resulted in more fruit width increasing
in September (23.99 %) than control (19.67 %) significantly. Whereas, increasing in fruit length of all treatments
were not different. Spraying 0.5 mg/L BR and 15 mg/L Maxim® resulted in higher fruit weight at harvesting
time than the control fruit significantly. Moreover, both concentrations of Maxim® gave high skin thickness.
Spraying 0.5 mg /L BR and GA, 50 mg/ L increased total fatty acid as compared to control. Furthermore,
spraying 15 mg /L Maxim” gave the highest percentage of palmitoleic acid and linoleic acid. All spraying
treatments of PGRs, especially 50 mg/L GA,, showed the increasing in oleic acid (unsaturated fat) significantly

as compared to all treatments.

Keywords: Maxim®, fatty acid, plant growth regulators
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UNAREA: NIANHINATAIANIALANNNTNI Y LTRTasRTAan1sWm AN nNaazTan InaugaAe i
VARSI 0 ABTWINLIIATINIINA9Y9ET ananens Aandadesluid IngaeununimasesuuuguaNysal
(CRD) 3 41 Usznaudae 7 n3ssda Idun 1) NFFNATAILAN (w'wjﬁl,ﬂ@"]) 2) NIRALILBLIAAN (GA,) 25 NaanTNse
AR 3) NTARALLLALTAAN 50 HAANTUFAAAMT 4) UT14TU (BR) 0.5 HAANTHAAANT 5) UTI1ATY 1 NAANTNARAMNT
6) Maxim® (3, 5, 6 - TPA) 15 Haan5usia@mns uaz 7) Maxim® 30 Haaniusiaans luynnssudsiinisnugans 2 A%
Tdoumasna uasad 1 luszesRnuarunaraandaEaLlsEINnL 50 TIARIMAT PINENINAL SN 80 TiaRiums
LATHUATIT 2 AEUFUNANER 1 AeU HANTTANEY WUdA NS GA, 25 Hadniumeans fnsfiaiuaes
ArandranaluiauiuEe 23.99 % Jennda 19.67 % 189N93ITAYLANDE R ATy hanginniiaiu

289ANENINA IHAHWANFTLLUYNN9INAT N1anL BR 0.5 Hadniusiedns way Maxim® 15 Haaniusedns

o

yinliRdminualuszazfiuiaannndnualunssidsaruanet WR1EATY N39il Maxim® Tisassaaududul

o
a

ualiAcumuaangs nswu BR 0.5 Aadniusedns uaz GA, 50 Haaniusedns Wisninnaa i
Wsduilefiauiunsmidt muns wenanil nemidaiiviu Maxim® 15 Aaaniuseans Auesifusnan pamioleic
waznam linoleic qqﬁqm N9 PGRs N)NN9ssislatiany GA, 50 Haaninsiaans vinlinsa lusdis oleic failunan
losliBufaindunnndnnnsndtedaiiiudnfy

AdIATY: winddu nanlasy anspouannaesRuinTesie

AU a19AauANNILas iU Tnaa9 g (plant growth

regulators PGRs) '&Wﬁiumwmmmmmmﬂﬂ%

azTanln f3e3na Aan531 Persea Lwamiwmmmmm’lummmu fedenanafian
americana Mill. S lwaed Luaraceae [uAen unnsneruly @ mu@qﬂ‘u AN TN Lazdaa

Aueviae agluana Persea arlaniaiugiamasiu  nsvmunaesia Iaalugdasniswmuiauinua s
HN1IRRWI A ERUTNNIAINAUG Hass nanAuiug  nezuaunamunuedduin iifnUfduiussendng

Rincon ufguaavladifie (Sippel et al, 1992) azlanila sefunmaiuNslE PGRs A9innsvinun9Wai
Wuﬁ:ﬁamm‘rﬁuﬁﬁmmLﬁmﬁumiﬁmmwmmm AMUNINHARAR Ha1eaunisldansnguaandu
A s ui g waesnaldanysal Wug  Tipimon® (2, 4, 5 - trichlorophenoxypropionic acid)
AunafAul ansusrana IngAseTuRug Hass uaz Maxim® (3, 5, 6 -trichloro-2- pyridyloxyacetic acid)
datlseneudaansalasiuladusa iy oleic H1unn Tnanufuaualuszasinuadinonududu 100
50-60 % palmitoleic 6-10 % linoleic 11-15% Q& AR EGEE Vlﬂwmmmzuwuﬂmmwmu
linolenic 1lszanau 1 % Rnamlasfudsnsa palmitc 15- (Stern et al., 2000) wazin3lg 3, 5,6 TPA 15 Raansa
20 % 89030 la st (Magwaza and Tesfay, FaamT ‘W'u‘ﬁ'miamﬂmﬁamﬁmmmLzﬁumuquﬂfﬂmq
2015) uanannii arloninrugiamefiuaInisn Ussunnd 13 - 15 Dadms a1nnsnsanisaseyiuin
ﬂqniu‘ﬁuﬁﬁﬁ mmz_ﬂqmnazﬁuﬁqmm 670 lWAT FnBunuaniiulamem uaziivinaessalaaien
(Royal Project Foundation and Highland Research oy (Reig et al., 2016) u‘ﬂﬂ@’m‘iﬁﬂ%‘ﬁﬁ GA, ' lu
and Development Institute, n.d.) A48 Anan1nly agu AN NdY 1 Te 5 AaAniuseans WunTe
mﬂmaﬁu‘ﬁﬂ@uniﬁ” FUIBNANAIABNUIUL TN 10 TU 111N T98

TadadnAny dsenn iR danase ‘Lﬁ’maﬂ\juﬁ‘ummm:ﬁwﬁﬂ AuTulg (Jarassamrit,
N19R3 Y AU TRIAINALATATUNINHANAR Ad 1994) Auweraauiduansfgastun1 R L LAY
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NAUBINTAALLUALIAAN UIIETU LAZRANTU

AaRnnnarasazlan AN NARSAY

NS YA L IATBINT F9ansefuN19E AR 10
AR LAaTN13UeNYLEaa (Pramanik et al., 2017)
usadu (BR) i uanInguaitsesdneananase

a a = Iy ' a v
nigsy i uinaesivaldvainuaty daasulia
N7E AFMIRUTAR NITULALTAR LATANNITDFETH
gafluunguaunTaaIn1snvinausaniule (Wei
and Li, 2016) HN1sN WU AT UN AN T NT W 0.5
daanfuredns saNiy GA, 50 Naaniuseans
Wiiunagalugag 15 JUnNaaannnaLAaNTe 11190
W NIUIALAZUINNNUBINAZNA L6 (Thapliyal et al.,

o 3 aifd v =2 v
2016) A4EU I UNAARINAIFBIN1TA NN 1T
BONTU ALUBLIARY UAZLIIETU WNB1IFU1g9nunN
nandanvevesiianlniugianafiuliiguaan
NANARTI AU

L4 aa
adnsaluaglasns

wenduazlanilniugiaunasiu any s
61l flannanafu s1uou 21 fu o AW W0
TA99N1998297]9539 811neu19Re Sandmdaglug
azRqM 18.791233 AB4A A 98.809993 319U H 1
m@mma@umuzﬁummy?mf (completely randomized
design: CRD) 3 4 (1 AL 1 %W) sznaunae 7
nesa wail 1) neniaaauan (wiian) 2) GA, 25
AaaniNFeans 3) GA, 50 NaaniNmAeans 4) BRO.5
Laansuseaans 5) BR 1 Naansusaans 6) Maxim®
(3,5,6-TPA) 15 RadaNTNAAANT LAY 7) Maxim® 30
faansuseans Wnedennaazianilaidaunn
In&ABITN 10 NasBAUW WUANTATNNITNATHS ]
AU 2 ﬂ%ﬂﬁﬂjuimm@uﬁqm Wupsad 1idlena
FAundnetlszanns 50 Radwwmns g19tlszanns 80
Aafwns luneaulguiau w.a. 2558 WAZASIR 2
Tuiheuiuaney w.a. 2558 Tuiinnisiasoyduls
2890 lAENIITAAIINNINY LAZAINNANING A
nefiflaanfAlulesuuuAanes euas 1A% uas
ﬂuﬁn@mmwmmﬁ@Lﬁuﬁﬂfﬂmﬁﬂu@mmu W.A.
2558 T4 UA LNMiinaA TMINWAR 1UNARS TUIA
AR AMNMILES AuMlAen Laminanuas
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Bantnuisreiiiens Vsuimnsalagdusudae
78117 Soxhlet extraction (Lugue de Castro and Priego
- Capote, 2010) kaziFunaunsalasiuurazsfia lown
palmitoleic, linoleic, oleic kAL palmitic ﬁ”ﬂﬂm?lm GC-
MS (Hurtado-Fernandez et al., 2015) taald column
HP-5 MS Agilent (0.25 mm x 30 m x 0.25 pm) 4 uia
Fiaenduulann Aiensnislua 1 Haddnsse
Wi Bunnansilddmiusinse 1 1ulnsdns
(anuun# 220 C split mode 150:1) 11981 30 w17
Amsziuan1aan Aamaallsunsy Statistic 8 (SXW
Tallahassee, FL, U.S.A.) uaziTauifguAauansng
109ARALE2HAT least significant difference (LSD)
fsziuAanudesiu 95 %

NANSANEILAZAIANTL

MINEUUIUDINA

Twheuiueney naazlnilaiugiaeessi
AT GA, 25 fiadnsurieans Snaiaduzes
ANNNFNEAANNIABUN QUNEL 23.99 % Famanndn
n39udBAILANBL T A ATY d9un19W L Maxim®
30 Aadnusiedns AniafinTugesnnundiana
WAL 2148 % d9lalumnsinsaannisw GA, 25
daanFuseans BRO.5 uay 1.0 HAANTNADANT LAY
N9IINATAILAN wiinsindueesANnd1aNa
NINNTIINIINY GA, 50 HARNTNFADARNT LAz Maxim”
15 Naansusiadns ateildadAty (Table 1) T
‘ﬁlmﬂﬁlu%umqmmmqma"biﬁmmLLmnﬁmﬁuiunﬂ
N99173 neflAnaEnanaLR NI 15 - 20 % (Table 2)
IN9NUINEIT8Y Binenbaum et al. (2018) WU31 NF 1L
GA, FURTHUNUINABNITUIUNIIWR U N13E A
WAZALNEIATEINE TAENIIWENUINITLATE AL TRaaY
nslan (trichome) Tuntsadeyiiuinaasmaa
wazluanuddauas Ninond et al. (1996) 1n1sld GA,
Auaduiug lyiuzaznivdsnenuiu 3,5 uay 7 5u
e uwldurinlaamenanasnnninnaslaildans
fesnann GA, daanszrunistindaaagtaann i
MU ANEN9 FINDIT R TUIEAIINNT TN
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Table 1. Effect of gibberellic acid, brassin, and Maxim® on fruit width of ‘Pinkerton’ avocado

Fruit width (mm)

Increasing in fruit

Treatments .
June July August September width™ (%)
1. Control 48.02+024°  4980+028° 5487+037° 57.47+0.33° 19.67 +0.28°
2.GA,25mg/L 5140+0.39%  5564+0.33% 60.17+0.28% 63.71+0.34% 23.99 + 0.40°
3.GA,50 mg /L 57.18+0.58"  59.05+0.56% 62.39+0.56%  66.64 +0.56° 16.60 + 0.35°
4.BR0.5mg/L 5516+0.32%  60.03+0.36°% 6354+037° 66.65+040° 20.81+0.26°
5.BR1.0mg/L 51.06+051% 5417+051% 57.08+052% 61.65+0.55% 20.75+0.24°
6. Maxim® 15 mg / L 52.75+0.44%  5329+045%® 57.90+044% 61.14+047%® 15.89+0.05°

7. Maxim® 30 mg / L 52.20 £ 0.60 ®

54.55+0.60 ®

62.29+0.67% 63.42+0.68% 21.48+026%

* *

Significance

* * *

Means within column followed with the same letters are not significantly different at P < 0.05 by LSD

! Increasing in fruit width calculated from fruit width in September comparing to June

Table 2. Effect of gibberellic acid, brassin, and Maxim® on fruit length of ‘Pinkerton’ avocado

Fruit length (mm) Increasing in

Treatments . 1
June July August September fruitlength” (%)
1. Control 84.32+0.67° 85.40 + 0.68 ° 93.78 +0.66 ° 99.59+054°  18.16+0.32
2.GA,25mg /L 89.41+0.45%  92.74+0.37% 104.35+0.62% 107.57+0.64°° 20.36 +0.69
3.GA,50mg /L 9422+044%  100.09+048° 10596+049° 11291+0.36"  19.86+ 0.31
4.BRO5mg/L 93.93+0.57° 99.83+0.40% 103.89+0.35% 111.30+041% 1859+0.59
5.BR1.0mg/L 8546+0.51%  89.42+057%  9893+046% 10242+045% 19.91+0.57
6.Maxim®15mg/L  8849+046%  90.95+050°° 9861+0.69% 102.07+062> 15.30+0.47
7.Maxim®30mg/L  9255+066%  96.32+058%° 10492+0.70°  109.92+0.65%° 18.94+0.81
Significance * * * * NS

NS = not significantly different

Means within column followed with the same letters are not significantly different at P < 0.05 by LSD

! Increasing in fruit length calculated from fruit width in September comparing to June

Yt ena uaznsiaLaNINT udae NIy GA,
5uaz 10 Haaninseans ﬁu??ualﬁuﬁfw Her Pau
113 MaU HEIABNLNL 14 1 @1UNTDHR AN
HA ANENANR TR TMENILER waznTn
LLﬁme‘ﬁﬂ sauDelFNN TSS (Chang and Lin,
2006) 1189911 PGRs 14 3nquidungunazsu
naRsALle dunsndastunnnes AU iR
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ATUNWHA

N13ANHINATE PGRs fanunInealy
sxzfUdRe Wudn n9WL BR 0.5 HaAnsusedns
LAz Maxim® 15 fiaansusiedns ¥ l¥d i minua
WINAL 248.09 WAz 231.97 NTH AINATAL NINNIN
nesuiaAauAndildhvinuawiniy 14964 niw
atinaflTodn Ay Tuanzinnsny PGRs NsInda
a1 Waiwinualiumnansannsniaaaunu us
N394 PGRs vmmm%ﬁﬁﬁwﬁﬂLmﬁmmﬂﬂdn
NITNATATLANENIAUNITNU GA, 25 HaAnTusadns
WAE Maxim 30 HAANTNFABAMNT AAUTUIAAIINNINN
UazAINENTeNA A U T A2 N LAN AN NAT B
(Table 3) a1nn13 14 PGRs TutFu1uaansidudy
LAz wlunanf mun rand s anarian Il Sawin
naf R NTuNINNdNIAaAauAw Taailanuads
WU91 PGRs NN@8NTU daainluniaadoudie
Anflulansnunazanldfnadafly strong sink 1&
LATNITNUBANT Y (3, 5,6 - TPA) i lualanaan
fl5unmanududuresnnilulamngeiuile
Feufunsmiiaaauau (Reig ef al, 2016) wanannil
sl 3,5, 6 - TPA funae guasnfintnuingg

Aua AomLiuie uasBunniaesuieilazaneia
16 (TSS) R Ha T mInuINT L uazARagnau
(Agusti et al., 1999) lungu GAZ28NILHUNANIIN
WUNLBATNIBILUAIEF19 (source) Tudun oy
mMedaipsziuas 19 GA, duiainnanssntagiaulasl-
Eumm“mMumm%ﬁqﬁmmﬁmmﬁmﬁ'q”l,ﬂ‘ﬁ'
WARSLI U (sink) (Igbal et al., 2011) N{N U89 BR &
ﬂ@jumLﬁﬂa‘@ﬂm’LﬂuTuL@Q@dﬁﬁﬂﬁzﬁqzﬁvm&@ﬂmmﬁm
finsssgduTnduldedtadnfilunswaeuulas
Aanssnaavaulad Auands Lé@ﬁ:mﬁﬁ@@f ns
#aAs129% DNA RNA wazlilshiu lunseuaunis
Fapsziigs Teflnasenszuaunstiaeng nsaene
AR Ad LasnNI1ThLaaa (Friedrichsen and
Chory, 2001) wonaNnH i nsAnHIHa T8 BR
FaUTHIMLAY AN NHANAATDILTATINI Y i
ANLT NI 0, 0.25, 0.5 LAY 0.75 RAANTUARARST
w191 1514 BR AiAaududy 0.75 Tadniusie
ams arunsnfi NI ueuTnloaniy Aanfud
LaziBnaluen uavdaRaiaALLLEe tamen
HA TUIAANNNGNE AN BSHALTBTTNITUY NN
AL AR (Roghabadi and Pakkish, 2014)

Table 3. Effect of gibberellic acid, brassin, and Maxim® on fruit qualities of ‘Pinkerton’ avocado

Treatments Fruit weight (g) Seed Seed size (mm) Thickness (mm)
weight (g) Width Length Flesh Skin

1. Control 14964 £1.73°  2052+041° 31414071 4341+077 1223+035 0.91+0.11°
2.GA,25mg/ L 188.55+0.82% 2876+0.40% 33.42+052 46.60+052 12.83+0.23 0.94+0.13"
3.GA,50 mg/L 206.32+063% 3278+0.77% 3474+047 4569+057 1323+023 1.13+0.14%
4.BR0O5mg/L 24809+1.85% 40.36+054° 37.60+043 4962+063 1447+052 1.09+0.14%
5.BR1.0mg/L 153.91+1.64° 3243+068% 31.93+064 47.76+1.12 13.33+0.30 1.08+0.07%
6.Maxim®15mg /L 231.97+174% 3297+061% 3525+0.75 4217+0.77 1294+032 143+0.09°
7.Maxim®30mg/L 17950 +1.94% 2651+0.56™ 3241+0.51 41.26+0.49 1347+021 1.33+0.12%

Significance * * NS NS NS *

NS = not significantly different

Means within column followed with the same letters are not significantly different at P < 0.05 by LSD
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& aa |
AINUUNTBLHeNa U NNITNaT LN
ANNWANF NN R WANTTIT Maxim® 15 Raansu
Aaans WANuuIaedlasnwindy 1.43 Radwms
FININNIINITNIDAILANUAZNITNITN AU GA,
25 RAANSNARANT NHAMNUUILARNWINTY 0.91
WAL 0.94 NAALNAT ATNANAU (Table 3) LHiad9ann
ANINENDBNTUNIZHUNTULINTA R UATIENLIUA
1098 s ndanszAulimadaiisaguInGu
g pericarp asganann it exocarp ludanzes
FulaenuuIY (Jarassamrit, 1994) TIAIINNAUN
A = o ] ¥ A a o v
wasnfnatunisaudsrasnaliineunnatiagiali
NAPNANTIWIZUINUUAS
n13ld BROSNaansumaans N1 liua
azlan1ladif3unmunsaladusannanign 74.50 %
s03aeNnAan sl GA, 50 Hadniusiadns Tiinsa
Taslusan 64.50 % TauAnNsvati el Tud ATy ie
Weuiunssndsauaun Hd3unslesiu 54.50 %
Tansinesudtau Hsununsaladusniasndn
Wi uNIsuisAILAN (Table 4) lunaszianiln
~ v a a o = aa
HnanlasiuriiaandaFuinnnn dauiuguaniis
4 L Y o
nlamieu Lu'ﬂm@@qmuiﬂm'm palmitoleic, linoleic,
oleic WA palmitic acids (Villa-Rodriguez et al., 2011)
Felunan1maaast wudn n1sld Maxim® 15 8aansu

feans i lFdUsun o lasuliausa palmioleic lu
anauniigaminiu 13.12 % Weifteuiunssuaa
u uazsasasunAenisld GA, 25 Hadnfusaans
Maxim® 30 Ha@nfNAeams uar BRO.5 Hadaniu
iedas H1fann 10.26, 10.25 uaz 10.01 % AMAAL
4eN3N9IARARLANTITLTHN 8.18 % uanannil
N3l Maxim® 15 Hadnfusiadns ainliiTunn
nan'laslus linoleic 1Nl gAML 12.95 % Wilaifiey
funssnAsau wasfiunauladenisld PGRs 9N
n3sud v IWnemlasiu oleic unndnssuatALAN
atHlled1ATy Tnaanne GA, 50 adniuseans
1A LT oleic 1INTTU 51.03 % 7898411AD
n1sld GA, 25 Hadnfudeams BR 1.0 Haandu
Aafans Maxim® 30 Haaniuseans BR 0.5 Hadniw
fiadns kaz Maxim® 15 fiadnsusiadng 7il¥Tum
oleic WiNf1L 48.72, 48.31, 48.01, 47.53 Uaz 42.71 %
PNANL WaEiingsuds AL AN S HIN oleic
Wiy 36.87 % n13ld PGRs yynnesudsva il
Psununanlaudus palmitic T enatiasnd
n3TNABAYLANAENIHTEA ATy

H31891u31n191d PGRs fuayA1A983
manumsludsnarnlidunulalasansuen lshiu
Lmzﬂ?uWmmm”l,mﬁummmﬁmgr&i’uﬁlu‘-ﬁ?u

Table 4. Effect of gibberellic acid, brassin, and Maxim® on fatty acid of ‘Pinkerton’ avocado

Treatments Total fatty acid Fatty acid (%)
(%) Palmitoleic Linoleic Oleic Palmitic

1. Control 54.50 + 0.66 © 818+0.19° 10.00+020° 36.87£023% 4495+027°
2.GA,25mg /L 4450+065% 10.26+029° 10.90+027° 4872+0.16° 30.12+0.33°
3.GA,50mg /L 64.50 +0.71° 9.33+025% 7570+022° 51.03+028° 32.07+0.20°
4.BR0.5mg/L 7450 +0.67° 10.01+0.26° 6.73+027°% 4753+027° 3573x0.28°
5.BR1.0mg/L 54.50 +0.64 ° 6.70 £ 0.28 ¢ 549+021% 4831 20.24° 39.50+0.20°
6. Maxim® 15 mg / L 4450+065% 1312+029° 1295+0.11a 4271+046° 3122+023%
7. Maxim® 30 mg / L 3450+067° 1025+0.16° 7.03+0.16° 48.01+0.14° 3471+0.16°
Significance * * * * *

Means within column followed with the same letters are not significantly different at P < 0.05 by LSD
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(Abdelgadir et al., 2010) %Qﬂitﬂ'ﬂﬂﬁ”ﬂﬂﬁmmuﬂﬁm
1 a o 2 1 o
wumaaduaF Ty lawmen e ansueu lalasamy
LAYAANT LAY A9d NN HLFN N A T wlu
narasazlonlaled WanFauiauiunug Hass 9
AUFununsnlasiu palmitoleic 12.86 %, oleic 50.20 %,
linoleic 12.17 % wag palmitic 23.76 % (Klinhom et al.,
2005) ununguladnnisld Maxim® 15 Raaniuse
amns nUTuunsa laduli@nsaaiia pamitleic
U linoleic #9un19ld GA, 50 HaANTNFADAAT LN
Usnnunsnlasiulid@usaniin oleic TWnanndnwug
Hass nnsldansaauaunisasny i ulnassasAnils
netfadesing o i alnvesie sliawazadNdnd
aal £ £ ‘d‘ Y
289419 IBNIT LT ANTANTNLIARDN MIUUZN 1T AN
9 v A ~ % .
LAZAMNNFANYRIAUNT tHaIaNNNITIEaN TN e
=3 v d' = ¥ o v
wnrasansalasunszuaunisnne lung levn 13
AINAFRDNIIWA U WANFANTL

G

nislda1sAauANNITRTY AL IR
ﬁmmmmLﬁuqmmwmmm@@:%mimiﬁ Tne
514 GA, 25 aansureans inlinisiny
199NN HaNNNIINIINAT AL A luanieT
nafinduresraenana il Anuuansnaiy
lunnnasnads daunisld BRO5 Hadniusedns
uaz Maxim® 15 Hadnsusiaans v liuaazianain
ﬁiwﬁﬂmnﬂdﬁN@Iummﬁ%muqu N3N U Maxim®
15 §aanfuseans Waduuuizealaanviaiy
1.43 NAALNAT %amnnd’mﬁﬁ%muqu AUN1INY
BRO.5HAANTNARAMT LAY GA, 50 NAadANTNG 2
ams amnsainlumnaalaiusn luienaile
FeaufunssuaaaauAn uananiinigld GA, 50
HaaninAedns waz Maxim® 15 Hadniuseans
inlfidenaeziannladsunmnsalaulddusa
oleic WA linoleic mn‘ﬁ'qmmwﬁﬁﬁu Fatunmsns
gugnaunsnidenldarsaaununisiasoyiule
Aana1atunIsimuAua nresuaas At laiug
INCLEN
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Effects of Plant Growth Regulators and Light Quality on In Vitro Seed

Germination of Habenaria rhodocheila Hance.
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Abstract: Habenaria rhodocheila Hance. is one of the orchids which shows low seed germination even though
culturing in vitro. The aim of this study was to improve seed germination of H. rhodocheila. Two sets of
experiments were conducted. Firstly, the effect of pre - treatment on seeds with plant growth regulators
at different concentrations using a -naphthaleneacetic acid (NAA), 6 - benzylaminopurine (BAP), and ethephon
for 24 hours. After pre-treatment, the seeds were cultured on Malmgren modified terrestrial orchid medium
(MM). The result showed that 0.1 mg L™ NAA, 1.0 mg L' BAP, 10.0 mg L, and 1000.0 mg L" ethephon
significantly promoted seed germination compared with control (free - plant growth regulator) and other
treatments. Secondly, light quality treatments, seeds were sown on Murashige and Skoog medium (MS)
and they were kept under six different wavelengths of light including control (under darkness). After two
months of culturing, the seeds under darkness, violet (405 nm), green (546 nm), and yellow (595 nm) lights

showed significantly high total seed germination than far - red light.

Keywords: Habenaria rhodocheila Hance., seed germination, plant growth regulators, light quality
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undnta: wiandagliAuaudansiidasmnissenan feustdnazinnmnzluanmilaenida nnmaaesil
A9mqUsrasAiiednEdsninindasininentendandaelifaudans lnavianisine 2 ganimaaas
ﬂ;mmawmm‘ﬁ' 1 Anwnaaasa1snauaunIsasyauinsanissenuendn Tnaudiwdnluansarunu
nnsasnyAuls Tewn a-naphthaleneacetic acid (NAA), 6 - benzylaminopurine (BAP) Lag lansnau fazy
panudndusing 7 fu ifunan 24 G2l arntutinlimnzuuemegas Maimgren modified terrestrial orchid
medium (MM) a9nuan1mmaaes wudn nsut minluansnaununiaain i uln NAA fissiuaadude 0.1
HaAnFusiedns, BAP 1.0 HaAniNFaans waz lanineu 10.0 NaaniNAeans duaTNgnIINIen1auuan
ndae A wlansldRndnedaitudiAynead Wedeuiuganimaaesd il dansaauaunissdoduls
mmwmamﬁlmi winluansazans NAA szsupanudude 10 waz 10.0 Sadnsusiedns ua TANNINARDY
flugwdnlugnsazany BAP ezdumududu 0.1 fadnfusedns nimaaed 2 innmeaeudszaniam
VDIUAIFANIT9BNTDNF AT N NF ALUEM2gAT Murashige and Skoog (MS) nnelFuasiidl aanueg
ARULANATL 6 WLIL Reef Aaidauas 5.0 umol m*s™ uargAAILAN (ANNHP) AADALIAN eyl 2
e nudn wdaf g3 uiida waeddag (405 wnlumne) uasdiden (546 unTuiums) unzuasdivies (595
wnluiums) f8msnissentemfafiginduudaiimiznslduadinaues ashefhiudfymnais

[

AdAny: naoeliAuAWTIng nenTeNan asnauANNaEstALTRTeINT AIUNINTEILAY

AN 13z 30,000 + 2,000 laAABLN wAdI1NNINIAN
gdters 1 % wini

néaeliAuanaauiiens (Habenaria) o fiuanilaAsefiianisdneuazes

Tua4A Orchidaceae dnsrataWugag luili 1y a13AauANNITaTyRuInfan1eenlauNE A
Unuyanssu Unauien wazd 1l (Kurzweil, naneld Nan19ImMAAeY WU A19ATLANNIIATTY
2009) Tutlszmnalne Waun fuyen uaz 419 (Royal Aulnunsrfingdasiunissen udunefiafduds
Botanical Gardens, Kew, 2017) indaeldAuana  nimenvasusandaelsl (Stewart, 2007) Miyoshi and
AuTansnfauie degarunsonuldludssmealne Mii (1995) Wu31 nNuwM A auesnanelsl Calanthe
Uiy A ﬂﬁ'%liﬁéuﬁ\mi (Habenaria rhodocheila discolor lutlugnsazanel NAA fiszfuanududu
Hance.) Hpan@auyaufsdaunends Wiuaoadan 199100 Hadnsuseadns wiu 7 Ju inliimdnsen
'lumimé’ﬁ'%wn@mﬁwiﬁﬁu lugnIngssnTIA iU 50 % daunisudiufaluieniveu fiszdu
ndae A wslnsfiduauanasreudnann Wesmn AN NTY 1000 HadnTusaans d9ia3un19a319
waasenlses Daudasiinninmnzluan nwdaen TUslmmasu Stewart and Kane (2006) $181471491

e Adeiiefidusinisseniian Usenans 02909 ansaouannisasyiuln ngulanlatiu (lawsu
5.48 % (Piyatrakul, 2004) anwiniwannaseld  Flafu uaz BAP) Asvauaududuimuizas

anliasanaaz I NNE AN ANNZ AR 8138z AN daasuniseanaeasdannane'ld Habenaria
agtiaanin Gelusssnanmwannaneldazaiunem macroceratitis Wa¥ Piyatrakul (2004) 3121411491
senlatasniserdameniuaeslsriuuuanni: nasliarsaauaunisasyiuln NAA Nezdy

(Nigel and Dixon, 2009) @anulunaaeldsingu ANdNdw 0.1 Hadniusiadns NAA AILATU BAP
L L N9ANENRY Batty ef al. (2006) $18471497 AZAUANNENTY 1.0 RadnFuFAaanT a1
fnaasnane’lsl Caladenia arenicola HaNUILNAR WnnieenaasNannaa laaudans e
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UANAINAITAIUANNITIATEY AL TALAD

a o d' aid 1 =3 v v A
anifadauilaninaran1saanuaaNaanansls Aa
LAY TINATAILAIAANITNANUDINAANA8 1T
Aﬂ?/ 1o a U v v 1 < v v
Auag Tuatasendonlifae 11y wanvenasy
192NNTINBINIAABINITHAI LUNITIEN AIULNAN
yaanang iRl faanisuasliunisean (Kauth et al.,
2006) Inaisneeudnmanaeanaaelsl Dactylorhiza
majalis (Rasmussen et al., 1990) Calanthe Satsuma
(Fukai et al., 1997) wax H. macroceratitis (Stewart, 2007)

v Ay ' @ @ Py va
sanlaAluiie atnaleinn wanueandne ldmn
Y9I N AN I 89UI A RINFLAITUN1998N 1T U
naneldAureIeednsAY ARINITLEIUIY 16
Fqlnamadulunisen wasiaanane limulumm
Saufanunsosants Walasunasluganiniudni
(Rasmussen, 1995)

a o tﬂ’/d al a =
U UAINLUIAATUNITANHINALD

A17ANUANNTAIY AL TALASNATBIAUNINTDY

' I3 [ 9/: o p 92
wagmaniIsanvadNannaas liauens e ldluy

QI U £ Y oa dyl
AN LFN s uaaandne L alatisall

aﬂnsmua A8N1SNARAI

MSLASENNAR

1 dnassnaaelsiawdans (H. rhodocheila)
nldannnisuansaessiuou 20 n Weadnang
Asu 8 dand Auieaonasiadnaasnaneled
1$7qnuund 25 + 2 C dszan 2 dilanf 1ieni4an
P 4 d o d .
TUtlauNan (testa) Taillwitiarnmaiuilads
PRI o = v = v o P
A ldmansandn @9ldnan1mAaegaadn

AJ A’l v v v dld 1 o
nnsiadnieldauuialiaainaaninandnnistingdn
Twneiun uaaannasy 2 dlaiudn Wadniin
[~ F2 v v ] d’l F2 =l

wannaaelleanuusonensdesae bne s -
laldaaaTlsl ( (NaOCl) mwmmu 10% w1 15 UA
LL@’J@N@QEJ%’]ﬂ@M@”@WﬂVluWJ’1L‘H?JLLCZ\]"J AU
3 %y Belddnute Inavasesnimaandldudn
AUATTANY
NSANENATRIAILANNSIAsALTAGRaNIsIan
yauNannaqeliautang
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vudandas i mulansildsunisainde
wAaUT A lUANIAILANNITATTY Aulnfilaenide
Tnanisfiailesdnde dedaiauazaonuidudy
A9 U TauA NAA (0.1,1.0 wax 10.0 Raansuse
am7) BAP (0.1,1.0 LAz 10.0 HaaniuAaamg) Lay
Lfam‘vxl@u (10.0, 100.0 LA 1000.0 NaANSNFQAAT)
‘wfamvmu 25 +2°Cunw 24 49Tue udainmdn
Uszunnd 100 119 300 Wan lUmnzuwasudegns
Malmgren modified terrestrial orchid medium (MM)
(Phyto Technology Labolatory, KS, USA) ﬁlaﬁ'ﬁﬂmﬂ@
glnsa 3 % laumzid e1unn 6 Hadwms wdain
Winzaasluiesiigniunl 25«2 C Wuaadng
fravaaninngaaisadus fipanuduuas 31.5
umol m?s™ W1 16 Falueriady
HATRIAAINTRILAIADNITIANUDILHA A
naaellaausians
ﬁwLuﬁmﬂ@’i’fmiﬁgummmquzuummﬁu
{57 Murashige and Skoog medium (MS) (Murashige
and Skoog, 1962) 192104 100 D14 300 wWan Tuany
MNLFe11nA 6 TadLuas dsanisianagl
nelflueamziaes frUNNH 25 £ 2 C Tiiuasadng
fa8 a8 m monochromatic LED ‘ﬁlﬁ M’mmfmﬁlu
uansinafiu Taun waadaiag (405 nm) uasdnsn (451
m) WaSA 1T 89 (546 nm) LASALMAR (595 nm) Lad
AuAd (671 nm) wagdlnawna (774 nm) Iaa T uas
FAADALIAT LAZANTNEIA (TAAIUAN)
NN9NUNUNISTNARDILASLIUNNHA
ms‘wmmﬁmumum?wm@@umum
zﬁu‘i_l‘a“m (completely randomlzed design, CRD) uFaz
ﬂwmmmﬂ@‘vﬂfaumﬂ 347 418z 1 971
Hewdasen Ausnndunlefifusnisen
wazsn ludaaduan arcsin wazldllsunsy SPSS
version 24.0 statistical software (IBM Corporation;
Somers, NY) Anuatuaiia 1aeld one-way analysis of
variance (ANOVA) Lazil3g Uil uAiaaedas
Duncan’s multiple range test (P < 0.05)
NIINARBILAUBIAITAILANNITLATEYLALITH
siansaenaasndaeldiauans tufinuanimeaaes
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He187 3 1R eUNFIBUINZINER HIUHAT
Qmmwmqmei'aﬂ'm@mmﬂﬁqﬂiﬁguﬁqns
FUHANIINAABINAIANINNLINE A 2 1B aw 1ila
ATLIRAMUA LA AT NN ZUNAIIA A LR A UANT
ﬂmqLmﬁmmﬂ“lﬁﬂﬁmwmmmmuL@uzﬁhm@u
(Olympus, CX12i, Tokyo Japan) ‘Vm’m\ﬂlmil 100 Wi
Tnen"9tiL IS AT L ALAYIE ATIAN mmem@n
utivaaniilu 3 seaznisasoy s g et 1) 92812 pre -
protocorm Aa Luﬁmﬁﬁlumu 2) Te81E protocorm Ag
wasmsian U iullslnees 3) 9v812 post- protocorm
A wanTawn T udugeuiinaes (Figure 1)
wasiiusnssanuaunan

i aATURIMUATYEZIIA1 19NN ARD
BrmdauaiieAne e fidusiniseenuay
ﬁﬂmqmmwmmﬂm@ﬂimﬂLmnmﬁﬂﬁ'mﬂﬂﬂmﬂu
3 9zaiy lewn 92812 pre - protocorm, $¥81% protocorm
LAY 92812 post - protocorm (Figure 1)

HANTITNANDILLA 33@’]‘5‘(13‘

Na"ummsmuQumem‘émLauimﬁiamsaanmm
[ v szqy s

waanaaglsiauNans

wannaaeliauTansud Areaisaruan
nalastyiulnia 3 1l Hulefidusinssaniiuangng
Au Inewannane ldaudansfud Ty NAA Agzay

[ a a o | a = o

AN NTYW 0.1 AAANTUABAMNT WaT BAP NIzsy
AN NTY 1.0 HARNSTNADARNT LAY LONTNaU

FLAUANNNTY 10.0 WAz 1,000.0 HAANTUADARNT

Nﬂ’]?\i’ﬂﬂﬂﬂ')’]ﬂﬁ‘ﬂ%ﬁ@u Il amwuﬂmmmmmnm
(Table 1) eganndasiunnsAnEAawmini wudn
NAA daidsuninenaaqmaaiaznisasiellsinaes
lundaelivans o 98in 1w Miyoshi and Mii (1995)
e Wentimdnueandaelsl C. discolor l1s NAA
fisrAumanudndy annudude 1 89 100 fadnsu
fadans 1o lfindanaqeldeanlanannda 50 %
LLﬁianLfﬂ'ﬁfmmwLﬁuﬁuﬁqﬁuﬁﬂﬁmmﬂmm
wanndaelafinianas
deRansanszesiannnisedlilsinae sy
WA NSUHEANNUT 1N NAA Tiszsumnadudy
0.1 #a@anfusedns nszfunisaiailsinaasu
wazlslnmasuaintsanmunld il uszee post -
protocorm 1A A W6 deutwanndan iy NAAT
izrﬁi’umwLﬁu‘ﬁ”uﬁqqndﬁﬁnﬁuﬁu{?ﬂmaﬁwuﬂﬂ
Wuldsinmesunazsuaaulusees post - protocorm
AN EN1TUT A Al NAA fissduia g
10.0 RAANTNARANT WLLN INAANMUNEITZE S
pre - protocorm Wiy
&FURNTAILANNITLATEYLALITR BAP WU
gunrndadsnnsenaasuannaaellls Inawudn
BAP A9 dud s 1.0 Hadansusedns. Wusysud
wanzaNdsUfinnssen Hanuoulilsinaefuuay
Ausauluszay post - protocorm stage mﬂ'ﬁlqmﬁﬂ
WReufufiaaududs 0.1 uaz 10.0 Taansuseans
SadeAARBITUIENTUTRS Shin ef al. (2011) ATENL
31 BAP Raxfumannuidudy 05 Hadniusneans
dudinnieanaenadae sl Calanthe gnuas ldang

509__pm

Figure 1. Developmental stages of H. rhodocheila seeds, A: swollen seed in pre - protocorm stage (arrow), B:

protocorm stage (arrow), C: protocorm with shoot in post - protocorm stage, scale bar = 500 um (A

and C) and 2 mm (B)
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Table 1. Effects of plant growth regulators on in vitro seed germination of H. rhodocheila at three months after

culturing
Plant growth Concentration Pre - protocorm Protocorm Post - protocorm Total (% )1
ota
regulators (mg L™ stage (%)’ stage (%)’ stage (%)’ ’
PGR free 0.68 +0.45° 0.18+0.18™ 0.00° 0.86+0.45°
NAA 0.1 290 +1.46% 6.82 +4.42° 6.30 +£3.78™ 16.00 + 2.65°
1.0 1.03+1.03%® 1,65+ 1.65%° 0.00° 267 +267%
10.0 0.41+0.21° 0.00° 0.00° 0.41+0.21°
BAP 0.1 0.98+0.50 ® 0.21+0.21% 0.00°¢ 1.19+0.60°
1.0 469+0.69° 229+ 1.11°%° 6.96+1.88° 1360+ 1.27°
10.0 1.05+0.53% 0.27+0.27™ 247 +1.47° 3.79+2.13%
Ethephon 10.0 237+120% 3.46 +1.02 *° 17.00 +5.23° 22.90+6.52°
100.0 0.59 + 0.29° 3.34+1.66*° 0.00¢ 3.93+1.48™
1,000.0 1.28+1.55% 7.25+2.30° 1.46 +0.56% 9.99 +3.10%
CV (%) 56.96 70.36 60.01 75.72

" Means + SE within the same column follow by different letters showed significantly difference between treatments by Duncan’s

multiple range test at P < 0.05

£ v dl dJ 7~ 1 v o
ANt uE W o Tauaneliidiudanasliesdy
v v dl 1 U CI) 1 v <
AN N Y189 BAP NAaUT14A 48 ldiuan
v v v 1 d’ v v

nanglfvanladand fmuiduduga

WHaNANTUINATDUENINDL WU NIEA
ANNNLNDL 10.0 WAz 1,000.0 HAANTNFABART 41130
doelnAannansliaudansents s lunensssu
AN DY 10.0, 100.0 LAz 1000.0 NAANTUADART
Pia s uaaun lANFANNTUNNADT R IHaNa170d0
AN azdiulean wnsWaunssAuANNdNT Y
10.0 kA 1000.0 AaanFupaans aadsuliuansan
19A WANTEAUAINNITNDT W 10.0 NaANTuFARARS
anunsayn Wd e iU usiuliangn Haneenudn
wvisnaunszAl 2 Tis 8 NaAniusiedns nIzFunNIsen
Tunaae'lsl Galeola septentrionalis (Nakamura et al.,
1975) WALONENAUNILA VAN TN 1000.0
Faansureans daasunisasalilsinaasulunaae sl
C. discolor (Miyoshi and Mii, 1995)
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AIANANITANEILAAI T U1 N131N
< v va : s 1
wannaneldauaudensldudluansaouny
a3ty ule ldun NAA fiszay 0.1 Jadnsuy
FaanT BAP N19261 1.0 NaANSNADAMNT LANTNAY
ALY 10.0 WA 1000.0 NAANSNADANT T8
1 a [~3 v V| val v
daasunisenvenndnndaeldlas Inenisld
naneunszA 10.0 Iaaniusedns nszfuliiing
neWaun TauilasEAy post - protocorm stage léi A
~ Y
gadnaon
HAUBIAMNTRILAIAANITIaNaINae Ay
ang
a 1 v v

waaNNafan179anIa9naae ksl anua
N13ANET WUIN WARYaInaae ldaudansNmny
Tugn1nila Fn1s9enluninsaninanga emsy
FULEIAATIN (451 nm) wazuadlnawas (774 nm)
doun1annzilanlunaddnag (405 nm) Al e
(546 nm) AWA24 (595 Nm) WATAWAY (671 nm) A
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Wi (Table 2) NNTINTINAAN e e

a

mmwumwumwmfm@ummu Anasawmun

A
N138aNN

). Db

mﬂmmm
Hensu 2 meu WEAT InAzIA Baely
ANNNE A LAIANQ WEIR T80 LASAUNADY WAL
wasdnad W ua i uldsinpasu'lan el
NARINAIIRBAARDINUINLINUARNIAUN
ML U NN9AN®I1289 Baque et al. (2011)
f31897u91 Wwinvaandae'lsl Calanthe Qnuax
An309a N VR S Auas T T uasadng uin1ndes
TN AT LTI N3N A NI NN TRE luan N
TeganAaaIiuNImIauNannase ldaudans
4 vatg A -
Na1N19090n 1A A IUN N ALATLAILINTRA LAY
Dutra et al. (2009) 1918141137 WARUaIna 28 le
Cyﬁopoo’/um punctatum san'ladluan1inia (0/24
hL/D) memmu A9l uas?i 16/8 h L/D Stewart
(2007) mmmum nanelsl H. macroceratitis #9013
A 1 al o o v v
AR A lLNNeeN wReaiuiunansly C. Satsuma
(Fukai et al., 1997) wae D. majalis (Rasmussen et al.,
1990)
wWanveanase llaudansniwaz14lu
A U a 1 a A al
gn N anazn 1 li waedNog waed ten wagd
WAe uazuasdung arnnsnwmunllidngezes

v a 1 =

protocorm IR ANTTWAIAATIN WA LASINALA
289N TudNAYNNAT A TIdnnARRITLINIIANEN
984 Fukai et al. (1997) N8I3 NN3AEN TURNNLEN
PN A9 AT e W UIN138519TUsin A
gaanaaslsl C. Satsuma

Tudssifurasnasniuarannseanii
- . I
F91897u491 W inlasuenaieqadeaiunszuay
n199an daNanlaeiall wiveanidu 3 dssnn
o wn 1) positively photoblastic seed AaLNA AN

v

ABIN1TUaalUNIT9eN U 44R 8IGU WU
i

D

A9 ] 2) negatively photoblastic seed Aa LA
FaInITANEAlunITean WU uz@ewme ua
nanwalun) waz 3)non - photoblastic seed A @
winRansnsenldneaniniduazlaidua
(Bradbeer, 1988) G4l Inlasw & 2 Uszinn Tdud Pr
Aelnlalnsalugua laivinen uaz PirAeTntalasy
Iugﬂﬁ'v‘hmu TUNTNNANAA R NITNITINANAA R
malfugsdunwinliiudnsanlaanme lWinlasy
lungu Prazgafuuasdung fimnugnay

o
o

Ugrunnd 600 N 670 nm waa Prazudasliiiu
Iimlasulugy Pirvinldwdnadnaentd luausi
namnzdeundnadaluuadinains finauena
AW 700 719 730 nm Wl T lasu Pirazildaugyl

Table 2. Effects of light quality on seed germination of H. rhodocheila at two months after culturing

Wavelength (nm) Color Pre - protocorm stage (%)™ Protocorm stage (%)1 Total (%)1

Darkness 6.56 + 0.73 56.5 +6.38 ° 63.1 +6.22°
405 Violet 7.23+3.98 40.3+2.86% 47.5 +5.48°°
451 Indigo 7.80 +0.53 31.2+6.14" 39.0 +5.98%
546 Green 8.20 + 4.44 41.9+229% 50.1 + 2.23%°
595 Yellow 6.11 +2.26 52.6+5.38° 58.7 +6.59 %
671 Red 3.65 +0.92 415+251% 451 £2.71%
774 Far - red 2.96 + 0.39 24.6+5.43° 27.6+5.46°

CV (%) 19.28 20.73 22.27

' Means + SE within the same column follow by different letters showed significantly difference between treatments by Duncan's

multiple range test at P < 0.05
" Not significantly different
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Tafdu Prvdugniusi ldnnenu danaldwdn
189448 m ld9an (Contreras et al., 2009) A1USULNAR
132109 negatively photoblastic seed 11 daman T
walnanAdAzdalaN 1 1FN1999NVRINA AR AR
wama b iugn Winlasuduadaniseanuadiién
lumaanuniBunaesininlasulugy Pirazuen
a9 wRqudlasliiflugd Prideldfuuaslnanns
Fadana LA AN 1L AU TaTUTIN1998NIBUNA R
(Mohr and Schopfer, 1995) T4lun1sAN= IR WL
Asmnzannaos ldandensnnelfuaelnanng
mludssanias amaufuniamizinananie s
LA9A LAY LAzaINN1ANE TUATIT WG AR
nane llAuauTINIH AN NeaNAUE 19 aTa TNy
ANZAIADAINNEIIAAUTDILAY TA NN ALwla H
= = JREY:
ANNENIAAUTBILAD Ture N waslnawnai 1 lu
N1INARDINAINNEN1IAAUIDILAIN 774 nm Tah
ANENaAAUlNITAUTeNAaY N ZdNFanTs9en
raNaanane lTAuaNEINg TIARBFTUNIOLY
WARARA LUTIE911a99 Contreras et al. (2009) A41i1d
wanvrednaneldaudansasdmdumanszinn
negatively photoblastic seed
o o dd‘ a// = U £
& MFLuaedd U ) Uulmeaulundanly
1inau | 1w C Satsumadan i fluanan
al 1 v v al 90/ a
AR LAY wadanladasluan inugsdun Ry
(Fukai et al., 1997) dauinanaeanaqelsd Cattleya
. val dll Yo al al =
walkeriana 480 1A AN A FULAIR LAY RIUADY LAY
a ' v v ~ Yo a A
waIdNqg wigenlddes e ldsunaad lian
(Islam et al., 1999) waznaasaldaudans sanlaa
PN A FUKEIAN9 R eonazdmaed Tauanler
Wiud aiaaaanansld Faenisuaanuans 19T
Tunsean
at1919AAIN HANIINARBIT WUIN
= % v o vl A N o o
waandoeldaudansanliangalunda feiu
Tunisuuzianisaeawug ldanitiae n191in
[~3 d‘ v e alldl 1 £
waanmzuaaldaeldluilnavdananfunu
Tun1sRARaININN9IN13 AL A9E919a N A A I

GE)
v =3 % va Qy

nMINseAuNIsanaamannaae liAuA-
dans awnsarlalasnisinmda lug luansaauau
N1y AUl NAAN9zAy 0.1 Tadnsusaans
138 BAP 7iszA 1 1.0 Radaniuseans via laninau
N3zAu 10.0 Aadnfusadns nawln lwizuuaimsg
weauTegns MS Nlfuasgeaisanusiaoniduuas
31.5 umol m?s™ w1u 16 Faluesiadu doansesuly
wansanlanau uaznamnzuan lunian liuan
= a A v A a0
Hnssanandnfimnzangliuasiipanenaaausng 7
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In Vitro Seed Culture of Dendrobium peguanum Lindl.
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Abstract: Dendrobium peguanum Lindl. is a small orchid that distributes in India, Nepal, Myanmar, and
Thailand. This research aimed to use tissue culture technique with some plant growth regulators for in vitro
propagation. After pollination, seed pods of D. peguanum Lindl. were harvested at 6, 8, 10 and 12 week.
Seeds viability were evaluated by lacto - propionic orcein staining, and then they were culture on Murashige
and Skoog medium (MS) without plant growth regulator. It was found that 6 - week - old seed pods could not
germinate while those at 12 -week - old could germinate well. After that, seedlings were subcultured onto 72 MS
medium containing some plant growth regulators i.e. a-naphthalene acetic acid (NAA), 6 - benzylaminopurine
(BA), kinetin, and coconut water. It was found that plants grown on media with NAA 0.5 and 1.0 ppm at 120

days had better growth in term of height than other treatments, but number of shoot per plant was not differ.

Keywords: Seed germination, Murashige and Skoog medium, a - naphthalene acetic acid, 6 - benzylaminopurine,

kinetin, coconut water
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Trenuddeilddngilszasdiatmatianiamiziaeiiefl asaniuansaaununisasoya utnunaiaun

v

wenaugnase iieesunsanluanwiassme Inavinnisuaninasnass idasunsaniiluna 6,8, 10 uay
12 FUAf waULNA AN aNAQ8E lacto - propionic orcein NBMATIRAALIAMNNTIAUBUNAA WHANIZINA A

dn 1 s . . 4 s N = « o o
UUBMN34A3T MS N llifnansasuaunisiastydule wudn dnidang 6 dlanilidnissanaeandn doudni
a1 12 dlaidefidusinisvenaessuanngengn anduiinisdadunane s esusanasluanung
an3 % MSNRNIsENaITAUANNIRTyALInUN9TTa THun NAA BA Kinetin wazianewing wudn
Wanan1smaziaesluanusiiis NAA 0.5 uag 1.0 ppm Wwnan 120 34 ndaelidaaunaninaugeang

° Y A = o > o & | e aa
ANQYNNATILNNINNGA Turuenanuauaanaasnaas ldidaswsan ldianuunnsneaiuniea s

ﬁﬁﬁﬂﬁty: N199ANUBUHNAR Murashige and Skoog medium a - naphthalene acetic acid 6 -benzylaminopurine

i e

AU nnnasty A ulRueINg (plant growth regulators;
PGRs) lunguaasaenduuazlatnlaiinasillu
néatldidemnaniundonlddeends  ewnsmzduailede SeanspaununnasoyAnn
luananany fidednunrnanssn Dendrobium azaqadaasunisiasnyiiuinaeenansliiluszey
peguanum Lind.. 8 1gnndaaflaurmdn gusne  Tnslaeesullaunssiassoiolnduduiiauysnl

ABud19NaN getlszunns 3 049 3.5 WA LNAT 28N (Tipchote and Kongbangkerd, 2010)
panuInlatnaenaignnaay Jaunnnan Aqaten1sldatsasuANnITasy AL n
Uszunns 189 1.5 wufwnas Sndunen nduaen ‘Lumil,wwu'gmnﬁqﬂﬁm@wg'm kiu Tunamaaes
LAZNALIAEeR R 979 nAuUNT R dusinanady 984 Pradhan and Pant (2009) LT AR B e
laufedaing eenaandauiaususanllauiie  ldwasu (Dendrobium densiforum Lindl) taenasld
lﬁfauq UNUE WUNNINITANE ATl sz AR WA mm@mmﬁmzﬂm MS 981U 6 - benzylaminopurine
witha win waglne (Kumar et al,, 2011) (BA) Wa¥ o - naphthalene acetic acid (NAA) WL91
antuntsnf luilaqiiuaeandqeldd  luwdazszaznisfuinidnisneuausssianis’ld
AR eI annsfinengendasll  ansmauannisaigiulasitetu Tnassazusn
fdduiansudaldfuanuionandmizides nn9ldFu NAA Rasudnd 05 aAnsuredns
aafinnsdnaeuiindaslfeanantududiuan Wuafiafige szazniaiatnslnaefunisldsu
uan M linnsaenewuglusssnans i aanae BA AN NYW 2.0 HaANFNFaAnIFanNiL NAA
(Prasertsongskun and Ma, 2009) N1 9L 1 LR AN ND Y 0.5 3 @ansvmi'aamslﬁmﬁﬁzgm
dede ustnsiidaereneiudldludinnmd  wazszes@l Guinasafraluusnnasléiu BA
mnLmﬂﬁ?iwmmﬁ'z%uﬂfhmmﬂ’mﬁwnfmu porududu 10 fadnfudednsliuaiigo
8990117 Hesanniudandas i anvnsazannis LATNINARDITDY Subthira et al. (2013) 16 219
luwdndasuin Tdiiaanasaniseenaaman muwumim?mLﬁﬂ‘lﬁﬁ%ﬂﬁﬂﬁlﬁﬂqmmﬁmLL@'@

(Subthira et al., 2013) lunamnziaeiiatianaas lad (Dendrobium aphyllum (Roxb.) Fischer) ) 1A3ty L‘flumu
Anarailadafidaaiuninaig i uln usuils mmumm Taenudn n131450 BA Aarududud
luiadudrdgynilanldae nisnaisaounn 20 Aadnfusednssauny NAA Ao adudu 2.0
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HaanfusednsdenalifiinauouaanuInign
uarn19 ATy BA Avnwdudu 1.0 Radniusedns
FNAY NAA AN NT W 2.0 HadnTuAaan a3
HAlHAIINEI9189R1GNNATELIBBIANLADIUAS
nnnga uiatglsfaudsladisnaanunisdnm
X & 4 v o &
niswmnzideaiiaitialundaeliiaesunsan
Fo ao ol = o =
naneaesiiasidngusrasdineAnsnisldimaila
nanziaeNiiaiasaniuaispauaNnisasoyiuls
usrtinlunisaeneiugndos lifiaasunan

4 a
AUnsaluaziang

MIUANNATLASNITINIZLNR A
v o & % vala

naqelfimeauvanlundaeldninan
YUIALAN NIFHAN NI A N se el Ml u
889NN NITHANNATH BINANNRIANINADNLNL
@ d' al' £ a Y v
Wa aeninandaslddinaswadidnldnas
Uuileaunau n17uaN N4 76N 1UT99a77
a1nA LT AU A TAeT9A T MINILANADIAN
132104 8:00 - 10:00 U. (Inwong, 2010) A& 3N AL

[~ a v v v U 9/&”
annnsanaulinaaanaisldeaen waaldldau
Wuareradadipsaudinasmad dainasna
Faanui U IuAzUTnUeSInasweLE e 1uin
o o a a o P PR %
Junuan wazfnfafsry Su hew O Nuanld
a U £ = dld 1
vFnmiunan dradgnlulsaiFauninndnans
WAS 50 % sAUNdUAY 1 AT udnNdeny 2, 4,6,
8,10 waY 12 dUA1NAYaINNITNANINATNE DY
AwanlnadBnisann Wongnan (2010) Tae L e
WARANENAIUUBHUA AR AINA 8RS aN lacto -

. . . aa
propionic orcein AMUIU 1 UM P91y 10 w1 Wasae
wdullnalasd nsnagnieldndesqanssaiuuy
o K £ a a

wrddszney TuNNNIsEaNAAALAZIUNIATD
WAR HURNUIWNAANTaNFAR TneNAaDIa1UIU
3¢n dnaz 591 antuiiNaau Iz lue s
4 m 7 Murashige and Skoog (Murashige and Skoog,
1962) N laliEnansaruAunIsas iUl luanaw
Uaanimenguuni 25 C lafuuas 16 doluasadu
Wugzezinan 30 T3 LauNNaaNdannnia e
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ﬂz\i”@m@mmml,uuL@u@“ﬂizﬂ@mﬁfﬂﬁuﬁﬂmu
W nTisen TA8919UHUNIIN AR UL LGN aNY 0]
(completely randomized design; CRD) Laz3tAT1EY
ﬂ"]LaaIEIIm?_I Tukey's test (honestly significant difference;
HSD)
NAUBIRITAILANNISIAT A UTAUNT i Asa
MSLA5 Y

frandaelia e uimazid el
mmwﬂmmL’%faﬂf;mmwm@i’ﬂgﬂnﬁmﬂa:mm
2-3UARINAT mmwﬁmﬂummmm half
strength Murashige and Skoog medium (%2 MS) ‘7{
wngsatuANnsas A uTud ety 11 nasuns
FarelUil nssaAaT 1,2 uay 3 FN NAA pomdudy
0.5, 1.0 WA 1.5 ppm AMNAIFL NITUART 4, 5 UaY 6
AN BA ANNITND 0.5, 1.0 WAz 1.5 ppm ANNAIAL
N39UARA 7,8 uaY 9 1w kinetin A2 N Nd L 05,
10 UAT 1.5 ppm ATNAAFL NTINATA 10 FANLN
NEnFngeuAudndy 10 % uaznasdsd 111
WaaNTALANNITIATEY AL IR wnzidaaluanw
Usenidefigquun il 25°ClH5uuas 16 falusie
Tu fluszazinan 120 Ju TuiinAINge89a14N
&2 uAZIUIULEATIAA NN 30 71 IAEI9N9MAY
NINAABIUL LGN AN 7] waAzAeAY
el Tukey's test

NANISVIARDILAZIANTIE

MSINZLNAR LazilasiduRnssantauNan
annssaninasndaeliaaeunsannne
Tunenideatiu nuan dausananmaeauan e
fnle winnsudnngsdinfuganuisananuaa i
dnle nnsldatunsanansaesdalundoaldana
1918 nuUlAluN1IMAa892849 Johansen (1990) '1'71|V|,c-ﬁ”
nasnasnane bl luanananadanuan 61 aila uan
N1 1,700 aannaluAantmeai L nudn 72 %
S1uuANT LAl AN HANFDIAF A LAY
N1INAARIUAY Pinheiro et al. (2015) ﬁiﬁmmumm
naaeliTluanauaneauau 103 18a Uszanms 2,500
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pannfelunaniAaaiu nudn 76 18m g unsa
NANFALR9 LA
denauinasudafansindnaesndaelsl
Tnaeandaels T nsaensaunadunus sy ne
TudavT 2 uaz 4 WAATNIWRUINTUA AR
Feligunsaugneenuilumdnines Fannd
1A - BWRIUIN1s1eamAnduladalauLazainisg
Fraurnreaudald luddaid 6 wanilauis
Tngiedef 715 um F1lai# 8 wdadlauialng
ATy 97.0 um §30 W@ 1C - D uazlu
Fasid 10 way 12 waaRauadngu lagaunn
WARIRAEINTL 227.8 uaY 2304 UM ANNAA L
FIN1NA 1E-F UaA19197 1 39d0nAdaary
N1INAafR9189 Udomdee et al. (2014) ﬁmmumm
néaeluanetullingnuan wdaindnfidany 2 i
5hauN1aAmagmannielu wudn waalauin

[

Tnnjausnengdnuasainnisuanings uazunulyl
ANTWIATUNAIAINETE 4 LAaY
o/ o (3 dl v dl =3

wavanuuaanldaindnieny 604
12 §Umrvinnmnzlueinisgns MS 1uian 30
o 1 [~3 dld o [ 3
U NU9n wanandnnieny 12 ddaviudeann
A7NANINET DidafiduiniseanuaaNannuin
Ngaotallad Ay N19aD AN 98.4 % 98989H1

[~3 dld o ol & @ &

wanandnnteny 10 dlanviilesidusinisean
1 96.0 % luwruziwanandnideny 8 dUanif
o FFUAN1799NUBINAALNES 15.2 % LATLNAR

dld o 1 =3
andnfideny 6 4Ua1flinuniseenaeusn
(Table 1) HHAINIAINNTTUIBAITR R BIUVDILHNE A
v o X Lo dd e o A
ABUNATUAUNTENIDIAnTaNINAanTanazean
Wt Anea U ma s a9 a1 lunnsW RN
AnNzaufaqanwsausan (Piyatrakul and Apavatirut,
2004) TIRDAARBITUNINAABIIY Ramesh ef al.

Figure 1. Dendrobium peguanum seeds at different seed pod age (A) 2 - weeks, (B) 4 - weeks, (C) 6 - weeks,

(D) 8 - weeks, (E) 10 - weeks, and (F) 12 - weeks after pollination
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Table 1. Seed size and germination at different D. peguanum seed pod age
Seed after pollination Seed size Germination
(weeks) (m) (%)
6 715+89° 0°
8 97.0+14.4° 152+1.0°
10 207.8+238° 96.0+0.4°
12 2304 +20.3° 984+0.2°
F - test * *

Remarks: Values with different letters in columns are significantly different (P < 0.05) by Tukey's test

(2019) N lA WA NLBBIWIINE Y (Dendrobium
fimbriatum Hook.) Wu41 ananinidans 280 Ju
o ea o 4 oA oA e o« o
Hulefidusinissenuinigaillamauiumanandng
HeangdeandedneiliodAtyniealia uazaanasas
funnmeaaeras Udomdee et al. (2014) A lanaaas
lundoglinaatudiingnuan wudn wdnaindn
d‘d A a & @ & d‘ dll
ey 4 1meu Hulafidudnissenuinigaiile
= o @ A = o ! ' P
Weauduwanandnidenydaandiac1ei
wadAtynieads widdnienguinndn 4 hau
Juefidudnissennanasus ldunns1aiy
NNADR uazgnuaNuesialdatnnsndinnmag
« 0y
wanld Wesanndnuman
NAABIRITAILANNITIAS ARl AsD
N5LA58Y
o v v ¥ v 'd"/

nasangadunadns ldiaasunsanaslu
81MNIGAT V> MS NHNaENa1sAILANNIsEse AL
uansteiy Weanauwll 120 34 wudn dundgnlu
8111901 NAA 0.5 48z 1.0 ppm HAINEITA
° [y ' [ . : ¥ [
angnnasaInndnIsld BA, kinetin uaziiuzniig
fauad1Nlued 1Ay 7 88 uaz 121 Nadlums
ANATAU (Figure 2, Table 2) Tuauzfinisld NAA
Nagrududu 1.5 ppm lldanarialdaainga
wansinea1nnisld plant growth regulators @
LAY UNNENEI aaAARAINTLNIINAADITA
Subthira et al. (2013) NN 1N15NAAa9LT BA LAY
NAA LUl B98N aUas W41 a1gnna2ed
Ugnlua1u1sifin NAA A2 18498INN3 7
BA et el Jad1ATy WATN1IMAA8IDY Basker
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'
al o

and Narmatha Bai (2010) vinn1naaaslu Eria
bambusifolia TAEIWLIAN muviﬂan”lu NAA 2.0 ppm
ummmmmmmnmamnwm uay mumﬂ@ﬂ
11 BA 0.5 ppm WAz kinetin 0.5 ppm J AN G910
angnndaaaniigeifiasan NAA uaispauny
sy iAuinlungueandu mnldlunsunnd
winzan et lunimnszduldideideus
IASIANS U T NIUNATRLTAE LATE
UNUANLNN SR L AN N9 T (Surapha et 4,
2017; Supinrach and Supinrach, 2017) ludauaiuau
ganraandaeldimeunsan el 120 §u
wuan il Avuuansnaiunnan i luynnesnds
?ﬁmamm’fmﬁumiwmmwm Das et al. (2008)
Avian1maandluldesansiag (Dendrobium
lituiflorum) a8 ld NAA LAz BA Wu90 AuauLeAn
AnannnesudsildFuansaauun sy ul
¥4 2 ale i E AsuuAnsneTY uazdanAdeaiL
N1TNAABIUAY Parthibhan et al. (2015) ﬁiﬁm:ﬁu
n13iiaean by Dendrobium aqueum Toeld BA
LAY Kinetin WU41 S1u9ueeafiina nnssnaas
VL@?U@’W?F‘WQUQNH’]?L@?EQLIF]‘LIII?]‘VN 248nldd
AYNNLANANSTUN 98T A 108 BA Kinetin LaZHN
Nenin uaispoupunisasnyuinlungy
lalnlatulnasanisnszdunisutaas uas
nsRIy AL InA U 9reaN T Wi AnNdNd e
latnlafiuiigeazdanasanisdudanisfingenivs
gaanade by (Kuichucheep, 2011; Santarunai,
2015)
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Figure 2. Growth of Dendrobium peguanum in vitro at 120 day after culture (A - C) NAA at 0.5, 1.0 and 1.5
ppm, (D - F) BA at 0.5, 1.0 and 1.5 ppm, (G - 1) kinetin at 0.5, 1.0 and 1.5 ppm, (J) coconut water at

10 % and (K) free hormone; bar = 1 cm
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Table 2. Effect of plant growth regulators on Dendrobium peguanum plant height and number of shoot per

plant at 120 - day after culture

PGRs Concentration Height (mm) Number of shoots per plant
NAA 0.5 ppm 88+08% 22+04
NAA 1.0 ppm 121+14° 27104
NAA 1.5 ppm 78+14° 2.8+0.7
BA 0.5 ppm 6.0+08" 1.8+0.3
BA 1.0 ppm 6.3+03° 32+04
BA 1.5 ppm 6.2+0.3"° 35+05
Kinetin 0.5 ppm 58+0.5° 24+03
Kinetin 1.0 ppm 55+04" 31+0.5
Kinetin 1.5 ppm 6.3£04° 25+0.3
W 10% 76+05° 36+08
FH i 83+07" 29+06
F - test * ns

Remarks: Values with different letters in columns are significantly different (P < 0.05) by Tukey's test; CW = coconut water, FH = free

hormone, ns = not significant
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Abstract: Paphiopedilum myanmaricum is a new species in subgenus Brachypetalum recently discovered
in 2017. Leaf and flower characters are very similar to Paphiopedilum josianae. This research applied RAPD
(random amplified polymorphic DNA) technique to compare P. myanmaricum with 10 other species in the same
subgenus. Thirty RAPD primers were screened, 7 of which were able to amplify clear polymorphic bands
with sizes ranging from 180 to 2000 bp. Similarity coefficients were calculated and dendrogram was
constructed by UPGMA using NTSYS (version 2.2). The results showed that 11 Paphiopedilum species
in subgenus Brachypetalum could be divided into 2 clusters of 4 subgroups with similarity coefficients
ranging from 0.400 to 0.850. Genetic variation was in accordance with flower characteristics of each species.
Some common flower characters, however, could be identified within each subgroup. Dendrogram analysis
revealed close relationship between Paphiopedilum concolor and P. concolor var. hennisianum with the highest
similarity coefficients of 0.850 and between P. myanmaricum and P. josianae with similarity coefficients of 0.663.
The RAPD results enable genetic assessment of P. myanmaricum among other species in subgenus
Brachypetalum. Chromosome study of P. myanmaricum by Feulgen squash method indicated a chromosome

number 2n = 26. This information can be applied for plant identification and breeding program.

Keywords: Subgenus Brachypetalum, genetic analysis, RAPD technique, chromosome number
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Figure 1. Flower and leaf characters of 11 Paphiopedilum species (subgenus Brachypetalum) in this study.

A) P. bellatulum, B) P. concolor, C) P. concolor var. hennisianum, D) P. concolor var. striatum,

E) P. leucochilum, F) P. josianae, G) P. myanmaricum, H) P. godeforyae, 1) P. x ang - thong,

J) P. niveum and K) P. thaianum

A1982A8 NAA Lﬂ'fv'fam'\imﬂzi”ﬂmﬁ@wﬁm%\i
MiRat1ie dadatasnludaanuenatseunns 1
WuA WA ludqaidiiaan 9:00 - 10:00 W. Anen
auaulasTulsnanniradlatasninaldinatia
Feulgen squash a1 HEER R Sanpote (2009)
WA Gomiak et al. (2014) Taaiuauwaulasiulaw
AMNARTLHLNNUNARINIUIU 20 LIRS DUNTN
Tmﬂuisﬁumﬂif}’fﬂﬁmﬁmmmﬂ‘ﬁ'ﬁwﬁwm&
1000 X
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st Banaauasaelnsinasansiaia
annnsfinF RS wendaelssaai
un3anaten Brachypetalum s 11 @18Wug 14
Insinesanuan 30 mswes nudndlnswes 15
Tnswes RanunsnifnBunusuunua swield
Aafly 50 % diadnden e % uoua B uie
AUIUNINWATTALRY (Figure 2) 7 7 Iwsiwes 14
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WOU9IN 80 AL AUNALUFENI 180 T4 2,000 A 1% 1a w1z polymorphic band 11494 6 Insiua s
1@ L1 monomorphic band 1 Waw (1.25 %) LAy s 1L OPA10, OPF06, OPNO4, OPNO5, OPN10 LA ¥
polymorphic band 79 un U (98.75 %) lw s1u 8 §9 OPN16 (Table 1)

Figure 2. Genomic DNA fingerprint of 11 Paphiopedilum species generated by RAPD - PCR using OPN04
primer.1) P. bellatulum, 2) P. josianae, 3) P. myanmaricum, 4) P. concolor, 5) P. concolor var.
striatum, 6) P. concolor var. hennisianum, 7) P. leucochilum, 8) P. godeforyae, 9) P. x ang - thong,
10) P. niveum and 11) P. thaianum

Table 1. Nucleotide sequence of each primer, number of total bands, number of polymorphic bands and
number of monomorphic bands of 11 Paphiopedilum species

Primer Nucleotide Sequence Total Polymorphic Monomorphic Polymorphism
5->3 bands bands bands (%)
OPAQ2 TGCCGAGCTG 7 6 1 85.71
OPA10 GTGATCGCAG 13 13 0 100
OPFO06 GGGAATTCGG 14 14 0 100
OPNO4 GACCGACCCA 9 9 0 100
OPNO5 ACTGAACGCC 13 13 0 100
OPN10 ACAACTGGGG 8 8 0 100
OPN16 AAGCGACCTG 16 16 0 100
Total 80 79 1 -
Average 11.43 11.28 0.15 97.96
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wiseanldidudn 2 nqueeniafiansnn sl
AL e uR 0634 Immm%ﬂiumjmﬁ' 2.1
lsznaumae P. myanmaricum P. leucochilum P.
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hennisianum (Figure 3)
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faudaeiuuinngeuuuiazlindniuseq
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(Koopowitz et al., 2018) Lﬁ@ﬁmimmm%m@;u 2.1
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dnnsnszaraiuglueaiuil indd aafunag
nalFvesing (Cribb, 1998) AusuannEnngu 2.2
P. concolor wa ¢ P. concolor var. hennisianum &
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N1FAUUNAILRUGTIUNGN 2.1 LAT 2.2 ABAAADY
§U9UA 81849 Thanananta et al. (2017) A AN©A
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P bellatulum

11 P. niveum

1 P, 3

P.josi

P. concolor var .
striatum

P.my icun

P. leucochilum

21

P. godeforyae

P.xang-thong

292 I P. concolor

IP. concolor var .
P

056 063 o7 078 0385

Coefficient

Figure 3. Dendrogram of 11 Paphiopedilum species in subgenus Brachypetalum by UPGMA

Table 2. Similarity coefficient of 11 Paphiopedilum species in subgenus Brachypetalum

Species 1) 2) 3) 4) 5) 6) 7) 8) 9) 10) 11)
1) 1.000
2) 0.675 1.000
3) 0.613 0.663 1.000
4) 0.525 0.550 0.688 1.000
5) 0.588 0663 0.675 0.638 1.000
6) 0.525 0525 0.713 0.850 0.613 1.000
7) 0.588 0.588 0.675 0.588 0475 0.688 1.000
8) 0.625 0675 0.788 0.600 0513 0625 0.813 1.000
9) 0.538 0688 0.675 0.588 0525 0.613 0650 0.763 1.000
10) 0.700 0.525 0438 0400 0613 0425 0463 0450 0.513 1.000
11) 0.700 0600 0.613 0.550 0563 0.575 0638 0650 0.638 0.6253 1.000

1)= P. bellatulum, 2) = P. josianae, 3) = P. myanmaricum, 4) = P. concolor, 5) = P. concolor var. striatum, 6) = P. concolor var.

hennisianum, 7) = P. leucochilum, 8) = P. godeforyae, 9) = P. x ang-thong, 10) = P. niveum, 11) = P. thaianum
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efiansaunszudn P. josianae way P,
myanmaricum WU41 SanenzaenilndlAsary
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[

P —

Figure 4. Chromosome number of Paphiopedilum myanmaricum 2n = 26 at 1000 X magnification, scale bar

50 pym

166



nsIATzRUgNsTNTRInaat lisauin U uAsRILs

GE

nnsdnauunndotlisaainunsanaties
Brachypetalum 11 @8R UE A2 nARADITION A
Toeld wawas 30 wawas wudn Hlwsmas 7 lnswas
fanusniiuBnamidueldsuaunnuas W
fidaau 80 wnu Haunatlszanns 180 f4. 2,000 AlUA
N33R ATHAN NN BULAZNIA AN
UPGMA WL A181904ANANIEVINWIT 11 @neiug
aanitlu 2 nax InadArdeiiauwmEan 0.400 - 0.850
AMNUHUYHANNENAUS U1 N133ANgNABAAFDY
ﬁuﬁmg’m“ﬂm man ael P. concolor Way P. concolor
var. hennisianum HAMNENAUSN1ITUgNIInIng
Fatunniige dardatiaanamilen 0850 dau P
Josianae WAL P. myanmaricum FAndaianumien
0663 wazgnuaniiatfranguin waznisdnmd
auaulaslulanszaziuniaaindaiesinaes P
myanmaricum W97 iml,ﬁmﬁmmﬁuﬁﬁﬁﬁﬂmu
TasTulan 2n = 26

naAnssNUsznA

muﬁﬁaﬁiﬁ?ummﬂumumnquﬂ’m’m
WuadAsumalulagTanninens d19nwmwn
TR RAnELaAS A WInanAanfiazmaTulag
A11IN9ITUADIZNITNNIINITYANANE NTTNTY
N13gANANTI INBIANERT IRE LA WIANIIN

LANA1SAN9D

Chung. S.Y., S.H. Choi, MJ. Kim, KE. Yoon, G.P.
Lee, J.S. Lee and K.H. Ryu. 2006. Genetic
relationship and differentiation of

Paphiopedilum and Phragmipedium based

on RAPD analysis. Scientia Horticulturae

109(2): 153-159.

167

Cribb, P.J. 1998. The Genus Paphiopedilum. 2" ed.
Natural History Publications (Borneo) Sdn.
BHd., Kota Kinabalu, Sabah. 427 p.

Doyle. J.J. and J.L. Doyle. 1990. Isolation of plant
DNA from fresh tissue. Focus 12(1): 13-15.

Duangkhet. M., N. Potapohn and W. Bundithya.

2014. Genetic relationship analysis of

dwarf Doritis pulcherrima Lindl. by RAPD

and ISSR techniques. Journal of Agriculture

30(2): 99-109. (in Thai)

M., D.L Szlachetko, A.K. Kowalkowska,

J. Bohdanowicz and C.X. Canh. 2014.

Taxonomic placement of Paphiopedilum

Gorniak,

canhii  (Cypripedioideae;  Orchidaceae)

based on cytological, molecular and

micromorphological evidence. Molecular
Phylogenetics and Evolution 70: 429-
441,

lamwiriyakul, P. 2006. Paphiopedilum thaianum, a
new species of from

Thailand. The Orchid Review 114(1271):

278-281.

Koopowitz, H. 2008. Tropical

Paphiopedilum

Slipper Orchids:

Paphiopedilum and Phragmipedium
Species and Hybrids. Timber Press Ins.,
Portland, Oregon. 411 p.

H., P

Laohapatcharin.

S.
Paphiopedilum

Koopowitz. lamwiriyakul ~ and
2017.
myanmaricum, a new species of slipper
orchid (Cypripedioideae,
Phytotaxa 324(1): 97-100.
H., P

Laohapatcharin.

Orchidaceae).

S.
Paphiopedilum

Koopowitz. lamwiriyakul ~ and
2018.
myanmaricum, a new species of slipper
orchid (Cypripedioideae,

Orchid Digest 82(1): 10-15.

Orchidaceae).



M5ATNEAT 37(2): 159 - 168 (2564)

Renz, J. 2011. Renziana Vol.1: Paphiopedilum. Swiss Taywiya. P., W. Bundithya and N. Potapohn. 2008.

Orchid Foundation. Friedrich Reinhardt Analysis of genetic relationship of genus

Verlag, Basel. 100 p. Phalaenopsis by RAPD technique. Acta
Sanpote, P. 2009. Chromosome numbers and Horticulturae 788: 39-46.

karyotypes of some Orchidaceae genus Thanananta. T., T. Meesangiem and N. Thanananta.

Paphiopedilum in  Thailand. Naresuan 2017. Genetic relationship assessment and

University Science Journal 6(1): 89-100. identification of Paphiopedilum subgenus

(in Thai) Brachypetalum  section  Brachypetalum

Using SCoT markers. Thai Journal of
Science and Technology 6(2): 161-170.
(in Thai)

168



HaRAA busaLTras ANt 8 A1ENugNIeNIsAn
Annual Yield of Eight Commercial Varieties of Oil Palm

femw uiatszay’ suues felladel” AdRsTN afshng’
BIWa FIANA ULAT 215 NDIANA'
Theerapap Kaewpradub', Tanon Rungninrut”, Supakracha Apiratikorn?,

Teerapol Kangkamanee' and Jaree Thongsakul'

"ARUENINENTEITNTIR NUINENARANIRIATUNS IneaeiiaTug) 8. wialug) A avaan 90112
1Faculty of Natural Resources, Prince of Songkla University, Songkhla 90112, Thailand
“anszwalulainiainmes wInendumai)aIran 9. 1evaI1an 4. 49287 90000
2Faculty of Agricultural Technology, Songkhla Rajabhat University, Songkhla 90000, Thailand

*Corresponding author: Email: Rungninrut.t@gmail.com

(Received: 11 January 2021, Accepted: 16 April 2021)

Abstract: Yield study of 6 years old of 8 commercial oil palm varieties was conducted at Tha - Chiat Research
Station, Faculty of Natural Resources, Prince of Songkla University, Bang Kaeo district, Phatthalung
province (7°36'63.9 "N latitude and 100°13'12.2" E longitude). The experiment was conducted in 2018,
the planted area is a marshy, flooded area, adjusting the area by digging a single row of drainage flow.
A randomized complete block design was used with 8 treatments (varieties) including PR, UT, S2, S7, GT,
CP, PS, and CR with three replications (three plants per replication). The bunches number and bunches
weight were recorded every months (12 times). The growth characteristics were recorded every 4 months
for one year. The result found that PR, GT and PS varieties tend to have the highest yield. Moreover, January,
February, and March had higher price than other months. For income, the results showed that GT oil palm
variety gave the highest income at 11,697.5 baht, followed by PR and PS varieties (11,629.7 and 11,553.8
baht, respectively). For comparison of growth characters, the result showed no significant difference
among varieties in terns of leaflet length, leaflet width, petiole depth, trunk diameter and leaf area. Moreover, oil
yield of PS was not significant different with other varieties, but was significantly higher than PR. So, farmers
should be encouraged to grow three varieties above in the same plot for good produce, yield quality, and to

raise farm income and oil palm farmer security in Southern Thailand.

Keywords: Oil palm (Elaeis guineensis Jacq.), growth, oil yield, yield components
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Table 1. Fresh fruit bunch weight of eight varieties of oil palm for twelve months in 2018
Weight of fresh fruit bunch (kg / month)

Varieties

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Total
Ut 155 24 12 452 287 295 323 386 140 269 108 240 2,691
PR 94 168 113 486 371 309 221 563 196 382 132 163 3,198
S7 120 89 101 464 236 177 269 243 199 327 178 225 2,628
S2 118 203 78 226 272 335 304 520 209 292 178 284 3,019
GT 161 191 163 479 313 173 377 464 172 287 152 242 3,174
CP 206 137 60 285 191 120 247 406 118 240 137 359 2,506
PS 182 117 146 517 390 244 236 320 158 347 218 278 3,153
CR 103 131 89 189 308 320 357 387 120 219 156 201 2,580
Mean 142 132 95 387 296 246 291 411 164 295 157 249 2,868

JAN = January, FEB =

February, MAR = March, APR = April,

MAY = May, JUN = June, JUL = July, AUG = August,

SEP =September, OCT = October, NOV = November, DEC = December

Sefiarsunmelfainnissmiauanan
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meldannniss e nananthduinaTniugeiug
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nsifFauinaudnwuzesilsznaunzany
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n9afAnUaNeWug UT, S2, GT,CP, PS bay CR
uAgandnanewug PRAilAnade 64.9 atnedl
HUR1ATYNINATA Fnenznlefifuimindusie
Nzant Wudn a1eug 7 SAnaAnggaia 346
Galifl Annuuansinmaad A fuanaugauanfu
aneWus PR AeAnRqnie 226 ludnums
nauAR T Wudn GRUNEI Psﬁmm?}'m@;mm
Aa 204.8 ilansusasusial TdANwANAIINIS
aaﬁﬁumﬂﬁuﬁ:ﬁ'umﬁumﬂﬁuﬁ: PR GailAniadH
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o

2

Table 3. Growth characteristics of 8 oil palm varieties (n = 3)

Varieties RL(cm) LL(cm) LW(cm) LN(leaff PW(mm) PD(mm) H(cm) TD(cm) LA (M)
uT 552.0°" 73.7 5.8 318.9° 71.2% 41.0 350.1 % 69.7 6.2
PR 526.6 745 5.6 313.3% 62.0° 34.8 341.3% 71.2 6.0
S7 426.9° 81.0 5.3 281.3° 71.4% 39.1 290.6"° 68.6 5.6
S2 513.0% 76.7 5.6 321.7° 80.1° 412 357.6% 66.0 6.2
GT 5359 % 83.0 5.7 303.1%° 67.7% 38.6 346.3 % 67.3 6.6
CP 491.4° 79.9 5.2 293.3% 729% 38.0 317.3% 66.0 55
PS 511.0% 76.5 5.6 293.0 * 725% 38.6 351.3% 66.9 5.8
CR 535.7 % 774 5.1 307.8% 73.9% 37.4 391.7° 68.7 5.6
F - test > ns ns > > ns * ns ns
cv 6.23 6.67 10.56 6.32 12.49 11.25 12.77 5.45 15.92

" Values followed by different letters are significantly different according to DMRT at p < 0.05 (*) and p < 0.01 (**). RL = Rachis
length, LL = Leaflet length, LW = Leaflet width, LN = leaflet Number, PW = Petiole width, PD = Petiole depth, H = Height, TD =

Trunk diameter, LA = Leaf area
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Table 4. Bunch components and oil yield of 8 oil palm varieties

Bunch components

Varieties Y (kg / plant / year)
%F/B % WM/ F % O /DM %0 /B

ut 706" 88.1% 729° 320% 202.7°
PR 64.9 " 89.3° 529° 226° 105.5°
s7 76.4° 79.8% 67.1° 346° 199.1°
S2 75.9° 81.0%°° 713° 32.8% 194.8°
GT 707 77.3° 69.7° 26.1% 149.8%
CP 703% 766° 7337 276 158.1%
PS 70.4°%° 83.0%°° 67.6° 28.4 % 204.8°
CR 715% 81.9%° 71.7° 28.7 % 164.4 %
Ftest . R o R .
CV. 7.25 5.93 472 20.67 17.75

Values followed by different letters are significantly different according to DMRT at p £ 0.05 (*) and p £ 0.01 (**). % F / B = % fruit /

bunch, % WM /F =% wet mesocarp / fruit, % O / DM = % oil / dry mesocarp, % O /B = oil / bunch, OY= oil yield
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Abstract: This research aimed to study property following the organic fertilizer standard of Department of
Agriculture (std. DOA) of six leonardite - based organic fertilizers (SuperlLeo) obtained by mixing 40 - 45 % by
weight of leonardite and 55 - 60 % other additives i.e. rice husk biochar (25 - 35 %) or peanut shell biochar
(25 - 35 %) + rice bran (25 %) or soybean meal (20 %) + dolomite (0 - 10 %). The release kinetics of extractable
(Water - ext.) N, P and K by deionized (D), acid or alkaline water were determined at various desorption time
periods (DT) to be used as a preliminary information to assess the environmental impact. Results showed
that all fertilizer formulas had organic matter contents ranged from 28 to 46 %, higher than the std. DOA
value (20 %). The properties of all fertilizers met the std. DOA, except pH and germination index values in
some formulas. The release patterns of Water - ext. N, P and K were different from each other. The release of
Water - ext. N was slow, and the relative release (RR) was < 0.5 % at every DT. The release of Water -ext. P was
initially slow and increased with increasing DT. The RR varied from 0.2 to 70 %. The Water - ext. K released
rapidly and trended to decrease with increasing DT. The RR ranged from 43 to 80 %. The amount of Water-ext.
N, P and K were highest when extracted by DI water while alkaline water could extract the lowest amount of
Water-ext. P. Based on the fertilizer's properties and the Water-ext. N , P and K release patterns, the SuperLeo

fertilizers could be considered as an environmentally friendly fertilizer.

Keywords: Leonardite, organic fertilizer, alkaline soil, biochar, plant nutrient release
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(Dolo) ey auaztfuann Landrot (Khaokaew) et al.
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6 4m3 AANARdIUNTTHANLAASIY Table 1 Tneikaw

Table 1. Formulation of leonardite - based organic fertilizers

Fertilizer formula Leo RHB PNSB SBM RB Dolo
1 SuperLeo 1 45 % 35% 0 20 % 0 0
2 SuperlLeo 2 45 % 25 % 0 20 % 0 10 %
3  SuperlLeo 3 40 % 25 % 0 0 25 % 10 %
4 SuperLeo 4 45 % 0 35 % 20 % 0 0
5 SuperLeo 5 40 % 0 25% 0 25% 10 %
6 SuperLeo 6 40 % 0 35% 0 25% 0
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Figure 1. Water extractable release kinetics of N, P and K in leonardite - based fertilizers using a batch technique
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1e LﬂmmnLﬂu@mﬁﬁufiﬁﬁﬂﬁmmdﬂﬂﬂﬁuﬁ KA
fanfsaanIasiN TN Ntaiels (Barbi et al., 2020)
2) ﬂziu‘ﬁ'”l.zi HIUNINZNATINYBIBIR DU N, P 1130
K #1091 2 % l&un alaundlast 3) n@iuﬁiﬁimumm
f1/n C/N ratio 3 131104 OM #1n41 std. DOA
4un Frazidan aleaunslas waendaddun uas
ulefunay mudnsy dwiudanfauini s
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mwuaﬂummw 1Az 6 uazA1 Gl Tugmsi 2uAz

4 (Table 2) fan1sfiein Gl Tuzgmm 2 uag 4 5ngn
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lulesnfldendadanan (Table 1) nfmmm@m
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wan Ae 1) danAaENA9lo7s N, P uay Kiu
aarlsznauting Tnaennzlulasiau Wevinliile
panunaailanialdnasanaessnn N, Puag K
1 2% wazAn C/N ratio m@qﬂﬂﬁmm@ﬂmiﬂ
it 2011 ATHAIAINUA std. DOA 2) TanFA9LAN
pasilein Gl qe ilesandn Gl aesdlaunslassiaun
3) JanFAaENATH aNtTR LT uANg ilaganalauns-
lasiflunsadnunn aealeunslasanadiilss Tomily
sl Usuan il loTesRusned AunusAndun
uid M iuAuia R i fierld qeunnezazannena
Vil eahuanatled 4) danfaFnsaciions i
1l5249A U Cd, Hg, Pb, Cr iaz As lifikAAuun
std. DOA uAz 5) ”Lumﬂm‘l?amﬂﬂmmu 50 % Imﬂ
muuﬂmmqmmmwwm Imammmmmum 6
zgmﬂumiﬁﬂmuhmaLﬂuLmeﬂumimuiu
funemsneviteisviagquauls Seanfainaua
maaﬂ‘ﬂ'ﬁlNzﬁmﬂﬂm\im@LLmrwvaﬂmnﬁiﬁﬁNmu

antRvesiandainnld Inaenizninadiased
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114 Table 2

AINNANIFANTHT AUAn 9l Table 2 411
nsAnaenilaaingns Ae SuperLeo 1,5 WAz 6
ldyinsAnenisantsensigaiuisiiafiszes
NNTAN AF9] Lﬁmmmﬂuqmﬁ'ﬁmuﬁﬁum
L’E"ﬂu”l,mﬂﬂﬁuﬁﬂ’mmgmmmniu'fimmimwm
%'qzﬁﬁm”mgm SuperLeo 1 ua 6 1y udflaazien

SuperLeo 1

SuperLeo 5

fiepndn 5.5 udaunTRaw nnuszniszei]uri
mummmﬂmumﬂmmgm mﬂﬂmmmmu
mumnﬂmwmmumiﬂhﬂumumummm fa
nang lddnasiu
nsdandaassinlulnsiay naanasa uas
wunaide dquﬁﬂﬁ’ﬂ1ﬁﬁQﬂ£ﬂﬁﬁﬁLﬂ°ﬁﬁiﬁﬂﬂ
anileduvse
nantsAnwliuninisilanidasssnsg
N,Puay Kinanisaiadaeiin DI, acid water
uaz alkaline water 715582198n1941T A 30, 60 LA
120 w17 2991 aBun3d 34m9 Aa SuperLeo 1,5
LAz 6 (Figure 2) wanalu Figure 3 LazFa8azNNg
ﬂ@mﬂ@i@ﬂﬁmﬁwﬁzﬁ'quﬁ'mmﬂﬁﬂﬁ (ﬂ??mmﬁ
afpld B e R S i e duionse
m@qmﬁ;ffu 1 Wilausargns) wanaly Table 3 Ing
AINNANIIAN®1 wudn grluuunisdandases
Water-ext. N, P 4ag K wansneiu Inanisdanians
Water-ext. N flan lndidaiufinnezazinainisarin
wazi A ndid sl 3 et teuTunmd
arinldRndn 50 fadnsusanlansy (Figure 3) 34
deAslunefifuinisdantdasduinguds
flanngrnaiidAn Water-ext. N <0.5 % pandaA1ann
flayaln (zhang et al., 2011) Lﬁ@ﬁmimwmm};m
mmmﬂﬂﬁ”’m’mqm (Table 1) an1iA2898 lawIs-
lasffuazdansalfin (Table 2) WinladdUsun N
uile SuperLeo 1 TaaudnurainnIndamaes
(wazlulaanfunaw)

SuperLeo 6

Flgure 2. Physical appearances of SuperLeo 1, 5 and 6
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Table 3. Water extractable N, P and K relative release percentage of leonardite - organic based fertilizers

Extraction SuperlLeo 1 SuperLeo 5 SuperLeo 6
time (min) Total Relative release Total Relative release Total Relative release
(mgkg") (%) (mgkg") (%) (mgkg’) (%)
DI Acid  Alkaline DI Acid  Alkaline DI Acid  Alkaline
N 30 0.12 0.07 0.05 0.38 0.22 0.36 0.33 0.29 0.30
60 2.1 0.08 0.06 0.05 11 0.44 0.35 0.39 1.5 033 028 0.31
120 0.08 0.07 0.06 0.41 0.39 0.45 033 031 0.32
P 30 3.85 417 2.93 1.38 1.73 1.39 1.03 119 0.82
60 0.29 1.97 1.82 0.45 0.7 0.49 0.75 0.21 1.0 030 0.29 0.22
120 70.3 58.2 24.3 24.3 241 9.88 179 156 6.12
K 30 60.7 57.7 60.6 72.6 75.9 79.7 616 585 614
60 0.71 44.0 43.4 47.5 054 579 57.0 62.5 0.7 446 440 48.2
120 54.9 51.7 53.3 704 68.0 70.1 557 524 541

A1 SuperLeo 5 uaz 6 Yunannazisan
LL@JLUI@‘]]’]?L‘]J@@HD‘JMN) (Table 2) delulnsianly
mﬂmma@NLmeavmﬂmuuﬂﬂlmﬂ crude protein
(Amissah et al., 2003; Ibanez et al., 2020; Patil et al.,
2016) gnxnsauludslemifunTuaaniunszuaLnng
ﬂ'@ﬂzﬁmmﬁﬂqauw?‘ﬁﬁdlﬂuimmuﬁLﬂuﬂiz‘fmu“fmﬂ
muﬂi:mumiﬁﬁmLﬂuﬂmmw%’ﬁ (Terlingen et al.,
2014) nnsdanilass luingianan crude protein ki
Tusrdnq anunsadantasslaunundi 30 Ju uazin
UNTHe 11 419 419719 ward1aine asnsnganiv
Burzel N lugiluesnsnaziluunsmdinanansisznay
sl Taemns (Okamoto and Okada, 2004) LaA4
Wdus ﬂu‘llmimuﬁﬁiuﬂﬂ%uw"&ﬂrﬁifamﬂm siilugil
fazaneninldtesuasdn mnﬁmwmvuﬂﬂmﬂuﬂﬁ
azanedn SN‘]J‘EWI&,@WE]VL@@EJ’N‘H’W I Vg0
ﬂimwﬁmwmmﬂﬂmemmm:wunummm'ﬂu na
LﬂumuuﬁmﬁqﬁﬁﬁﬁﬁymmﬂﬂﬁLﬂuﬁmﬁuﬁmfmﬁau
(Chen et al., 2018; Gau et al., 2020)
stuuunisdantlaes Water-ext. P ludle
yngasuaznneinvesind daiamileuiude
nsdantaasdnlugae 60 WAL (< 100 Naansu
Aanlaniu uar <2 % 189U3u104 total P,0,) WAz
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o

A9AATNITLZIAINIATA 120 WIT (< 2,100 HAANIH

o

siafilanin) luilavngnslsunn Water-ext. P iain
I§antinge 3 TALANGNITY BENANF LA DI>
acid water > alkaline water (Figure 3) ‘1Ja ¢l SuperlLeo
1561 Water-ext. P &NANE U199 0.4-70 % §4n31
1]t SuperLeo 5 uaz 6 fafldanisdandenduing
ot/ Tu199 0.2-24 %(Table 3) dlenFauaunisves
NAaINTTAT AW (60 W1H) UFunns Water-ext. P
sanuafianaldannile Superleo 1,5 ko 6 51 AN
<100 Haanfusenlaniy ﬁ?ﬁﬂdwﬂﬂﬁuﬁﬁwmﬂ
71m 111 Sharpley and Moyer (2000) 31819114413/ &
Fndaunsanuiliuuneanesasiany alddaus
2,600-40,000 Hadnsusenlansy wansneiwllnu
alndnTuazensidndldsuuazAn Water-ext. P
190187 60 WT TN 1,630-8,520 RaAnsy
afitaniu Kieinman et al. (2005) d199a1]uyadnd
140 Wte WU U3uN0u Water-ext. P 328121901
nsaria 60 unaesi|adAnaglutas 200-16,780
ﬁ@ﬁﬂi”wi@m@ﬂﬁfu (4-94 % 233U unaanasa
mwm) u@nmﬂummwmmmm Liang et al. (2014)
ANLT1 Water-ext. P R3281£10010174170 60 UNT
luflayalaminiy 762 Haaniuseniania Fraru
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Nitrogen
5 Superleo 1 & Superleo 5 5 : Superleo 6
50 30 |
-_— 40
;a‘o 30 30
)
E 20 20
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30 60 120 60 30 60 120 30 60

DI-water Acid-water Alkaline-water Acid-water | Alkaline-water Dl-water Acid-water Alkaline-water

Phosphorus
Superleo 1 SuperlLeo 5 Superleo 6
2500 2500 2500
2000 :% 2000
o m .
T, 1500 [
_u‘n e % 1500 g
ab = -
_E, 1000 | E ;—%
i = 3]
500 o i i |
i 58] & B
& & H H &
o B = B OB - = B = B = = I = o
30 60 120 30 60 ‘ 30 60 30 60 12“’ 30 60 30 60 ‘ 30 60 uo‘ 30 60 nol
DI-wat Acid DI-water Acid-water | Alkaline-water Dl-water Acid-water | Alkaline-water
Potassium
- SuperLeo 1 % SuperlLeo 5 = SuperlLeo 6

(percent)

30 60 120 30 60 120 30 60 120| 30 60 120 30 60 120 | 30 60
DI-water Acid-water Alkaline-water Dl-water Acid-water Alkaline-water Dl-water Acid-water Alkaline-water
Potassium
- Superleo 1 i Superleo 5 - SuperLeo 6

(percent)

30 60 30 60 120 30 60 120 30 60 30 60 120 | 30 60

Dl-water Acid-water Alkaline-water Dl-water Acid-water Alkaline-water Dl-water Acid-water Alkaline-water

Figure 3. Water extractable release kinetics of nitrogen, phosphorus and potassium in SuperLeo 1, 5 and 6
(Data corresponds to means + SD values, N = 3)
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WenlFaunauan Water-ext. P 1991]ayadndiue
Tuiledursdalounslasiisaugnslania Painila
azarargiuuieenuauialymiudwndenie
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= o A a dgl =3 v a o
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Rice Yield Estimation with Vegetation Index

Using Multispectral Imagery from Unmanned Aerial Vehicle
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Abstract: Multispectral high - resolution imagery from unmanned aerial vehicle (UAV) of rice (Chai Nat 1
varieties) in the research plots at Mae Hia Agricultural Research, Demonstration and Training Center, Faculty
of Agriculture, Chiang Mai University was analyzed spatially to crop spectral parameters with a program
of geographic information system (GIS) in terms of three vegetation index (VI) including two physical
collaborating parameters. These parameters were developed collaborating with the rice yield data from crop
cutting as the models in terms of simple and multiple linear regression equations to estimate rice yield
in experimental plots. As a result, found that, the most reliable model was developed with all crop spectral
parameters from unmanned aerial vehicle (UAV) in terms of multiple linear regression equation that
is'Y = -430.86 - 5108.88X, - 447.9X, + 2751.09X, + 282.36X, - 254.2X_ with the most determination coefficient
of 0.879. In conclusion, the model can provided closely rice yield estimation with observed yields. It can be

usefully implemented to predict rice yield at the plot level.

Keywords: Unmanned aerial vehicle, multispectral imagery, vegetation index, rice yield estimation
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UNAnta: %’@H@mmmwmmqmﬁlu anenALEIEALTU (UAV) ae9d19iugdawmn 1 sLuLLﬂ@Q?J"ivﬂﬁ@.uﬂr
AduanBruarinausuNaNERsNt: AnNERsAnans sanendedesud lignimndssirinnsimes
mageRautaenautesiialudand poallsunsnssuuansaumnAN NN IANEns (GIS) TuAneu A ATHN TN T
(V1) 3 gUuuin uazAnFaulssanniIanianIn 2 A1 uazgniinanwawiiswuuanasslugluuuannisaaneadadu
'aﬂ"mdfmmewu@mﬁﬂﬂ?xmmmmmam%’ﬁﬂuuﬂmwmméquﬁummmam%qﬁiﬁmﬂmag“w,ﬂmLﬁmﬁ'm
HANNIANS WM LLuuﬁmm‘ﬁ'mﬁfﬂﬁﬂuﬁnﬁqmgﬂvﬂ”mmﬁwﬂ"]‘wwﬁﬁmemmzﬁ@umqﬂ?{ummﬁ%ﬁ"\mm
mnmmﬂmuﬁ’mwﬁﬂmﬂLL‘uu@ummmn@ﬂL%wﬁuwmm ﬁfa Y =-430.86 - 5108.88X, - 447.9X, + 2751.09X, +
282.36X, - 254.2X, fanpndulssananieimanla (R mn‘wmmmu 0.879 m@m&mmmumﬂimmnmmm
mma‘ml‘mmwﬂivmmmimmmmqmlmLmﬂ\‘mumm@mamiq awnsn M idudsslamisianimensaluanan
daluszauutlasldiiuedneg

AdAty: eneenuliaudy deyamnuuuvanedeindn Adaianesns nsdszanunistanandin

AN LaTuNaARIRg sandaianisdanuaninag

mainemsiandu fd Ay Aearunsnldainnisnl

drafluiananildizTnanelulsinauay nanani uulaunzilgnls (Gevaert et al., 2014)
dsenmarnsislizng lullnnsmnzilen 2561/62  degadayaninnisaiuandngaiiafiuiazidy
Usemdlnefnananannnsfiufesdnountitun Widdudedndy Inesiald Gandn “nnsusyanm
suTaAY 25,177,856 fu Inpannnsndenentd  uaudn’ %ﬂﬂ’]’uﬁﬂmﬁmew’i@aﬂmﬂmﬂm:uu
U304 8,000,000 AU 3 AATUITNINL 136,000 211 anuatladufiddty du AN ANANL TS UBIAY
U (Office of Agricultural Economics, 2019) asinals 816 81%17 Qﬁ@ﬁﬂ’]ﬂ LLmifagmm@mamdauuﬁ’]ﬁ
Ana 17{thummwmmi{maM’hqﬁﬂﬂimuﬂmm (Krishna, 2018) danaTuladenniAaiulianudy
unnuuanandiaansiuazmaangbiviven e ANNITUNNNINRANA AN SN HATUAZY SN
winguananssonudeyanananwarauanysl  sanduwmalulagglansauwma (geo - informatics
veedalugaesresfimunzanuda azinldanunsn technology) NINITATUIINNIH IBBTAINNTAZ Y

1Bsannsuazn oy ldeeiwgnaeuazisue d99mAuIRIRT (crop spectral parameters) 711N
(Land Development Department, 2006) lutTaq1iis viane dayaninaies lugtuuusing o 1esAAatinanssn
Uszne sy Lﬂ?}lﬂuiﬂaﬁﬂﬂmimwmmﬁﬂimﬁ'ﬁ (vegetation index: VI) Waldiludadanilaly
nsdamwnAaemalulag uazuinnesusing o e nstszanninnsnanani laesnsuduen
LWNﬂﬁ‘”@V]ﬁﬂ’]Wﬂ’]i‘N@[ﬂLL@”@@?”E”L’J@’]LW@M@U@H@Q AN TNTIOL (V) Lﬂuﬁwﬂﬁﬁuﬁuﬁ
mmmmmimummﬂmméﬂzm‘wmemmu R T RGN IT LTI Tt 1 CEPP PR T 1ot
Tuifaqiiu an1aanuwliaudy (unmanned Fuianssi aefaulBunnuaaannszny i i
aerial vehicle: UAV) duieieailaniielunisdnsa waﬂqﬂﬁmﬁfmﬁmmuﬁ wansinefulutagnani
dayaszezing (remote sensmg)ﬂ/mﬂu’mﬂﬁﬁ'aﬂw e vl ladeyaanusaaai taINnIanIN
mniumimwmmuﬂuu LW@ﬂ’]i‘@ﬁm@WHWLWW”ﬂ@ﬂ AL suTILarA R At nATe R Tl A
m:rml,l,mu'wmwmmummmmmu naiudaya ulaslgn %agmnmuﬁﬂuﬁmwsimmumzﬂ
naRsALTs uaznsfamuNaNaANINIaNERs  wisusegnesuiasounisgaduaasluglugag
AaeaauNsinsysIA@evnefenainannisa AAULEIALAY (Red: 0.6 - 0.7 pum) TINFNLARL
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AN wazazfeurdianauLaBuNsLen
1na (NIR: 0.7 and 1.1 um). W udaulun) (Lopez-
Pérez et al., 2015) Walh ANFTTR TNl Vi) 1l
NITAATLLLARINEIVAQLTIIAITZUING - 1.000
f91.000lnaAduay G 1.000 11 9 L0.000) # Y
mmmwmnummmnmmm WAATN &1L
AruanusAeudaRuazdn1ng 0.000 Wszanng
0.200 to 0.400) W4 mﬁqﬁuﬁﬁﬁﬁmmﬁwuﬁﬁm
11N wu W'l vangdn 1u°n§14”171'ﬁ'n,ﬂummm ok
geun d1ln4 1.000) Lﬂuwuwwmvvﬁmmmm
wummfammumm i Aufitduandeu Uhay
mu s (Weier and Herring, 2000)

Tewinlrndatinanesa (V) avmnsonlszens

Asn1eaunldaindnglszasdnenisldeuls
2EN9NAINUANY Frae1Tw ANATHANA19T8S
WoNWITU (normalized difference vegetation index:
NDVI) (Rouse et al., 1974; Thompson et al., 2015) AN
FaiAuANsTesRaNs T NEg19RA LA T 0
(green normalized difference vegetation index: GNDVI)
(Gitelson et al., 1996) WALANATUN TN T4 WL L
Ufutlgednedasa 2 499AAu (wo - band enhanced
vegetation index: EVI2) (Jiang et al., 2008) s
TuTaqiiudnisldeainiAauliaudu (UAV)
Lﬁ@ﬂ’uﬁﬂ%;ﬂ@mmmﬁ WA TN TN (VI)
Tugtluuusing o Lﬁ@ﬂ?:qﬂm“lﬂumﬁmmﬁﬁwmm‘
LAZNNTLl TN N SR N AR R INN N SN AT
fismaunnn (Krishna, 2018) siaaginai Basso et al.
(2013) IdanAeulF AT NN N LALA LA ZIAAN
FatlANANSIBINTNTTU (NDVI) ANAGHALINFNS
resitanssddaanazdeyauuudnaesiuiionas
ﬁuﬁﬂgﬂﬁﬂn (crop surface model: CSM) L‘ﬁ@“ﬁ’muﬂ
ailaitg Aamuninaiydulnsesiaiilgn waz
saufuannnsaAnes i aduilenisananisninanan

Werluuilag Tuunuen Grassi (2014) Mannipawls

AUTUN W UN ANFTTANAN9RINTNETRL (NDVI)
= dll U+

redutasnizignivaluggniaiivesnsusunisliiie

a9l Usz@nE nnlussuun N EATLUL LN N

(precision agriculture)

I

Andatiianssns (Vi) Wudfidewlnauas
AuiusiuNanssnsludusiag o laun U3unn
mm%u (humidity) UIATININ (biomass) AYNHNIEN
NGRS BT (chlorophyll concentration) ﬁ’ﬁﬁﬁyuﬁ
U (leaf area index; LAI) AN AU LU UYDIN TN
(vegetation density) 3ztizn191a3 ey LALTA (growth
stages) T94N19728NAAN (panicle stage) Tulnsiau
luia (nitrogen in the plant) uazn1TATIAILTTNT
(weed detection) 111 (Barrero et al., 2016) A 3¢
szwﬂﬁmd’]ﬁmmﬁﬁﬁmﬁﬁmwmm VRN RN
aunanlszilinaniunIngesigaiagng 9 9999
fudnafiasluuilasls

uenanii Adndaun1slnAgNaeFudig
(canopy cover : CC) WA¥AIAIINEILRIFAUEY (plant
height: PH) Sefldaudalun 1sWmuiuuusnand
Lﬁ@miﬂixmmN@Nﬁmm%ﬂugmmﬂumm
udssaumanianinzestnn Inerrdndaunisnag
IRIR WG9 (CC) @arusnm1uIns ldlnsmgaann
fayaninulamaaadgndralaaniuunldann
ﬁﬂﬁmdqum@qnWiﬂﬂﬂquﬁu?{mmﬁu%mﬁi@ﬁuﬁ
FEYITREL T (u?@ﬁyuﬁuﬂmwmm%\mum
ﬁﬂqnim) (Guevara-Escobar et al., 2005) Guevara-
Escobar et al. (2005) 8811811 Adngdqunislnagu
gaadudnn (CC) AR ANNFNTus LAz &N L AN
N@Namﬁi’hqﬁﬁﬁqmm@um\wwdw 0.65-0.75
Tuanuedl Anugeresdudi (PH) taavialiagd
prnduTUSTUAHARA R g8 s lugadayanand
Tuiinlgannaniaswl¥audy (UAV) Semnuandls
TmﬂmqmnLLUUfﬁmmﬁyuaqL%qmwmqﬁﬂ@zm@i
(digital surface model: DSM) 299U LaINAaa3

Tunnsdnennasei] T4 lddeyaninuuy
WaNET99AAY a1nannAau i AL (UAV) 184
utlasdgndrawugteuin 1 o Audidaansnuay
Hnausunisinemsudifiey AsnEAsANEaRT
wangdd@ealvd dnnndieazfA i lines
msmﬁ’@umm?{ummﬁm (crop spectral parameters)
A ldsunsnssuuaIsaunANIN)NAans
(geographic information system: GIS) lua Nl &
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AraiNawssos (V) 3 3uuy laun (1) Andad
ANHNANTBINTINTTOU (2) ATHANNAN TR NTNTTEU
A0 uas (3) FTRAMNTEILULETNIMAT Y
(triangular greenness index: TGI) 3a N D aA1f 09
FINNINIBAINTBIT12 2 AN AB (4) ANFAFIUNNT
UnaguaedsiudIauay (5) A1ANEI189A UT 19
Weanunwrunduaunisonnesdaduateine
LAaLWY A (simple and multiple linear regression)
Wanistlszanninissananaesdinluulamanes
soufuANANARdaT I A nnsau asfuiRen
(crop cutting) W aranislssifiuniuuusn aesiia

o

NYAFINTUN1IINUHURATHR U UFUU P HARER

a

950l

D

L4 a
AUnsaluazIang

F8MsAnE:
pfiunisdgnaaadsnisinandiaiug
Faum 1 WU 600 A13n9mms uLiutlamaaes
UIA 4 x 3 LAT (12 A19IUNAT) A1UU 48 Lilag
w AueRAuaauarinausunIsnEa sl i s
AniznERAsANanS aAnendadadlusl edud 15
Aonan w.a. 2561 Tneiutunindeyaninuuumans

gaepdu foandesiufindayanwidaay S1uam 2
fa wiadly (1) nzﬁ”mﬁuﬁnﬁ@g‘@mwiuﬁqm?{u
fianemuaaiu 3 10anan (visible: blue, green, red)
sensor 1"CMOS Sony Exmor IMX206 e < (2) GH
Tufindeyaniwludasnduiaramuasdiuuacd
1A (visible: red) WazT9ARLBUNIIAING (Near -
Infrared) MAPIR Survey 2 Camera - NDVI ‘17{ LA U
ANEaTiu 20 Was AotanniAstulFaudy (UAV)
£t DJI U Phantom 4 Pro tag/ lfuannis5ednnan
f1871981N1A (aerial photogrammetry) Tudui 7
WOANNEU W.A. 2561 %uﬂuﬁqwmzmﬂﬁﬁmﬁuim
289919 90 Funasnistgnuares luszazniWmun
999 (reproductive phase) Lﬁ@ﬁﬁm@mwmﬁﬂmi
AL NIt aUT9ARLTIasRTANNNA BTN
dayaauIn 2 59 (Figure 1) NWINNNI3LAIIZTANGTH
Nowesad (V1) T 3 gﬂLLuuﬁmmdwxmmmmu
AuRLazlAMNANAUSAUATNANARTR9T 12 11
LLﬂmmmmié’faﬂN%é’Lﬁmﬁ'qm owa (1) Asad
ANANNTBINTNTTU (NDVI) (2) AdTHAaasng
JasR TN TR a9 ALLAR T e (GNDVI) uas (3)
ANFTT AT LU AN AT (TCI) 394 E 4R
Faut99aNni19n18 A INTa4d19 2 A1 lawn (4) AN
dnaunistinaguaassiidig (CC) (Hunt et al., 2011)

Red - NIR

Figure 1.
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Near Infrared (Red - NIR) bands
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WAL (5) ANAINAITBIF U9 (PH) ANATHIMANT

anldatngunsuanalunisanmnaNany sadudausa
WAZLIEHNUNTHANAARATTINIARINT (Ren et al.,
2008) A1UFUAFTLANNALIMULRNNMALN (TGI)
1 o a4 dl v v 1
WuardgiNanssudn ldurandayaninlugas
pAUNANEANNY BB (vVisiDle: red, green, blue)
(Figure 2) Tl UA@MAUIAINIIADLAUAITD

Iurunaalsiadluluieninasenisinnnu
WA UINI7URINTUALHANAR (Hunt et al,, 2013)
zﬁ'quﬂ'ﬂmqmwmﬁu%q (PH) gnAIUI AN
LLummmwummew@muﬂi‘”mﬁ‘wfmm
ANNHEIH1NFTOULAALAY wumﬂuﬂavmm 74
AnlasasTisunsussuuansaumaAnalaans

ArcGIS 10.5 @un19ANN ) A4 Table 1

Photogrammetry with UAV ]

| Conceptual Framework |

| Spatial data derived from UAV |

Data file conversion

- Red (R), Green (G), Blue (B)/ 16 bits
- Near Infrared (NIR)/ 32 bits »
- Digital Surface Model (DSM)

- Aerial photography with UAV
- Ground Control Points (GCPs) ‘
- Coordinated Systern
- Mosaicking & Band separation
Rice yield observation ‘

> 48 plots Crop cutting
> Yield weighting

Model development

- Red (R), Green (G), Blue (B)/ 8 bits
- Near Infrared (NIR)/ 8 bits
- Digital Surface Model (DSM)

Image Processing J

Simple & Multiple Linear Regression
with rice yield data of 20 plots

‘ Model validation

> Yield calculation

(Response, Y)

to validate with rice yield data of 28 plots

Multiple Linear Regression

‘ Model Prediction

Multiple Linear Regression
to predict rice yield for 5 plots

I Spectral parameters from UAV I

NDVI, GNDVI, TGI,
Canopy Cover (CQ),
Plant Height (PH)

- (Predictors, X, —X;)

Figure 2. Conceptual framework of the research

Table 1. Spectral parameters derived from two digital cameras with UAV

Cameras Parameters Equations References
Rouse et al., 1974,
_ 1
NDVI =NIR-Red/NIR + Red Thompson et al., 2015;
Multispectral GNDVI — NIR— Green / NIR + Green 2 Gitelson et al., 1996;
Hunt ef al., 2011
no. of crop pixels in AOI
= - - 3
Canopy Cover (CC) overall number of pixels in the AOl ™ {ynt et ar, 2011
Triangular Greenness Index = Green- (0.39 x RED) - (0.61x Blue) Hunt et al., 2011
RGB (TGI)
Plant Height (PH) = (Crop canopy - Soil surface) Malambo et al., 2018

Remark ' NIR and Red are pixel values in near infrared and red channels, respectively

2 . . .
Green are pixel values in green channel / 3 AOI is Areas of Interest
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mmi?uﬁﬁmiduﬁTwﬁw%’wammﬁ nd19
TeAanssantasiufaluiuiianng 1 mmawns
G191 48 utlas Fedainminudauaziliuacugy
WAAT 14 % TuFuR 3 519N WA, 2561 RaRmUN
LULRNA8L e NN TRARARD 1A aNN1I0AN AL
A URE 1B LA NI A DL Tneutivfuneuaaniy
(1) NMIRNUILLLAIAES (2) NINARBLAIINYNHDY
PRIULLANARY WAT (3) NINUIENANARD17 1A
’L%*’ﬂ'mg.@mmﬁm*’ﬁmme'"mﬁmzﬁfawﬁqm?iummﬁm
ANULAINARBIAUIL 20, 28, LAz 5 uilas AauanaL
(Figure 2) uwazil9zil uAduilsLAnsnatanun
(R) firlsuenaanuidesiuaesaunis (Chenga et al.,
2014)

NANISVIARDILAZIANTOL

1. AMNNSAS aUT9AR UARINTA N NAENU LS

AUTLI (Crop spectral parameters from UAV)
NAAINNTINITUTZNIANANIN (image
. o W v P , oy e
processing) MR A8 auTd9AA N aIN T
(crop spectral parameters) arnenniAaulFaudy
(UAV) a1 ndusinly wlasrndeyaidaia (digial
number: DN) 11 uAn1m9971 8 bits ey

AuansA st gnssns (V1) Tu 3 guluuy Teud (1)
ANAIHANNNANIRIN TN TTL (NDVI) (2) Anaeail
AINANITR IR TN A28 T09ARULANR T80
(GNDVI) uae (3) AATT A NIT 89 uU LA N AT Y
(TGI) saufieAAaulssaunen1anInaasdia laun
@) Andndaunisnaguaesdudia (CC) uay (5)
ANAINEIT295 WL 19 (PH) (Figure 3) Tnaiwudn
AR A NEN TN TNgIOL (NDVI) HANaEsendng
-0.123 014 - 0.093; ANATHANNAITRIN TN TR
\Je12 (GNDVI) - 0.114 714 0.015; AnAgiiA21n i@ 8n
WULANIMATY (TGI) 0.356 59 0.498; ANdndau
nnsinaguaassiudng (CC) 0.630 14 0.846 uaz AN
AIING9T89A W9 (PH) 0.611 114 0.766 ANNAIAU
(Figure 3) SeAnFaR N TN ITILA L A FALL 799 NN
e aestramani ezl ifususlszunninas
(predictors, X, - X,) Tun1sWmuuuuanaeslssain
nsuandandnlnaatndnaslanuduiusiuan
HaNARYasdaugTeun 1 luilaannaeg

2. AHaNART12lunla9nAaad (Rice yield

observation)

1 a v 1 1 v
Ananandasalslunlamaaadldain

(33

3Rnnsrauaafinifen (crop cutting) Imﬂmmimu
%’@Hmumuw 3 $unAN WA, 2561 U ufiaunn

b

e B ) -~

Figure 3. Map shows (1) Normalized difference vegetation index (NDVI), (2) Green normalized difference

vegetation index (GNDVI), (3) Triangular greenness index (TGI), (4) Canopy cover (CC), and (5)

Plant height (PH)
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12 ANT9IMAT S119% 48 wilas Yrudndraund
d"mffwﬁnLmzﬂ‘fumm%umﬁm‘lmﬁummﬁm
Reniud 14 % 1duanandnanelsvesie 48 uilas
(Table 2) TaaIWwL3 m@mﬁm%’mﬁiﬁﬁﬁﬁmmﬁﬁu
889.63 Alansusals (LL‘lJ'Z\N‘ﬁI 35) mm%m%q‘ﬁquﬁ'qm

windu 1,637.93 Alansusels (wlas? 33) Ineaas
NANARTN9919 48 wilag windu 1,176.17 Alansusals
4 T - « 4 &
Tapanand s lsn lnanndsnisdaudaai e
azlidusaudsnasauas (Response, Y) Tun1swmun
Rl e I s e AT AT e YLt

Table 2. Rice yield estimation (in the stage of model development and validation) with spectral parameters by

multispectral high - resolution imagery from unmanned aerial vehicle (UAV) in November 7, 2018

Rice yield (crop cutting)

Rice yield estimation

Group Plot Residuals
(kg / rai) Kg / rai
1 1 1,340.64 1,392.11 -5147
2 1,362.68 1,458.29 -95.61
3 1,368.94 1,403.69 -34.75
4 1,508.69 1,463.78 4491
5 1,454.19 1,463.60 -9.41
6 1,590.92 1,518.81 7211
7 1,238.79 1,227.82 10.97
8 1,344.12 1,402.33 -58.21
9 1,359.44 1,268.14 91.30
10 1,217.96 1,241.90 -23.94
11 1,545.41 1,491.67 53.74
12 1,359.02 1,417.50 -58.48
13 1,301.75 1,337.44 -35.69
14 144147 1,422.81 18.66
15 1,312.84 1,274.16 38.68
16 1,344.92 1,319.06 25.86
17 1,378.96 1,380.98 -2.02
18 1,322.58 1,351.85 -29.27
19 1,510.03 1,463.01 47.02
20 1,230.08 1,234.48 -4.40
2 21 1,433.58 1,390.28 43.31
22 1,235.70 1,431.38 -195.68
23 1,475.84 1,295.68 180.16
24 1,628.74 1,250.46 278.29
25 1,090.72 1,416.73 - 326.01
26 1,074.83 1,423.23 - 348.40
27 1,500.95 1,453.95 47.00
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Table 2. Continued

Rice yield (crop cutting)

Rice yield estimation

Group Plot Residuals
(kg / rai) Kg / rai
27 1,500.95 1,453.95 47.00
28 1,146.11 1,453.10 -307.00
29 1,5650.28 1,287.53 262.76
30 1,204.91 1,342.84 -137.93
31 1,5637.88 1,297.34 240.53
32 1,231.02 1,393.14 -162.12
33 1,904.58 1,390.06 514.52
34 1,111.26 1,371.87 - 260.61
35 1,034.46 1,378.72 -344.26
36 1,334.53 1,427.57 -93.04
37 1,311.14 1,450.61 - 13947
38 1,510.56 1,316.54 194.03
39 1,708.48 1,357.41 351.07
40 1,247.92 1,366.21 -118.29
41 1,235.77 1,413.92 -178.16
42 1,140.98 1,299.09 - 158.11
43 1,553.49 1,440.86 112.63
44 1,220.56 1,343.56 -123.00
45 1,498.04 1,276.91 221.13
46 1,110.97 1,444.30 -333.34
47 1,371.00 1,208.69 162.31
48 1,790.73 1,408.57 382.16
Average 1,367.26 1,372.17 -4.91

3. HANITWAIRILULANADIUTeNIUNITNANA A
4719 (Model development of rice yield estimation)

1.1 NMSWAUILLLANaaslszurunig
pandandlusluuuannisannasi@aidy
(Model development of rice yield estimation with the
regression equation)

NINITR A UILLLAN889U 72N1U N9
HAKART19A28aNNTnAnee T U199 LAY
WA (simple and multiple linear regression) Aol
AINANAUS IENINAILLUIRBLAUBY (response, Y)

200

& a v , Ay v aal 4 &
A9 NALARNT1960 197 lda1n3anisFantaaiumnen
Tnannsqusnetalundamaaaangud 1 (wilasi
1-20) a1U2U 20 wiad wazmawdsdsrununng
(predictors, X, -X5) AINATNNITIHIRBTNTAZT B
\ P P Y 4 o A

dandueaN g liun Ardatinanssns (V1) 3 guuu
Aa (1) ANFTANA9TRINTNII0s (NDVI) (2) AN
FARAINNAUDINTNTTO AL TIIAAULAIR T 819
(GNDVI) 1A% (3) ANATH AN 8L LU AN AL
(TGI) FaNAUANFTILLFF9NN1INBAINTIT12 AD
@) Andndaunisnaguaessudig (CO) uay (5)
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ANANGITRIA UG (PH) Mn W ldannissennmng
nsuanand19lu 4 sUuuy (Table 3 waz Table 4)
?ﬁlqﬁﬁmiﬁ“mLﬁ@ﬂmum?‘ﬁ'ﬁﬁm‘lﬁmmﬁma‘quﬂ
mmuﬂimwﬁmimmm% %) UsznauniuA RMSE
(Root Mean Square Error) ezt lunmagey
mwgﬂﬁm (model validation) WAZWEINTUNANAR
(yield prediction) fia'ly Tmawwudn ANNTA (4) B4
Wuaunisnanedadunvgn Tnef saudsmay
AU D NANART19 (Y) HAduduAusiumauls
Uszainnunng (X, - X)) Ao ANATHAMNEBINT NI
(NDVI; X,) ANA 10 A2 1N B98N I WITU A 28l
foanAuuasdi@an (GNDVE; X,) Ardaiaanuiden
LA LIRS (TGI; X)) AdadaunisnAg N8

Fudng (CC; X,) ANAINgI183Aui1g (PH; X,) Ae
Y = -430.86 - 5108.88X, - 447.9X, + 2751.09X, +
282.36X, - 254.2X; fiAndutlszAnanissndaula (R
mmm‘wmu 0.879 mnuﬂmmmiwmmuh
aun1sielsruinin1sHandnd1asaula
(modelling rice vield) ‘Luuﬂmwmfmﬂ@:mﬁ 1 ANNANI
§1uam 20 wilae WeuFau i euRuAnanEnd
Fldannnnssautlaaf B andafuduananass
(observed rice yield) WU N19UTZHIUNITHANG B
mq”lmmm‘w 1500.92 Alansusials (wilasht 6)
LL@“’W]ZWWI 1,230.08 Alansusels (wasdt 20) fae
AanARRALT 1,376.67 Hlansusials

Table 3. Regression models to predict rice yield with R2 and RMSE

5 RMSE
Models .
(kg / rai)
Y= 2163.36 + 7981.99X, - 1728.41X, 0.661 75.492 (1)
Y= -530.19 - 5526.26X, + 2989.44X, 0.861 51.146 2)
Y= 420.89 - 786.60X, + 2101.19X, 0.853 52.533 (3)
Y= -430.86 - 5108.88X, - 447.90X, + 2751.09X; + 282.36X, - 254.20X; 0.879 47.909 (4)
Avun L
Y = Rice yield estimation
NDVI = Normalized difference vegetation index (X1)
GNDVI = Green normalized difference vegetation index (X2)
TGl = Triangular greenness index (X3)
CcC = Canopy cover (X4)
PH = Plant height (X5)
Table 4. ANOVA of multiple linear regression with NDVI, GNDVI, TGI, CC and PH
Value df SS MS F Significance F
Regression 5 156427.973 31285.595 9.541 < 0.001
Residual 14 45907.066 3279.076
Total 19 202335.039
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3.2 NISNAFAUAITNDNA AIVDN
WUUAIRRIUTENIUNISHANA AL (Model
validation of rice yield estimation)

wuyataasdszuininisnanandialu
sUunuannImanes i udun A An Y = - 430.86
- 5108.88X, - 447.90X, + 2751.00X, + 282.36X, -
254.20X, (R = 0.879) §nUIIMAGDLUAINYNHBY
2a9kULUANA89 (model validation) Taeldauns9nn
n19UszaNUNIIANARARD1Y (modeliing rice yield)
’Luuﬂmwmmn@um 2211494 28 kil ad (Table 2)
TneuFanfaufuananandinildainnises
wlaafiuifandaduAnananaia (observed rice
yield) w191 nwﬂummmammmmimmmw
1453.10 Alansusiels (Llasd 28) uaznanansn
zgmn 120869 Alansusals (uilasd 47) Faeein
naNAMIRALT 1,368.95 Alansusiels lasrneds
AMNNITUITNIUNITHANAR AL ANNIFUANIN
AnRAsRlEaNNNANARA3 (residuals) 8.41 Rlans
fals
3.3 NITNEINTUHANA AT1IALUUUIIRD
(Rice yield prediction with the model)

UNANNITULLANABINITUTENUNNTHANA R

o S oA, > Y
P19 (ANN19N 4) NHIUNITATIRADLAIMHYNFADILLAT

(model validation) 114 lun1smagauniswansad

(prediction) HAKARNATIUDIT 1IN UE TN 114

LLﬂmﬂqn%fJ‘*ﬁ’NLﬁm(uﬂnﬁiﬁqmﬂmnLLﬂmwm@mﬁ
TEN UL LA1289) 2UIA 18 X 6 WAT (108 1914
WAT) AU 5 hlad WA N9UITHIUNTHAKA
%’Wﬂﬁ'ggmm‘ﬁ 1588.78 Alansusials (wilasft 4) uay
ﬁil’f]qm‘ﬁ' 126755 Alansusials (uilash 5) Faepn
NANARLRAYT 1,483.36 ilansusals Tagirnlade
AMNNITUIZTNIUNITHANAR AL ANNIFUALNIN
ARRLTRlAANNLANGRNE (residuals) 96.86 Alansu
sels aeinelsfiany Wufiindannin nananiedsaes
Fanugteun 1 Tumsnmnases (1,367.26 Alaniu
siels) ganduandniednd dudnm izl sednsiug
Feun 1 (740 Alansusia’ls) ﬁ1ﬁ§UNﬁi§’u3@qﬁuﬁ
e 9fuanew 2536 (Department of Agriculture,
1993) ¥t anaifiesann nsnmnluafsiisaiiunig
Tuan1nutladiqn Alndsanaassauadn inns
AAN19ARENITNARLAZNNIAANITUL vt 19N
Use@nann 'ffi\iﬁﬂﬁﬁﬂﬂmw‘lumﬂﬁmawﬁmﬁ”uzg\i
ndnAedavall (Table 5)
Tnauanisdsenrunanandiowug
Feum 1 WAUREUN TR RIS 1ABS NNINAREL
AINgNADY kartszunninisnanand1aluulas
49AEN WULT WUUAA8IU sz INTHANAR ﬁqﬂ
me;ﬁyumnﬁwqﬂﬁLmafmmzﬁﬂuﬁqmﬁu
189N (crop spectral parameters) ananAe 1wl
AUTU (UAV) 3 WAdszuunisuandndaa

Table 5. Rice vyield estimation (in the stage of yield prediction) with spectral parameters by multispectral

high - resolution imagery from unmanned aerial vehicle (UAV) in November 7, 2018

Rice yield Rice yield
Plot NDVI GNDVI TGl CcC PH (crop cutting) estimation Residuals
kg /rai kg /rai
1 -0.0874 -0.0191 05238 0.7829 1.0097 1,296.19 1,429.63 -133.43
2 -0.0849 -0.0442 05406 0.8312 0.8598 1,317.33 1,526.06 -208.73
3 -0.0860 -0.0363 0.5390 0.8047 1.0450 1,474.99 1,469.18 5.82
4 -0.0801 0.0146  0.5807 0.8650 0.8845 1,576.42 1,588.78 -12.37
5 -0.0956 0.0131 04685 0.7172 0.5505 1,267.55 1,403.14 -135.59
Average 1,386.50 1,483.36 -96.86
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InaReiuANaNanase F9a 170 1wl s laml

fpantsnensalaanand1aluseaunladla v
atin9A wananEeanudn nsldiautlsanaesda
yaA AT R TnsTIuAT AN 1B MR AR
wnndmiteA1aziun TR AN e A NTR AN
Uszurmunisuanandusugauanndnnisld
AnFaiifanssetnelneg i aefniaan
(Bai et al., 2016) LL@:Lﬁmq’m‘Luﬂmﬂumﬂ‘hﬂ@ﬁ
antdgulFaudy (UAY) o ldiuestnandneanny
Tudun1snensnssy Anfduiiiauladiuiy
nsWausesan uuUaaes Al Uss@nEninaan
Elq%?u%:mﬂmsmwaqﬂimim@mﬁmimumﬁmﬁ'u°'|
1Funaaidusieldl

a5

Q

ANTWAUILLUANABIAVEATNITIHIAD ST

% , A S o o
NNALY UL AR BYBINTAINB N AsW T AuTY
(UAV) ludnerauzAnaadnanwssas (V) 3 3luuy

LAYANFLLFINNINNEAINIRIT12 2 AN BT L

ANNTUTTNIUNTHANA AT 12 AvafuLlsmnay
@184 (response, Y) A2 HANART1968 l3a Nl ag
NAgaL A UU 20 wias wazianlsdssnaunig
(predictors, X, - X,) A AMN1917imasNNIAsia1T9a
ﬂﬁlummﬁﬂugﬂLLuuﬁw‘TmﬁWmWﬁm (V1) 3
stuuy FanAuAFAaulsfannIanIEnInLa9d19
2 A1 Hldldannisonnesdadunyg e
Uszunmunisnandndng lnafifaulsnesauaes
Ae HaNand19 (V) Jaauduiusdudquys
Uszanmung (X, -X) Ao ANATHAIINE 191D
WEW330s (NDVI; X,) ANATHANNAII1DINTNITTU
FotT09mAULAIA T8 (GNDVI: X,) AAEiAaw
FaquuuaL Ay (TG X,) Ardadaunisiln
ARNIBIAUTA (CC; X,) ANAIINgI1RIA UL (PH;
X) A @ Y =-430.86 - 5108.88X, - 447.90X, +

2751.09X, + 282 36X, - 254.20%, Tl ANd N2 AN

mmmn 0.879 Immimmﬂumm
NsuanGRt1Iaae 1,376.67 Alaniusals aaniiu

nsindula (R

Taunlunagaunaugnias (model validation) fiu

a £ o 1 1
NANARTIA NLUAIF 8819 28 ki ad Wwuan
ANUTTNIUNIINANAAT12LRAE 1,368.95 Nlansu
fald IneA1RALaA NN s NI NANAR A9
ANNTFUAENINANRAEN IFANNNANARASY 8.41
Alansusals wazilatnannisuiuanaaalinennsad

a £ v [ & o v v
pan@and1t1Rugdaun 1lunlasdgndiodng
WA 91101 5 uiae nudn A TNANAR LA
1483.36 nlansusals InaA1@ataINN19lsrdn
NANARGIUANNITUDUNINANRALUDILALRA A
934 96.86 Nlaniumals

neAngsNUsznA

28BLAS TBIAAAIIANTE AT TUINUG
wluas wangiie Nt gAanfuazUgiAans
AUEINHATANARNT HUNANNA LT el ﬁﬂgfm
WAuuziuazaduayudeyanismizdgniig
filulszlondreaidseluaioil LATUBUBLA Y
Eudfigudise andnuazinausuninneng
Wit AouznERIANans annadededlu
@‘Lémmw’@muﬁ’lumsﬁﬁ%ﬂm%ﬁ
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Response of Rice Varieties to Rice Leaffolder Infestation
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Abstract: The objectives of this research were to study the response of rice varieties popularly grown in lower
northern Thailand and their morphological characters on the infestation of rice leaffolder (Cnaphalocrocis
medinalis (Guenee)) in greenhouse. The rice varieties: PSL 2, RD29, RD31, RD41, RD43, RD49, RD61 and
RD71 were planted in cement tanks covered with fabric insect net and placed in the greenhouse. The rice
leaffolder adult were released into those insect net when the rice was 30 days old. Then the number of rice
leaffolder larva, the number of damaged leaves and also the morphological characters of rice in each variety
were determined and recorded every week for up to 5 weeks. The result revealed that the lowest
average numbers of rice leaffolder was found on RD43, RD61 and RD41 at 0.09, 0.10 and 0.11 insects / plant
as well as the lowest average numbers of damaged leaves at 13.2, 14.7 and 14.0 leaves / plant, respectively.
The infesting insect numbers on those rice varieties were positively correlated to tillering ability at 66 % and
negatively correlated to panicle type at 61 %. Meanwhile the numbers of damaged leaves of those were highly
positively correlated to leaf angle, sterile lemma color and amylose content of the grain at 96, 96 and 92 %,

respectively, and highly negatively correlated to scent at 96 %.

Keywords: Rice varieties, Oryza sativa L., rice leaffolder, rice morphological characters
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v
a o a A

unAnga: Fquszasiienisiduil Aa neneuausssesiuginiteulgnluennamieneudns uas
ANANN U UANEEd1ATy Uszanugianisidiiateresueuialudie Inadgndawugienylan 2,
N29, NU31, NU41, N43, N49, N161 uaz 171 lunszuzt)ud wusfpquinsdenidnaneldanmisaden
leengdnn 30 u ﬂ@ifﬂﬂﬁLgﬂwu@uﬁ@hﬁﬂﬂuﬁqmﬂm anistiuiinanuausanuauialud1 arusuludig
e nduafiduszazionn 5 4Uanif uasiunindnwzilszanresiugdranasey uanisdnwanuan
ugdne n243, n1 61 waz n141 Heuaunuauvieludsasinanuedudeduieniian 0.09, 0.10 uaz 0.11
AFRAUW ANNATAL LLazLﬂuﬁuﬁiwumwLawmﬁ@ﬂﬁ'zﬁm ufu A wae 13.2, 147 waz 14.0 lusesdy
PINANAL namsIeL T auANNFNTUSIaIs UL AT awNaNe wazsuawluR e iUy
gAnytlsraniugrestionugnaaey wudn @?ﬁmuuu@uﬁwumﬁum?{ﬂmmmqm‘ﬂ@ﬂﬁmmzﬁ“uﬁuﬁ’@qmn
gegaiuananunsnlunisuAnne (tillering ability) feuaz 66 uazd AT UETaugegAfuAN
199994 (panicle type) ¥aeiaz 61 luaniefisnaanudauiaresludinedsnaennggndaanduiug
LﬂQUQﬂQQQmHUHNm@ﬂH@mmulu (leaf angle) Anavuseeman (sterile lemma color) wazilsunnuayiniag
(amylose content of the grain) lwMand1a Faaaz 96, 96 Az 92 MNAIAL WAL ANANNUS FIALgIgANTL
nduas (scent) fara 96

AdATY: Wugdne vuewieludn anwormdugnidneneesdn

AN AHIAaNItenagelieFanay 80 16 (Gangwar,

2015: Nirala et al., 2015) Iaanuauvie ludi1adnle

v . o =) =2 ¥ ] o o a ] al
419 (Oryza sativa L) ilusrydaluana  Aszeuludiavedanueunazunsiniugdaus

o Ao Y o = o A ° % a \
wayn (Poaceae) Nanduigavsuanveslszains  @aanialuaesludiaive vinliludradeunaly
ludsemalnauazuannda 2,000 A1uausialan ansnduaziuacle uasiinanlinanandio
droduinimswgianlgnaseuagulunn  anad (Fraenkel and Falli, 1981; Khan et al,, 1989) iq
Aaresdsemalng dalunuiralszniunia faeaz 50 1@ (Kushwaha and Singh, 1984)

A 1 dﬁl dl d’ = 1 a dl 1 1 ¥ =
wianauaudununuiIralseniu 9l lasedne Tuamadrunvueuvialudaduimes
sruvAsIeNIsINEAslAae 190 uazsesiy  unasdngdianinisszuamiuaiiasouasla
nasviananeas lnalenizet 9B laimes  quusaudessAundANdATY Wz unasdng
wanaanall inwansluiunasaininlgndio  sssuaAnaneaianAsuanuazdudaufale
Tuunaunlvg ldedesaiiiaq 2 - 3 afasadl TailfnuauraludiadUSuamlszainsgeau
Fanngianeasluanruziinaainainliunas  Aantsszuianiaaui@aune s wel Taqiiuil
Angdadunaaaiunsigananysninaansial nsulasuilasresaningdennid ssuuiing

| o o oo o 19 a (% P o
iy uaznanedulyymdrdngiduainlinanas  widie naswaauudainisdanis wazguuy
% A A 2 9 N A A o o
d1oanasvzaildanianefasay 20-30nl Wed  n1sdgn gua UngeineulagunaesinenIng
N99XLNALN AT (Dale, 1994; Senthil Nathan et al., 2004) $94719N19454

wuauvaludng Cnaphalocrocis medinalis ~ naswasy A uTarasdiaaiunandnligeau
(Guenee) (Lepidoptera: Pyralidae) {1 uunadAmngda Aaenislaileduduaunin inlianinuandas
ndAyanaenanuludauazaiiemauidang TAnuwnnzaniunaina T uInIesuauialy

FRsTULRINAWITI98E19HIN WINHN19TT LRI droaunaneiduunasdngdandrAyniamsegia
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ﬁququuu@uﬁﬂ‘lu‘ﬁqQLfaﬁﬂﬁ?qqm 0.19 - 0.23 Fi1
sy luda1vid 5 sruaunuewialudinanas
BE1999ALTY L@?ﬁlﬂmﬂuﬁw 0.04-0.13 Asa s
Tnaug Awoylan zwuqmmfaﬁﬂ 0.13 A9 @Y
Tusnedl Wug N243, N241 uAZNI61 WLAIUIL
wuauvialudnoadergn 0.04 - 0.06 farasu 19
wugtrafinususunueuieludinedssedy
mmq@ﬂ@mﬂﬁaﬂﬁm 3 dUALWIN AR WuE N143,
N961 uaz N141 AaAt 0.09, 0.10 wax 0.11 Fasiad
AANANAL WL EUA LW NS A unIuAe PTB33
fiflAned 0.12 fasedu (Figure 1)
NMSARLAUBIIDITT 10 WUFAUMUaURalud1n
luFaunnaas annisguiusiuauludiad
WEW2AINUUAUUA LUTI1IRIVINATE 41U 5
Aloni

wan1sasatusuanludieildavis
wanazanainuueudeludioasiiaeeie
sasiuludne 10 Wug 91u9u 5 4Ua1sf wudn auau
Tudaidaweedsazandasuwandcllay
Wuﬁﬁweﬂwﬁﬁmﬁwﬁmmmﬁﬁﬁ’q 54Unnot
TmﬂﬁLLmTfiuLﬁlu%ummﬁimﬁ@ﬂunﬂﬁuﬁ WAz
mamiuzﬁ’ﬂmu’?{ Sﬁ’uﬁimﬁﬁmﬂﬂﬁﬂuuﬂm
m@qmmulumqwmewmmqmﬂ@ﬂfaﬂu
srFufiAndnuiedaumafuinuludawug
FauniulTeuiay PTB33 Usenaudae Wug
n129, n131, n141, n143 uazn61 Ineluddnani
7 5Wuﬁﬁqﬁlwum"mLﬁwwﬁf@ﬂﬁlqm 3HuAL
Ae 1iug N143, 141 waz N161 1A 13.2, 14.0 uaz
147 lusedy Aus dy Tuansi Wug PTB33
Wilads 17.0 lusiesdy (Figure 2)
ANHINFIATIZUANNRNNUSUDIITUIUNUDY
valutnaadssesu uazdwanlufignyinans
\aREfafy AUSNENENATTIUINIRIgIUANEN
U817



nsRaLAuaIaIRUsIsanIsiiaerasuauialudg

04

0.35

03

025

0.2

015

01

N\

0.05

N

Average Number of Rice Leaffolders (insects/plant)

-005

0.1

Weeks

g PSL2
B RD29

& RD31

RD41

i RD43
4 RD49

RD61

AN NN

NS s

RD71

#

FTB33

7% TN

Figure 1. The change of average number with standard error bar of rice leaffolder infesting 10 rice varieties

from 1 - 5 weeks after 30 days old
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Figure 2. The accumulation of damage leaf numbers / plant with standard error bars caused by the infestation

of rice leafrollers on 10 rice varieties from 1 - 5 weeks after 30 days old

HANNTAATIZWAITHANAUT DI UIU
nuauvaludiniadasiesy Lmzﬁi’f]muluﬁgn
WranuA e sy AUANEMENINTFIUNIY
dugnanendwmiunmuaugdnainnaunisdig
LA e International Rice Research Institute (IRRI)
2994719 UE 69 ] AU 46 Anmour wudn § 37
Fneaziiannisadinszipanuduiudly e
AN ANTUETBs U e uelud1afiny
rﬁifﬂﬁumﬁlﬂmmq@ﬂ@n HAuduiusi@auan
AagANUANAINITD IWNsuANNa (tillering ability)
fauay 66 uasHANANNUSITIaUgagany
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ANTUTIRITIY (panicle type) Faeay 61 dauan
AU LEIReE AT AR e aaasludnleds
pannngUgn nudl A udNAusIEIuLngs
aafuyNaevsanuiuly (leaf angle), AnAUTaY
man (sterle lemma color), U3 azlulaalu
Wand9 (amylose content of the grain), Aunuae
1u (leaf blade color), AN s s luag (flag leaf angle)
¥auay 96,96, 92,66 LAY 63 ANNANAL WAZH
ANNANAUT I TIAUGIgANTY nAuveN (scent) WAy
N19U9A (panicle thresh ability) $a8ae 96 LAy 64
paNanay (Figure 3)



M5ATINEAST 37(2): 207 - 216 (2564)

Photosensitivity
Leaf Length

. 0.14 Leaf Width
I 0.26 Leaf Blade Pubescence . 0.20
(.36 Leaf Blade Color . 0.66
I (.49 Leaf Angle I (.56
I .29 Flag Leaf Angle I (.63
0.02 B Leaf Senescence .32
0.08 Ligule Length . 0.46
I 0.33 Collar Color . 0.25
m 0.03 Auridle Color 0.2 .
m 0.03 Culm Angle 0.26 E.
m 0.04 Culm Length 0.11 W
- 0.17 Culm Internode Color 0.35 EE.
I (.33 Culm Strength — 0.35
(.33 Panicle length 1 0.04
0.61 I Panide Type -0.34 .
-0.14 . Secondary Brandhing of Panidles . 0.10
- .17 Panide Exsertion . .32
0.08 1 0.02 1

Panicle Shattering
Panicle Threshability
Tillering Ability
Apiaulus Color
Lemma and Palea Pubescence
Sterile Lemma Color
Spikelet Fertility
Grain Length
Grain Width
Seed Coat (bran) Color
Scent
Brown Rice Shape

0.03 W Chalkiness of Endosperm _— 0.26
(.49 Maturity 007
I .29 Amylose content of the grain I (.52
I (.41 Gel consistency 0.5
I (.34 Elongation ratio . 0.29
032 Gelatinization temperature . 0.12
0.50

-1.00 -0.50 1.00

Figure 3.

-1.50 -100 -0.50 0.00 0.50 1.00 1.50

b

Correlation coefficient values (R) of the rice morphological characters and average number of rice

leaffolders (a) and damage leaves numbers/plant (b) on 10 rice varieties
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MuadA Ui UN1sAne1 luAsel uaaniinislaas
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srelzuANNG 3T 30 FUNAInAn LaTHANTATE
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Abstract: The objectives of this research were to study on the population dynamics of rice black bug
(Scotinophara coarctata (Fabricius)), to investigate their relationships to some abiotic factors and to
determine efficacy of some insecticides to control. The experiment was performed during May, 2017 -
April, 2018 at Phitsanulok Rice Research Center. It was found that the number of insects was not found
on all plants in the sampling units when using the direct count sampling technique but continuously found
when using light traps. The highest average number of insects per week was occurred during December
(1,666.14 insects / trap) and lowest on September (0.29 insect / trap). Abiotic factors: relative humidity,
maximum temperature, minimum temperature and rainfall affected on the rice black bug population only 0.17,
2.05, 4.79 and 1.63 % (R2 = 0.0017, 0.0205, 0.0479, 0.0163), respectively. The efficacy of 9 insecticides:
carbosulfan, clothianidin, ethiprole, etofenprox, lambda - cyhalothrin, profenofos, benfuracarb, prothiofos and
triazophos were determined on rice black bug. The result showed that the highest efficacy of insecticide
was carbosulfan and clothianidin at 1 hour after application and completely control was occurred at 6

hours after application with LT,, = 0.695 and 0.766 hours, respectively.

Keywords: Rice black bug, population dynamics, insecticide
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Figure 1. Population dynamics of Scotinophara coarctata (Fabricius) compared to the amount of rainfalls,

relative humidity, and temperature (Max. and Min.) during May 2018 - April 2019
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The average percentage of mortality values of Scotinophara coarctata (Fabricius) after exposing to

insecticides at 1, 6, 12, 18, 24 and 30 hours with LT, values

LT50 Mortality after application (%) (+ SD)
Treatment Classification
Day 1 hours 6 hours 12 hours 18 hours 24 hours 30 hours
Carbosulfan Carbamate 0.695 88 +6.93° 100° 100° 100° 100° 100°
Benfuracarb Carbamate 6.824 4£4° 60+4° 83+833% 100° 100° 100°
Etofenprox Pyrethroids 1.85 71+6.11° 93+8.33° 97+462° 100° 100° 100°
Lambda-
Pyrethroids 1.658 76+6.93° 93+6.11° 97+231° 100° 100° 100°
cyhalotrin
Clothianidin Neonicotinoids 0.766 81+231% 100° 100° 100° 100° 100°
Ethiprole Phenylpyrazoles  12.929 1M1+462° 53+36.30° 60+3555% 75+34.02° 76+3487° 77+3585°
Profenofos ~ Organophosphate  7.086 13£1222° 56+8° 75+6.11%° 100° 100° 100°
Prothiofos Organophosphate  14.656 4+4° 13+6.11°  61+6.11% 75+833°  83x16.17° 84+16°
Triazophos Organophosphate  15.163 5+462° 20+8° 51+2344° 79+36.95° 79+3695° 79+36.95°
CV (%) 16.7 215 204 20.2 20.8 20.7

' Means within the same column follow by different letters showed significantly different between treatments by DMRT test
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Abstract: The study of the classification of raising meat goat in the farming systems in Satun province aimed
to 1) classify of raising meat goat agricultural household farming systems, 2) study on cost analysis and
benefits, and 3) create a farming system model for households raising meat goats. Structured interviews
were used for data collection for the sample group of 118 households raising meat goats Also, OLYMPE
was used for the analysis of the economic model with the sample group of 20 households. From the results
it was found that raising goat meat in the farming systems could be classified into four types. In terms of
cost analysis and benefits in 2018, it was found that the margin (the profit excluded variable cost) of raising
goats ranged around 1,182.70 - 2,316.67 Baht per Head, the margin of plantation ranged around 11,275.36 -
19,929.60 Baht per Rai. Considering the whole farming system, it was found that raising meat goat along
with rubber trees and oil palm farming system (G,) was an interesting farming system with higher benefits
than the other farming systems. Factors that caused different benefits were operation cost, production quantity,
production value, and production management as well as marketing. The suggestion of farming system
development is the agricultural household should focus on adaption to reduce cost and increase incomes
in order to reduce the risk of production that will lead to the target of production under the current

circumstance.

Keywords: Classification, raising meat goat, farming system
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Figure 1. The comparative cost and benefits from meat goat raising in 2018
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Figure 2. The comparative cost and benefits from plant cultivation in 2018
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Table 1. On - farm margin origin per farm type (2018)
Meat goat Rubber Oil palm Total
Type Margin % Margin % Margin % Margin %

(Baht/Year) M

(Baht/Year) >M

(Baht/Year) M (Baht/Year) M

G, 374,600 100 0 0.00
G, 35,481 15.11 199,296 84.89
G, 44,453 2517 0 0.00
G, 69,500 21.89 149,849 47.19

0 0.00 374,600 100

0 0.00 234,777 100
132,190 65.73 176,643 100
98,209  30.93 317,558 100
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Table 2. The productivity of farming system in 2018
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Type
Main factors
G, G, G, G,
Total cultivation area (Rai) 2 10 10 22
The total main family labours (Person) 2 2 2 2
Gross income (Baht) 105,116 232,147 168,543 310,388
Net Profit (Baht) 52,557.75 11,607.35 8,427.15 7,054.27
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Figure 3. Margin of raising only meat goat farming system (G1)
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Figure 4. Margin of raising meat goat along with rubber trees farming system (G2)
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Figure 6. Margin of raising meat goat along with rubber trees and oil palm farming system (G4)
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