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Suitability of Egg Laying Media and Egg Collecting Techniques

for House Cricket Farming
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Jiraphat Tasee, Piyawan Suttiprapan and Jiraporn Kulsarin’
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Department of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
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(Received: 7 April 2022; Accepted: 6 January 2023)

Abstract: The house cricket, Acheta domesticus (Linnaeus) is a highly nutritious insect. It has a short life
cycle and can increase its population quickly. This research aimed to determine the egg laying capability,
the suitable egg laying media, the appropriate moisture content of media for egg laying, and the hatching
rates of the house crickets. The result revealed that the house crickets laid more eggs in the nighttime
(1,059 eggs) than in the daytime (688 eggs). The total number of eggs during its lifespan was 1,795 eggs.
Number of eggs on different egg collecting periods of house crickets between every day period
(egg collecting period 9 times) and every other day period (egg collecting period 5 times) were collected
during 9 days on coconut coir media. It was found that there were no significant difference in the numbers
of eggs laid, 856 and 867 eggs/cricket respectively. The study on different types of egg laying media: peat
moss, vermiculite, coconut coir and burnt rice husk revealed that peat moss was the most suitable egg
laying media among the others (P < 0.05) yielding 38.75+1.32, 31.97 £1.62, 22.12+2.13 and 7.17 +1.81
percent, respectively. Moisture content of peat moss at different percentages was used 10, 20, 30, 40, 50,
60 and 70 percent. The result showed that the moisture content at 50 percent in peat moss provided the

maximum average eggs laid for 35.18+1.51 percent and more than 95 percent of the hatching rate.

Keywords: House cricket, Acheta domesticus, oviposition, egg laying media, moisture
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AuaRL waziilewFeuFaunisneldluinueaiiszduaaud 10, 20, 30, 40, 50, 60 uaz 70 wlafifus
Wudn fnuead 50 wWefidus Aduidnsinisndliaiageqn 35.18 + 1.51 wesidus waziishsnisin

aana N 41NN 90 wasifus

ARNATY: AT Acheta domesticus NN3aalal dananglel AN

UNU

Tull w.A. 2559 A9ANTTANMITUAZINERT

wgaul s8R (FAO) $189 U@ n1n19al

mﬂnmLm@ummwm‘lﬁ@ﬂﬁLLquﬁNQuLLN%u
"ﬁﬂﬂﬂ&m‘m’]ﬂﬁlN%u?l‘ﬂ\‘iﬂi‘xﬁ]"lﬂ?LL@Z@ﬂ’]QZIZ\mS‘Jﬂu
AMTAguN ALl ue 1Al LI n1ean
Tyminisaauaauaiuisluaunaals (Halloran
et al., 2017) Aevdafuunasiuly (Edible insects)
afiaviien BAnan vl sivaeslszainalan
dusudlszmalna WA UIN19LE R aIn LR e
duunasdrAyniaasegia 3 @qmuummmam
miﬂ{]‘ummqmimwmwmmmw\lwmwm
(NN, 8202-2560) (National Bureau of Agricultural
Commodity and Food Standards, 2017) L‘Wlﬂ vil 1
mmgmmmﬁmﬁw’?mﬁﬁQmmw‘Lumm’%Tnm
uazdsaanmeyszimalugy BRI R L IETER
LL@:ﬂwLLﬂagﬂ%\m‘?mLﬂumamﬁmm‘ﬁm ° (Smanmit,
2002) Tudszmalna Aeudavavun 24 180
(Pongpiriyakit, 2004) Tnevitlumini ld5unnsuses
mﬂmm‘ﬁmm@ﬂgumm\m’m‘mwmmmmmu
WAfuaavsa uasifuafinineasnsdauiae

Lﬂum%wm?um%wawiﬁ (Chuamuangphan
et al., 2007) FRRIMIATNUVERAMIAAYAS Acheta
domesticus (Linnaeus) Psrvaznisia ?ty Ay le
45 - 60 Fu AguFamnALlle 1/ @arunsnanale
1,200 - 1,800 Wa4 (Khunthong, 2018) Aaraanadle
Fuanslinseannldfuntsnaniug 3 -5 5u G
dfmqw”l,ﬂﬁmr;Jmmsﬁmqwmmmhlffﬁﬁ”farifau
ﬁﬂuﬂ%mﬂ“ﬂ%\m?m (Hanboonsong and Durst,
2020) Tnavialdlunnsnldaaiannensnainld
AUNTIY AUFIULUNIIE AUTIUNANYLN TN
YNNI UAZIBEA NTAUNATLNN Wan 1
IM‘HNLW@IM@QM?QQWQVLﬂJ Srisa-ard and Wannapho,
2014) i mmmwﬂfammmwhummma-
@mBrmuwmhmmm‘lmzmummn alnesinlil
liRau3ngadauinlé 60 - 120 Wefidus 1a.
snwinlausn 3w LL&imnmm%umﬁmewz
liwmuizanaianalwliaauiade (Masaki and
Walker, 1987) wazldgarusadnidusiqsawls
Fariy n13RnHIAINa N7 lUN797910 uay
mﬁﬂfimmwiﬁmmmu ARBAALAINNEUT
WaNzaNfasnIIni1saneladuazni1swnldan
Aevtatiiu Aaflanusfuuazdr Ay egneg e



ANNANzANeRITERNelduazInAaTan gyl
lunisiaaeqansnLing

TUAIIWABINITLALNAINTAL Y WD LT WA
drAtymaiAssgiastel

L4 aq
aUnsaluazinnis

punsAn ludouneungEnIAN
DuRaudamian w.e. 2562 o l3eFaudjuisnag
a1973 1N anen nadrnganauazlsaig Az
NEATANERT NINe el

NSLASENNNSAINSLNISANEN
= : a v o |: a v

naERENAIATIW U1 LR 9Fatiuann
Wrsunldfddszdfiniainlonszuinluaansnves

v A X S o o o . X
NEAINIALIRTA ludndnd sl mnziaes
AunsivaszatudgrrurAadaudan 8 uie
svazidenn AnuannAuazinAl e ANaNy 0]
wiausa uaziAandasly uennasaang LleAwIn
tuaenasudngezazaafndoasdnuenldly
nanaaessiall

1. ngAnIN1s9ld uazdaaaanlunnsg-
slarasasus ainu
1.1 Anwanisanslanaananygdelaain

aevEa-tuncunisaenaLdgaaLinaIu 1 ¢

Jue 50 91 TETUNABINNZIAENIUIANANG X 8119 X

De

1l
449 : 18 x 26 x 10 LTURINAT Fmaneniauy Win
DIABINNT WAZNABINANARNANMIUIN I (AU
UBIYUNENTIT 1.6 LTURLNAT) TUIANTIA X 8719 X
49 :5x 7 x 3 guiuns Wawdatiiuansld 24
Falug r;”\uwiffmun%@ﬂmmﬁ%}jiwzﬁmﬁuiﬂ
@um‘:ﬁwmmﬂﬁﬂ Imﬂﬁ’]ﬂﬁﬂﬂgﬂu’f@ﬂ’]%‘l“
Av3aduaz 2 A% lui9an 08.00 1. kAT 20.00 1.
wenldasviaeenaindagansls Tuiinsquould
Avdatugndu

1.2 n1adnmarzaziaanlunisanglad
mmmuﬁffmqﬂimm’lﬁ@@mmeuiuma‘ﬁu
ldaavidn TneuBeudieunisiulayndusunisdu

Tadusudu Tnannsiiuladyndu vinnasanedanansla

Tuan 20.00 w. udatiudanaeldeanlunan 08.00
w. nnduiuscazioan 9 Ju (Avulddiuan 9 m;\a)
Tuanisiinafiuldsudusuianisneiagandld
Tuduusnioan 20.00 u. uaaiudanansldeanlu
19&1 08.00 u. udaiuszez1d 1 du (ldlddananslaly
m\'@uﬁm) wARANLILNN AR (AUl Ty
S 19m 5 At lugzeziaan 9 JU) AU 4 41 AINNN3-
WReauieunisiivlins 2 sUuuuustdnaaiatig
aunsaanelaldvndu uiluaniw uandewdilad
fanansldvnldaeuiaiuiingfinsunisazas
n1391919 ananyAgudnesiy in1sAnmlaein
'f?i”w?mﬁmﬁmummfaﬂmmL%@J’i:mﬁmﬁwfﬂ
WALE 5 A9 LN 5 A Idlundesnzidasun
N919 X 819 X §4: 36 x 36 x 22 Ll uRNAT n1eluy
naeuAtefinTur Wemsuazrie3d i wasann
IR wiatunaniufidunan 5 54 dvnanaes
wanaRng Il ANd1e x 819 X g9 7 x 10 x
5 LUFALNAT (ANNILNLDIYENTNINY 1.6 LEURLINAT)
lunaeides Tufinuanisinetaefiudediala
‘Liusluﬂ@'mﬂquﬁqmﬁ’uﬁaaﬁ"ﬂwﬂmwﬂgmwif?ﬁ
quvgiveaduinan 24 - 36 G2l Aauanldean
andananslitufindruausnaeslinaviariu
flgannniafuldnndu uazninfulifuiudy
vsruausandawiatius 2 sUuuudiaszing
N1940R A2e3T Paired Samples t-test

2. m'a‘ﬁnmqjﬁmmm%’aqmﬂﬂﬁmmmu
ransnslauasinlirasiadatiu
hawdatumafuazmddlefiaanasy
dngazazdafuianisluszazinan 24 Falus
Aadenawiaruiidaneoe auysel aunnlg
wiause dals ludamdauaniammieseadvin
WAE 11 AN 80 Fin ldlunaennaeeauln
36 x 36 x 22 iTuR wAs MelunaeuaneilnTus
Iamsuasvieddd i wasannliawiatiu
HANAUEITIWNAT 5 51U A9 NABINAARNA UL
219l 9u1AN319 x 819 X §9: 7 x 10 X 5 LIURALNAST
flussasanansldfiuansineriu 4 nssuds nesuisas



M5A19NEAT 39(1): 1 - 10 (2566)

41 THun unauLen qaNsniig Anues uay
Lqmm"l,mn mmm’mh Imﬂm?mmmwhm 4
900 FHANTIAZaN NS 1 11@1%:1’1%14 1 H
AU TENA L 1.6 U AT W ReIATY
neldduay 1 A5 AS9ay 15 99lue d919a1 17.00 -
08.00 1. waziiunnuanisAnu Inefusaatingla
Unlunassaguatadiiveine A umue191dn
grunnieduinan 24 - 36 alue Anuenldean
o ] o K o |Qsj G v dl ¥
andanaele Tuiinanuaulidwzaiunlaain
Janlalu 4 nasnds
Y e 2 A A o Y
Ut R 9uTA T uN I UN1TTL WA
Tuwiazngsnds wenifusnwnseundlunaas
wanaannNlla 119ldnguuniiies iunan 10
o ~ ¥ o LS A v |
Fu e lddeeuaesasniatruinaanann’l
o o L A e o yal
Tuauauaszatuszazusnwnludannalan
WANFANNAY 4 1A N1TINUEUNITNARBILL LGS

anysnd (CRD) uazl/sauiisuanuousodaui le

838 Least Significant Difference (LSD)

3. msﬁn‘l:nNammmﬂu%?u'i'ﬂmwhi Aa
manslduazinldvasaaiiniu

yiannsAnusnavintumAduazinede

ﬁa@ﬂm’mLﬁﬂ@;izﬂxﬁqLﬁmfﬂmﬂmw:wm 24

o o A L A e Aa o P
dqlue IngAnaanaanzatnu NHANEMe anysl

unalug) uinse uazdasle ludnandouaanina
WAL EARAIUTALWAL 1: 1 A1UIU9H 100 69
141UNa0INARBITUIA 36 X 36 X 22 LTURLNAT
1 ‘di/ a % 1 aala 2/%’
nelunaeaasetnfgus eI shaz e N 1F1N
o 9;;/ = v o & o =<
uasan iR gzt unanAugwegan 5 31 a9
naaswanaang usuangldauiandne x 19 x g4 :
7x10 x5 iumwng nneluussqdananaladu
AYIRHALAZIAUAILATUNTITUIAANTLAUIA
250 TuAsan uaziIuNIsaLANFauRItBa AN TaU
(hot air oven) Nigoun)i 50 asAaaLda 4 1uan
48 Falus aanuutdananeldnanuiazenive
USUAINNTUIAR ANTULANF AW HIUNA 7
N99N3%3 N7NATaz 4 491 lawn 10, 20, 30, 40, 50,
60 waz 70 wWafidus Inaussqiananelausazaiin

W Anumuezanns 1.6 uAwns Waaiatiy
1eladuas 1 a%a iflnan 15 $alis daaiaan 17.00 -
08.00 U. uaziuinuansAnen Tneniusaesngldls
sl,un@'@\mqmﬁwﬁﬂLﬁ@%ﬂiﬂmqm%mwii’ﬁ
gounndveiungn 24 - 36 dalus Aauanldean
andananele tTufindruawldaaviatiu ldann
FananalaRf AN TuuAn ey 7 n33nAa

ANt 1A a3 AT LT HA1N L LA
TuLAAZNI9AE LaNALF N vieti gAY
lundeswanainiadaile a19ligmugfifes
fuaan 10 5 e lifadauaasaentatiuin
aanannld Sus1uauAEIaTiusTe LI i
Fananelifpaud uBuAuLAnsnetY 7 nssnas
N129 1R UNIINARBILLLENANY ] (CRD) UaL
Wlaufausiuaudisaufild #2633 Least
Significant Difference (LSD)

NANISANEIWAZIANGT L

ANHUZUASNANTTNNTHANNUEIDIRAIUT ALY
g a 9 A o =
AanTatruiledNneentdusadaud

JUINANHUEAREARITUAINT AT TUAD ALY

o S a4 Y A A A

AdauLasA Ui ananauATIY 7 d6uln

(wing pads)ﬂi’mgmuu@ﬂwm mm‘lmmﬂﬂ

L?ﬂﬂmmmvmumnﬂlum (Figure 1a) ileaavin

mui:mﬂﬂimy@faﬂmmmﬂqi:mmmma

(Figure 1b) @a1u1faueninAredasusalaeld

o = A 1 o 1 =

anmaizni1siuselddedaazanaldaaanmi e

dsngeanula (Huber et al, 1998) IneRau3n

vala 1 2 1 d‘ Y o v a al =®

wAag R nguinduineldvialWinandam g nine

a Qy = = a a 1 v = = o

We Asnsamal el dnguinFauuasiaduoy

alegnaunanmasedndveanuianndauies

NNINANNUGAITANANE ua T80z AUW 91N

wed liiudisesund@elusawaile (Figure 1c)

o :l/ ao' d’lj EZ v (% = ¥
UAIRNTUUITe0anARHaad wadFAH old
a I - A Al v o &

UBLQIUNTATS AWTANALE BN I TN INANALS

uaaldadenzanelaiunsaslilluianansla (Figure 1d)

Waqnald



ANNANzANeRITERNelduazInAaTan gyl
lunisiaaeqansnLing

(Linnaeus)

1. n1gAn®In19219lauazga9taalu
manslirasaadainu
1.1 marwldresaawidathusausidngsraz
ﬁQLﬁumeuummqﬂTﬂLﬂua:ﬂzmmmﬁlﬂ 47 U
fiaruanlaieds 1,795 Wesrasa fn1sanelaly
199198 NA19AY (1987 20.00 - 08.00 1.) HA1UIU
Ti1aae 1,059 Wav %qqaﬂdﬂLq@ﬁnﬂwaﬁu (11|
08.00 - 20.00 1) Aiflauanlaiads 688 Waa Inany
ldresaaintnuludanansldndiannasviatin
aenasufudfudeld 6 5u dediauauld L’ilalil
ABUT19g4 (48 Wfa\wifaﬁq) (Flgure 2) ummnuu
Sruauldiedaa09awiatuilianas uasindy
saunalafinngan9ldlunnetaenan denndasiy
marwliresaawinadingu 1 wu Gryllus texensis,
Teleogryllus commodus Wag Gryllus bimaculatus
(Jansom, 2020; Shoemaker et al., 2006; Sturm, 2010)
LAZEANNNAR ARSI ENIINIA TN ITANEN297
?ay\m?‘mL?:umamﬁuq’wﬁwﬁﬂmﬂmmtﬂuﬁmﬁm’fﬂ
Uszunnd 3- 59U InengAnssun1TNaNW U84
Awidn A AodamAdiduaddnldifede e
L?‘ﬂn??w?‘mwaﬂLﬁﬂm’hmmuﬁuﬁfimﬁ”qﬁmﬁ
mimuwuﬁmwmwn 7 2-34Un19i naenng
n1391910 AavFam Al aazFuanelandeann
HANNUTUAY 3 - 4 Ju (MasaanAsULTuAdANdE
8- 10 1) (Ek-amnuay, 2013) tag (Khunthong, 2018)

Figure 1. The 7" stage nymph (a), Molting (b) Mating (c) and Egg laying (d) of house cricket, Acheta domestlcus
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Figure 2. The fecundity rate of female house cricket adult in insectary during day, night and all day
(temperature at 28.56 ‘C and 70.00 %RH)
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Figure 3. The number of house cricket, Acheta domesticus (Linnaeus) collecting in every day period

versus collecting every other day period. (29.62 “C, 72.83 %RH)

Table 1.Total number of the house cricket, Acheta domesticus (Linnaeus) collecting in every day period
versus collecting every other day period (29.62 C, 72.83 %RH)

Collecting pattern (eggs) Mean S.D. df t p
Collecting every day period 855.5 36.23 3 -0.52 0.63
Collecting every other day period 866.5 18.41

Using a paired t-test to compare the average number of house cricket eggs
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Figure 4. Characteristics of different egg laying media and number of eggs of house cricket, Acheta

domesticus (Linnaeus); Burnt rice husk (a), Coconut husks (b), Peat moss (c), Vermiculite (d)
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Table 2. The average egg number and hatching rate of house crickets Acheta domesticus (Linnaeus) eggs

laid in different egg laying media

Egg laying media type

Average egg number' (%)

Hatching rate’ (%)

Burnt rice husk 717 +1.81° 96.39 + 3.93°
Coconut coir 2212 £2.13° 97.35  1.22°
Peat moss 38.75 + 1.32° 96.76 + 1.37°
Vermiculite 31.97 + 1.62° 97.64 £+ 1.77°
CV (%) 0.78 3.61

" Means followed by the same letter within a column are not significantly different according to LSD test (P <0.05)
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Table 3. The average egg number and hatching rate of house crickets, Acheta domesticus (Linnaeus)

comparing among different moisture contents of peat moss

Egg laying media moisture (%)

Average egg number (%)

Hatching rate (%)

10 0.12+0.03° 0.00£0.00'
20 1.46+0.36° 6.64+3.15°
30 7.69+1.09° 29.30+3.00°
40 24.37+1.43° 86.20+4.29°
50 35.18+1.51° 96.35+0.19°
60 29.31+2.59" 89.45+1.59°
70 1.86+0.63° 64.65+4.00°
CV (%) 1.99 415

' Means followed by the same letter within a column are not significantly different according to LSD test (P< 0.05)
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Abstract: The coffee bean weevil, Araecerus fasciculatus (Coleoptera: Anthribidae), is an important insect
pest of Arabica and Robusta coffee green bean during storage which caused unacceptable damage
affected to coffee bean standards. In experiment 1, the radio frequency efficacy (RF) at 27.12 MHz was
examined for controlling coffee bean weevil in Arabica green bean using 55 'C for 90 seconds on the egaq,
larval, pupal, and adult stages. The result showed that adult mortality was the least (46.43 + 1.82 %) and
significantly different (P < 0.05) to those mortalities of egg (100 %), larval (100 %) and pupal (97.35 + 0.83 %)
stages, respectively. So, in the adult stage, the coffee bean weevil was the most tolerant to RF heat treatment.
In experiment 2, the combination of RF heat treatments at 55, 60, 65 and 70 °C for 60, 90, 120 and 150
seconds (16 treatments) were treated on the adult of coffee bean weevil infested on green bean. No RF-
treatment was set as the untreated control in each stage. The result revealed that adults exposed to 70 'C for
60 seconds caused 100 % mortality and there was no progeny production. On the treatment with RF at 60 C
for 150 seconds and at 65 and 70 ‘C for 60, 90, 120 and 150 seconds, the surviving adults exposed to RF

heat treatments could not produce their progeny production.

Keywords: Coffee bean weevil, radio frequency, green bean coffee, heat treatment
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UNARED: ANWAANTWIN Araecerus fasciculatus (Coleoptera: Anthribidae) AAL LU A ﬁmgﬂ’]LLWﬁﬁ’] ATy
LﬁﬁﬁﬁmmuﬁmmLml@”mﬁmu@ﬁa‘ﬁmm’lmvmwmﬂﬁm*ﬂm wazynlinananasniuwidavne il
NIATFIN miwmMNmqmﬂumﬂmmumwmm (radio frequency, RF) pruAnFaAan U
nunazaiing lumemaaesdi 1 mmu‘lmmummmm 27.12 MHz gruun# 55 89ANLIALTHE 5381941
90 Auinusamaanunluszazla wuau Anus uavdainde wudn AoamaanIunszazAANIaENNIAe
ﬁ'ﬂﬂﬁ@mﬁ’]ﬁu 46.43 + 1.82 1Wafidus uansa19lTud1ATYNINAnH (P < 0.05) anszezll vuau uaz
fnus efinnsAnewinfu 100.00, 100.00 ua 97.35 + 0.83 iwlefidiud mudidu Faiudaandaniunszey
ﬁTf;Lﬁué’ﬂLﬂu?zﬂz?{wumuﬁi@ﬂwﬂquQurﬁfmmﬂﬁwﬁqmuﬂ?{ummﬁﬁmmnﬁzgm lumsmaaesi 29
mi‘mmmfaﬂ%ﬂ?ﬁumm?{%ﬂumimuQuﬁq\im@“mmuﬂmzmﬁmﬁufﬂ ﬁdluﬂuiwxﬁwumuﬁzgm luszsiy
frUng 55, 60, 65 Az 70 asA@ariea Wuan 60, 90, 120 waz 150 AW (16 N99uAD) uaznlFauma Uiy
ﬁ;mmuquﬁiﬂmumﬁumm?ﬁm WU ﬂﬁumm?ﬁmﬁfqmﬂmﬁ 70 B9AIATEA 92821981 60 AU ANNNTT
vinAsamaanunszaziaindanaatiieanysnl (100 wafidus) uas Tianunsalifugn (F) doulunssuds
fdpAunuiingiigomnil 60 asrnimaidea szazinan 150 Wil wasiisziuatnian 65 uaz 70 asrniTaiiea
\uaan 60, 90, 120 uAZ150 WA WuIn ﬁ%qLuﬁmmLLW?{@@mmﬂmizﬁ"us‘fmﬁluﬁmﬁqm’mﬁmmw”Lu'muuusm’
Tlansnsnlifugnlaluansniun

ARNATY: ArauaAN U AALAYINTIANE @1snaun nsldaanFeu

AU wan i (Hypothenemus hampei) I $as1as 5 neimaa
wazlaiiiu 2 gandaniuninean TnelnAuganum
nuniduitmeiesiuitonetnndeene wediinisgnud uasiiufisadaaiion (atauia
luilaqiin uardadunairswy ﬁ@ﬁdﬂﬁa&l Office of nuAug) siell uaziinananunldnaant niaiy
Agricultural Economics (2021) Ifsenunandnues  Snmniu Seflsrazinansnaun wasdngidndy
Awalstiam (Coffea canephora) hazaz31iinn ANUEYNaNs N sEMANnN9 LS NEN Aadad
(Coffea arabica L.) ﬁﬂ@.ﬂiuﬂﬁzmﬂimﬁmmam wEAN UEd ane R Eantunezadniuay
dszanms 21,773 6w waiduanaiuglsianad  Taifasn wnasriaiinanewdnlfidenigann
nanARdszanns 12,682 fiu Sunasfiddyaglu ﬁr'miaﬂﬂ’]iﬁuﬁﬂﬁm@mamﬁuvbiLﬂuvl,ﬂmmnmgm
e taun guns szues uazqaugfonfi dow equanniunersniing Ine National Bureau of
anaugaysdnduananilszuin 9,090 sy lag Agricultural Commodity and Food Standards (2018)
LLquﬂqﬂﬁzﬁﬁﬁm@ﬂﬂummmﬁﬂ Wil AniATeNe 72191 Luﬁmmwal‘ﬁliﬁ”mmgmrﬁ’fmiﬂwuémi@ﬂ
dealud a11dne uazusidesanu @qﬂmmﬁ'ﬁm NSVIANLANALNAAN TN
v linunezain i uanananad Hesanann Aaamaan L (coffee bean weevil), Araecerus
an ATt sieau uazdanuiyuinisiiansaag fasciculatus (Coleoptera: Anthribidae) i eaaldl
TfrmLL@:LLmqﬁ"mgmwaluvﬁzuwv'i%ﬂuuﬂmﬂqﬂwﬁq duresiien dneuznans douiauazined
TALNANAR AININUTNIATTIRAMAINNER  Anwzuu duANTemaladafumaniidug
nuezsniinies National Bureau of Agricultural  a1nyuanslauasl pgfanarnwilen ievueuin
Commodity and Food Standards (2018) aau 511 aananle arAsuazasiulnnialuwanniun
HN19NUZAINNINENIA18AINUNAIAD NaALAE M@T\imn@@nmmm%qmﬁm WNITazANUALNAY
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% I ) I a ala
miﬂfmqumamaﬂmuw (Araecerus fasciculatus) ALAFUAINAINE

anfuagnieluinan demsuinuunieuniy
AANTE AUHAANILNEaNAININEAR u?mmﬁgﬂ
Aaluglaunnminafaaaunas (Kengkanpanich
et al., 2018) Wintgens (2004) $189 1UI1A N A A

nunAEAuTnluadaniud wodn szazla’ld

A1 5-7 94 srasuuauldionn 46 - 66 TU 9ra
FNWA LR8N 6 - 9 Ju azszaznaunimneld 4 - 5
Fu 18999973 nraedaaanun faur sza<la
aunaAANde1d0an 61 - 87 Ju Aaaudanuw
Lﬂuﬁmg‘ﬁ WvnatwaaNTuataaiandanisg-
FuAen i s aivanafuineniiaaudems
Wuageunn wanannunasazidiniane Inld was
nunuae degunsadinatenananldanuans
giin @ ayan Tudndeuss dadas uazuzazne
1 uF U (Caasi-Lit and Lit, 2011; Eduku et al., 2018;
Wu et al., 2011) BANANTINLTN g unsaLd¥inae
nsedanlulsaiy Ineszazuuaunanunfe luia
nezieuninsyifanela (Chaisri and Suttiprapan,
2015) 'f-ﬁqﬁﬂﬁlﬂuuﬁﬂmmmﬁmg‘ﬁ'dﬁﬁa&mw
wisgnalulsaAunanan
TunstTasiuniansaauaaniun luszuang
nausinE n1sldansnidpunaslaanissuaag

NaaWu 1wun195nwIANarannlsaiy aunsal

LaziAzeailalrraaldmng I dn19szunaanaliy
a1 muﬂmmwmmmm”mmmmmmmm
wazn1sldA NFaun19n LN ad (Kengkanpanich

et al,, 2018) Tuilaqiiunudn Heuddenaaiunisld

Wzﬁ"\ﬂ\muﬁﬁumwﬁﬁm (radio frequency, RF)
Lw'am@mﬂmwmw I TUNANBAUAINIA LR e
LLWium%‘JN’mﬂJu (Mitcham et al., 2004; Wang et al.,
2003, 2010; Wang and Tang, 2004) aﬂ%\‘iffx‘iwudﬁ
mﬂfm@m‘wmlumamm@@ﬂuuﬂivmwﬁmw

P

mu@ﬂﬂmumm”mqmﬂummm‘wmmmi‘wmmu
EINEY mmzﬁ”uwuﬁmmwmmmlum?@mu

B

Wzi”\imuﬁﬂ?{umm?ﬁqulﬁ’lﬂLL@zizoﬁvmmﬂqmuqﬁ
Tudouaesnanan uaniuialscdnininaes
AEnsAauauARgRTdaansldAduAL TNy B
Wunradenlunisaauauuaasdnglulsaiu an
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JoynnansznuainatsiainiunensanAelu
Auwanans
pauANDINY uaduwsuaninin
NAND g lug29951919 3 kHz - 300 MHz @91
da o da e v o
pauAIIND ANy AN Uszensldag Aan
AN D YT 13.56, 2712 La e 40.68 MHz
(Ling et al., 2015) TuntansinemslaiiAauAINND
IngunldlunisasuanusasAnglsaiu daiu
.y A 4 oa .
nisldaanfauniinanaduusinannindu
avimeudandluduluiana seniianisazan

WasULAs N NI asguun R U

'

2819397139 (Jojo and Mahendran, 2013; Nelson,
1973) ﬂﬁlumw?ﬁmmﬁﬁmid’mmmw%’@ﬂm
N19N1 (convection heating) tinan AN LA
AT WNTN LﬁﬁMﬂ’]ﬂI‘LALﬁfafTﬁlq (Pornchalurmpong
and Rattanapanone, 2016) @?;I'Nﬁ";ﬂL?’JLL@::&ﬁWL@N@
fuavilduuasmne o sefugouvnfifiuansinefuly
muﬁﬁﬂ@ﬁ”ﬂ?{uﬁmu?ﬁwqﬁﬁﬁmLLm\i@Tﬁlg
Tsafufineaayuludszimnalng wudaildnaninly
nM3ALANNguUN AR AR un e e
lown wamiatlan (Rhyzopertha dominica) (Sumetha,
2009) 2949299419 (Sitophilus oryzae) (Wangspa
et al., 2015) A19999112 N A (Sitophilus zeamais)
(Faikrajaypuan et al., 2011) W@ “dad1aulden
(Sitotroga cerealella) (Buapud et al., 2012) RipAN
TunauannIun 39uaan1un uiagnsnum
(green bean) llﬂ‘l/‘l‘]_lLLQJ@\‘Iﬂm‘ﬂ’WLLW@’mLLﬂ@\‘mmVL‘JJ
SWIaNALIAEN AU EALAZNILTLENE
Aun wemrrznantun (H. hampei) luanigewsng
salduunaiidndnyuazunsnszanglufuansniun
dievnnnsaudenananniun s *| (Jaramillo
et al, 2010) lunnsindauanazuaniun Aaall
AUNT3IUAY (Pan et al., 2012) ﬁfmmﬁ'ummﬁﬁwqﬁ
A guNQH 48 asAmaldea Uszunny 10 wad
WUIN @mmwmmmimwalfﬂ’m\m%ilu@mwﬁ
aansuld Wisnausunislianfewiieindaua
flsziugnugfidearu wazldinaiunnngd 237 und
atelsfayanisidaanieuainaduaauiang
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lﬂl o v =3 o v
Wneaaftusmaanunluasnundanudeaninlu
d’jd A o ¥ dl
nnaaeslasildngszasAiunimagayldanan
ANDANgAYLANASNAANUN Tua TN UK

d aa
AUnTaluazInNg

. . - .
NISLNIZLAENLASLATENAINAANLW LN L L1
NSNAARY
W Na1sn 1w Usrnnns 200 n5u ldlu
NADILALILNAITUIA 15 x 21 X 6 LTHURHAT NElN
naedanrlafe RNt AN HuLa A9 g
Iy I i 2 A =
PR9AINNAANTWN (A, fasciculatus) TINNITLALU
faaet NN T A LINAANTWN TR A TN T 1
WU e nenasazin Sandmdealud unldlu
NABILALIWNAIA1UIY 100 Aa Yaeslddsyunn
o dll Y oo = 1 ;’.’, o [~3 d‘
5 5u e il eqn9ld annTulmannwn @
a 1 v [~3 dl o (=3 o 3
Fldueadrauanniun Auandalfindeaanuan
Ui ungunnides (28 -32 asA1gaLTaa)
ANNTURNANTUsENU 75 e fidus ivaanaas
A AUN18lAdaN192 130U TDAUNTEITIN R WA
WIUTZ e NUaU FEaTANLA wazfmNTaldan
1328104 50 - 87 SUANNTUNINTAALENAQILNA A
nundafindendengladifiu 2 ddasfinunldlu
NNINARD

mafFaufauszaznsiasuiiulnrainianan
nunnumusanisldAfuANnINg
MSLASEANALNA AN NSz lal
danupauuanniunaamndey Uszuny
100 519 alua9nTua At IUNAITILTI@TNIUN
W unIsenitls i laalans i as
a19ladluan 5 4 annduseusafindeean way
o d‘d 1 2 =3
Aauend1snIwnAt N1l aa9a991a AN wNW
lavinnisdauannialindesqanssadanaiie
° @ Aoy =2 Ao aa
Uana1In N ARl Feasdianwouziuga o
wann I Tunagaeu Insng1sn uN NN AN E R
A iENannszazlal 30 9 (30 Wan) ldaaniTue
WWaaUULI 0.5 IUFLNAT JUNIINTEUBNIUIALEY
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HUAUENANG 16 IUFALNAT WATE 5 U AT
u39qa19nun 400 N Wnatindaeuruagiifien
ﬁf}"[ﬂmuﬂ?{umm?ﬁm TnenesaeriniinpauAsNg
?m?_qlﬂlﬁ’@ Sairem 1§u1lgalael Institute of Agriculture
Engineering, University of Gottingen, Germany ﬁ
27.12 MHz guny 55 asAgaiiaa unan 90
317 anTuinga s La A A an U
dunasaasing 7 iuligmumniive (28 - 32 asn
walFag) ANTUR NS snnny 75 wlefius
Tnelfuan naaududasansazansinaelnfey-
a8 lsRBN NN SR EN N UNTI R unaas el
Sl llsuannuFeuanaduaudany Wuge
ATLIAN masanTuRmaLNIANe e adsve sl
Taatsziiuannuuasfisendaauseanniiuaay
A Tang Wuinan 49 fu udnideyadldiuan
PIENIINIAY ANNA1UWIBLNAS (12) f’fwmﬁﬂ@u
FotduauuNasfisan Auansiuile sl
n1IAne MINWLNIANe U AAILAN UINIATUIDL
wefidusnisnielneld Abbott's formula (Abbott,
1925) AlAsziiA1ANLl U 9IUTRY BRTINITANE
PBIULNAY LAZILTELALUANNUANATIALEAT least
significant difference (LSD)
MSLATENAUNAANTLNTEHEUUDY ANUE
WAAILANIE
NIN1NARBUAUAMMNAAN WA TUTz e
NUBU ANLA Lazdafnde lnaAnlaenunas
r%iuwiiwzuwau Fnud nasanuuasnela
1981 28 - 32 FU A% 53 - 54 11 ANNAIAL AALABN
WERE TN U AT LN aes Tz ue Y LaEAnLE
AINNIEUNATRENIAUUINAAAINIWA AU
3069 (LNAM) Tdnfouiuimdnaisniundnan
seAUAMNTULAR 16 1Wafifusl aunL 400 n3Y
waztdn il unduaauiang vaduiR safuty
veielal
Tuszeziafusy 14dandaniuniiean
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% I ) I a ala
ﬂ’l'iﬂ’mﬁluﬂ'mmaﬂnﬁu,ﬂ (Araecerus fasciculatus) AILANUAIINIINE

AANTERBNAINNAAAIUAZLNTITOULIUIA
30HaRWAT Uraaaanniwl 30 /9 ldsaudu
2170w 400 NFN WwREATUAUNIINATANAGAL
U seazld Muen uazAnwA NNszaznIaastyFuls
HgAAILANYNITYL NIN1INAADY 4 11 Undaya
' PRIy a I's
AvsangaasnNadlunAazszasn e llamsned
ANKLITL99 (analysis of variance) wazidTauiney
ANTNLANFINTAIANIDIRALTATINITANLUDS
wNadLAazszeay Ineds LSD
nsAnEIIA LAz UUD NN uNzaNlY
nﬂsii'ﬂaumﬂuﬁﬁwgﬂumsmuquﬁfmmgm
nMuWluszasnun
o o « 4 4
s anniunluszasinuniungn
MIULANIAINNIINAABILIN AU 30 AR 1U99Iq
TunnruzmnaaunFaniua1sn W UNIH T uARY
AIINDANENAINT 27.12 MHZ Nigounq i 55, 60,
65 WaY 70 BIATAI 4 1WA 60, 90, 120 WAL
a A aal - o ~
150 3UN7 (4 x 4 N9937D) WiFaLaUTUgAAILAND
LI BARUAINDINY INTUNUNITNARBI L
factorial design MN1INARBININNA 4 1 a1NTU
o v« 4. d 4
UNAIUNAANTILN LAZANIN IR UAAUAINND
Ingluguund uazsrazinaising ) wiuinuld
Nauugides ninscaznuniuduszarl scay
NUAL UIATLETANLG NINITATRTLILERITIL AN y|
TUN UMD UTZEEANANTY WADTL AN
Wuluszezingn 7 54 AaIn13m a8l LazAIuan
RNUIUAILNA AN NN ANEAINNITEBARUAINNT
g

o v < a; A 1

Udnudan IwNMaesanaINNITHI
pauANDANg draasluninTuauioussqans-
AN (50 NFN) wazin i ATy 400 NFN waz
MINAULLNAITUNUAINITUAREAIUNAAN LN
Aaindelunan 7 4dad dudnsnismng uas
AUIUALNAANIUNFUGN TiATIzANULL T 391
wAITH U LA NUANGFNIARALERIINNTANE

kY < v aa

PRIFINAANUNALEAT LSD

HANIsN m@muaﬁmirﬁ

ansuzmMalas R ulnrIRIusa anuWLuEs ML

fauuanniun (Figure 1a, b) dladvinane
ansnunnusessesnisvinatein mann uniug
Remedainannisiu Tneszaizuvaasymuinly
WS A Anug v Tuain el de
nun i ndefieananndnud UAININANAUT J
An9nelifRamE antum (@r3nun) Tnanmnaans-
1w (Figure 2a) m@ﬁ?ﬂﬂﬂm@'zﬂﬁ@ﬂ (Figure 2b)
LANANANNINA AR D A2 A AN LN 9le F9Fin
wanlungueuagli Aawdaflnnuseuiuuay
duge Huvazidaauuiomdaniu (Figure 2c) R
nalunininisaizidagansaan woldaessas
wann I (Figure 2d) aginnely defusneued
F1a'13Uszunu a0 28- 32 U uaz 53 - 54 54 Tae
unaalawmun idunuey uazfafinds auansy
(Figure 3) S aRA AN AT S e TRIR S AN
B1AeDY ﬂﬂNQTﬂGLNﬁmﬂWLLWLﬂINN’mﬁu (Figure 3a)
%qﬁuu@u@ﬂ;mﬂu (Figure 3b)
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Figure 2. Arabica green bean coffee: normal green bean shown embryo in the red circle (a), normal

green bean with an embryo ridge with concave surface (b), an egg of coffee bean weevil

(Araecerus fasciculatus) covered with fine dust around the hole in embryo ridge (c) and an egg

of coffee bean weevil after opening the egg hole at the same embryo ridge (d)

Figure 2. An egg hole of coffee bean weevil on green bean (a) and a larva of coffee bean weevil inside

green bean coffee hole (b)

Il a a v [
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TINUNITANY WNAL 100, 100 kAL 97.35 + 0.83
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nunszasafudaiuscasinuniungnsae
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miﬂfmqumamaﬂmuﬂ (Araecerus fasciculatus) ALAFUAINAINE

ﬂ'zﬁ'lumm?if‘imq I TRTCRYCOPT [INLIT CORIPE X
fdayaraud1edas aann1sAnei1a9 Wangspa
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unassEEEUUAWTaAN LA Asiuu iundgumugiige
A luAL AN TN N NTeangn

nsAnaLazau)AuInzanlunsld
pauANdInglunisaruaNaInnanniunly
FTATNUNIY
AINNANIINARBUAINNAANTUH T Y
¢ s o d 4 y o o
andednidusraznuniungasanisldaauaniud
a d‘, v o v =3
Ang lunimaaasd Imindaauaaniunluszes
Ao NdENHIBAAWAINDANE 27.12 MHZ 7
qouug N 55, 60, 65 Lay 70 avAngadaa Tnely
usiazgniug 141981 60, 90, 120 uaz 150 IUNA
. v 2e v da
nwudn luganauaui il A ldnauanding uuag
Hn1smeiines 7.34 047 wWafidus (Table 2)
wiadnINIssanaaduNaslnainfegilsznin 93
wefidust

Table 1. Average mortality of coffee bean weevil (Araecerus fasciculatus) in various developmental stages

after treated by 27.12 MHz radio frequency at the temperature of 55 ‘C and for 90 seconds

Developmental stage

Mortality (%) + SE'

Egg
Larva
Pupa
Adult

100.00 + 0.00a
100.00 + 0.00a
97.35+ 0.83a
46.43 £ 1.82b

"Means within the same column followed by the same letter are not significantly different at the 0.05 level by the LSD test (LSD = 2.11)

SE = Standard error of the mean

Table 2. Average mortality of coffee bean weevil (Araecerus fasciculatus) in adult stage after treated by 27.12
MHz radio frequency at the temperature of 55, 60, 65 and 70 ‘C and for 60, 90, 120 and 150 seconds

Temperature Mortality in various time periods (seconds) + SE Mean of
(°C) 60 90 120 150 mortality + SE
55 32.07+4.40g"  48.54+4.32f 4507+1.33f 57.55+2.73e 4581+2.827
60 64.90+2.94¢ 74.32+4.59d 77.18+3.40d 90.37+1.93bc 76.69+2.79Y
65 89.31+1.62bc 86.56+2.35c 95.53+1.66ab 94.58+3.43ab 91.49+1.43X
70 100.00+£0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00W

Mean of mortality + SE~ 71.57+6.86 C’

77.35+512B 79.44+5658B

85.62+4.40A

" Means within the same column and row followed by the same letter are not significantly different at 0.05 levels by the LSD Test (LSD = 7.05)

*Means within the same column followed by the same letter are not significantly different at 0.05 levels by the LSD Test (LSD = 5.56)

*Means within the same row followed by the same letter are not significantly different at 0.05 levels by the LSD Test (LSD = 3.52)

Insect mortality in untreated control = 7.34 + 0.47 %
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Table 3. Average of progeny (F,) per 30 parents after RF treatment of coffee bean weevil (Araecerus

fasciculatus) in adult stage after treated by radio frequency at temperature of 55, 60, 65 and 70 C

for 60, 90, 120 and 150 seconds

Temperature ~ Number of progeny in various time periods (seconds) + SE / 400 grams coffee bean Mean of
(°C) Untreated control 60 20 120 150 progeny + SE
55 52.06+1.73a'  30.50+16.52bc 28.50+2.51c 20.50+8.69d 13.00+3.74de 28.91+3.46X’
60 53.12+4.56a 1475+512de 8.25+7.27e  7.5+£3.00€f No survival 16.73+4.40Y
65 36.68+11.99b No survival No survival No survival No survival 7.34+£3.53Y
70 47.93+1.26a No survival No survival No survival No survival 9.59+4.40Y
Mean of
47454222 A° 11.31+3.79B 9.19+3.13BC 7.00+2.39BC  3.25+1.51C

progeny + SE

'Means within the same column and row followed by the same letter are not significantly different at 0.05 levels by the LSD Test (LSD = 7.51)

*Means within the same column followed by the same letter are not significantly different at 0.05 levels by the LSD Test (LSD = 3.96)

*Means within the same row followed by the same letter are not significantly different at 0.05 levels by the LSD Test (LSD = 3.75)
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Bioproducts from Biofilm Culture Filtrate and Spore of
Streptomyces albus Strain CEN26 Against Phytophthora infestans
Causing Tomato Late Blight
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Abstract: The efficacy of biofilm culture filtrate from Streptomyces albus strain CEN26 to control late
blight pathogen, Phytophthora infestans was investigated. Inhibition of P. infestans, mycelial growth,
germination and viability of the sporangia were evaluated and found that the minimum concentration of
the filtrate at 60 % effectively 100 % inhibited the fungus. The filtrate concentration at 40 % resulted in
significant inhibition of the fungal mycelial growth and sporangia viability at lower rates than the 60 % trials,
though, it’s still extremely inhibited the sporangia germination in all incubation period trials. Even though,
the concentration at 20 % had no effect on sporangia viability but clearly restrained its germination period.
The disease control trial in greenhouse condition using bioproducts produced from biofilm culture filtrate
combined with dry spore of S. albus strain CEN26 showed reductions in both percentages of disease
incidence and severity index better than the trial of bioproduct produced from only the dry spore. Then,
bioproduct produced from biofilm culture filirate combined with the dry spore was selected to apply in
farmer plot trial, by spraying 0.3 g/l once a week for 4 months, the disease reduction was found with
percent of disease incidence and severity index revealed at 25.45 % and 45.63 %, while the untreated

farmer plot was determined at 52.30 % and 75.45 %, respectively.

Keywords: Streptomyces albus, Phytophthora infestans, biofilm culture filtrate, bioproduct
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Figure 1. Growth characteristics of Streptomyces albus strain CEN26 on biofilm culture over the surface

of ISPS for 7 days (A), Aerial mycelium, substrate and aerial mycelium of biofilm culture (B-C)
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Percent inhibition of radial growth of Phytophthora infestans mycelia after treated with biofilm

culture filtrate (BFC) of Streptomyces albus strain CEN26 using agar well diffusion method on

rye-A agar, incubation for 10 days

Concentration of BFC (%)

Mycelial inhibition (%)

sterilized distilled water
20
40
60
80
100

0.00
85.67°
91.67°

100.00"

100.00"

100.00"

"Values with the same letter within a column are not significant at P< 0.05

Figure 2. Effects of biofilm culture filtrate (BFC) from Streptomyces albus strain CEN26 on Phytophthora

infestans mycelial growth on rye - A agar, after incubation at 18 'C for 10 days; BFC 20 % trial

(A), cytoplasm aggregation (B), swelling (C), and lysis (D), control trial (E), normal growth of

hypha (F). Scale bar=10 pym. CA: cytoplasm aggregation; SW: swelling and LS: lysis
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Figure 3. Effects of biofilm culture filtrate (BFC) from Streptomyces albus strain CEN26 on

Phytophthora infestans sporangia germination after incubation for 10 days; Untreated

sporangia with zoospore releasing (A, B), hyphae swelling in BFC 20 % trial (C, D), Lysis of

hyphae (E), cytoplasm aggregation in BFC 60 % trials (F), respectively. Scale bar=50 um.

SG: sporangia, ZS: zoospore, AP: appressorium, SW: swelling and LS: lysis
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Figure 3. Sporangia of Phytophthora infestans fluorescein emitting after incubation at 25 C for 12 days in

biofilm culture filtrate of Streptomyces albus strain CEN26 at various concentrations; Control

trial (distilled water) (A, B), 20 % (C, D), 40% (E, F), and. 60 % (G, H). Scale bar=50 uym. BF:

blight field, FDA: fluorescein diacetate staining, SG: sporangia and AP: appressorium

v =

nsmauaxisaluludansnzidawma

annnisnageudasnaiaouaulsalylud

= =l 1 A
20N AN A LLENINTT9Eew Nudn lunzdemA
A,y A e e & - a A o !
ANussdaf s ilefidudniainlsnnaningn
N79NAT AILANDL WHUHANATYNNATA Tne 993D
al v o - A ¥ 5 &
1 M0 0wt T1 HdauNaN1891UINT09AL9LT D
mmammﬂaﬁ%um’mmﬁm‘[@mmm‘ﬁjﬁmmgmm
aaal3als 91 15.00 LAz 46.63 1laFiGus nuaewL
P a a , ada 2 g oA o -
TN Usr@nTNINGINGN N99NIDN 2 T T2 U
T2 flfanicadafinesatinaumnean Hulafidusnig-
AalsanazAadaiuguusenaslsn wiaiu 39.78
waz 77.94 1lafidus mauansy (Table 3) wamali
WindaauduiinsesassdawuululaNauNuaN
Waadsidaemnsz@nsninlunistdesiulsa
loati1atmiau at19lsfnIN Taual T1 waz T2 7
nanadesu amnsarauanlsaluindaaszidama
Py , | Aa o o aa A =

InAuAnAsadneldadnAyn1eatlaTaufiey
TUNgTABAILIAN

31

guiunanimaaeuluaninulalgnaes
inmens Rl Tasinet T1 idounanzesalefuaz
sinsasdsndeuuylulean T ldaugulselu vl
saeuzidama wudn nesaianinswuRaedasfauel
ansamruAnnisinlsala et alied1ATyni
a8 Inenisdssifiunanisiialen weudl 1-4 lu
nesudsAouAN nulefidusinnninlsauasiail
ANNTULIITBdTsAREE ) Lﬁ'u@;q‘-ﬁ”u anluideu 1
WL 34.20 uaz 20.84 Wefdus waz eud 4
WinfU 52.30 WAz 75.45 wWefiiud Anuansy
WANFN9ANNNITNAE R I Fa T usanunsnannisiia
TanlulnstldegnediTadndny Tneanizidend 1
aunsndananiaiialanuarAniiaonguussresisn
I#sndanasuiiauauie 3 wia lefldawiamy
10.80 4az 3.50 Wasldus ANAIAL WATHATBINIT
Uszifiunseauaunlselundfludaudauaunsziade
Feud 4 vaesraniinifien densuansdsz@nsnan
3@ lun1sAruAnlsAlAuANFA19aINNITNAE
AYLANBENNTALAU (Table 4) Feganndeiung
nnmaaasrruAnlsaluaninlsezau



M5A15NAT 39(1): 23 - 35 (2566)

Table 3. The efficacy of bioproducts from Streptomyces albus strain

blight under greenhouse condition

CEN26 for controlling tomato late

Percentage of disease

Treatments

incidence (%)’

Percentage of disease severity

index (%)

Control+ (sterilized distilled water)

Control- (Phytophthora infestans) 100.00 *° 100.00"
Bioproduct T1 15.00° 45.63°
Bioproduct T2 39.78° 77.94°

"Mean percentage of disease incidence from 20 leaves/trial

*Mean percentage of disease severity index from 20 plants/trial

*Values with the same letter within a column are not significant at P< 0.05

Table 4. The efficacy of bioproduct T1 from Streptomyces albus strain CEN26 for controlling tomato late

blight under field condition

Disease incidence (%)’ Disease severity index (%)°
Treatments 1 2 3 4 1 2 3 4
month months  months  months month months  months  months
Control 34.20"  4023" 46.19" 5230" | 20.84" 4361" 64.20" 75.45"
Bioproduct T1 10.80° 13.87° 22.30° 2545° | 350° 17.90° 35.84°  49.76°

'Mean percentage of disease incidence from 20 plants/trial

*Mean percentage of disease severity index from 20 plants/trial

*Values with the same letter within a column are not significant at P £0.05
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Abstract: The objective of this study aimed to identify the problem statement of the irrigation system in
the left main canal scheme (LMC scheme) in Chiang Rai province, which had rice as the mainly cultivated
crop, through the participatory descriptive diagram (PDD). Under the system approach concept presented
by Chambers (1988) and Small and Svendsen (1992), the PDD shows the relationship of irrigation systems
with the components categorized into four domains (technical domain, irrigated agricultural domain, institutional
domain, and financial domain). Relevant data in this research was collected by the participatory method
called the participatory rural appraisal (PRA), in which quality and quantity information were collected
through relevant stakeholders; 11 persons from the government sector and 22 persons from groups of
water users in 2020. The PDD described the problem statement of irrigation systems in both rainy and dry
seasons. In the rainy season, flooding in the main canal level was a major problem, caused by many
factors, i.e., extremely lateral flow in the main canal from several natural streams from July to August, low
capacity at the downstream-end section of the main canal, and inefficient drainage system. In the dry
season, water scarcity was a major problem, caused by three main factors, i.e., over paddy rice cultivation
with insufficient irrigation supply, incompetent management of the irrigation system of the stakeholders,

and low conveyance efficiency of the canal distribution networks.

Keywords: Participatory descriptive diagram, system approach, participatory rural appraisal, irrigation system,

irrigation management

Introduction of irrigation management in the LMC scheme. To

capture these obstacles, the system approach,

Mae Lao lIrrigation Scheme (MLIS) is a integrated with the participatory method for
large irrigation scheme, which is located in the investigating unstructured data, will be applied to
upper northern Thailand, Chiang Rai province. The identify relevant problems in terms of the problem
Left Main Canal scheme (LMC scheme), which is statement in order to define all criteria and problem
dominated by the MLIS, is one of the irrigation solutions in a decision-making process of irrigation
districts in the MLIS. The LMC scheme was poorly management. Moreover, the concept of participation
managed, which led to unsatisfactory performances, was supported and driven as a policy, called as
for example, poor water distribution, damaged the participatory irrigation management (PIM), by

hydraulic infrastructures, flooding in the main the Thai Royal Irrigation Department (RID). The RID

canal, etc. (Wongtragoon et.al., 2010); moreover, has defined the PIM policy as the participation of
social co-operation among government sector and water users in the management of the irrigation
water user sector also created negative effects to system for better management in all aspects and
the LMC scheme. All obstacles are complexity in at all levels of its aspects including planning, design,
terms of physical factors, human factor, and bio- construction, operation and maintenance, financing,
economic factors in that irrigated agricultural decision rules and the monitoring and evaluation
system according to the description by Chambers of the irrigation system. In Thailand, the PIM policy
(1988). So, these obstacles were complex situations has been introduced as the main policy by the
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RID since the year 2005 (Wongprasittiporn, 2005),
which is stated that Thai rice-based irrigation
system should be changed and adapted irrigation
to be effective management in some terms that
1) increasing time of a canal maintenance, 2)
changing the management of irrigation supply
from continuous flow to rotation flow, 3) decreasing
inequitable sharing of water among head-end and
tailed-end water users and 4) gaining complaints
and disputes from water users (Wongprasittiporn,
2007). The objectives of this study were to generate
the participatory descriptive diagram (PDD) for
perceiving the complex situations and to define
crucial managerial problems and some factors that

were related to problems.

Framework Methodology

Study area
In the Figure 1. the LMC scheme was the
study area, which was dominated by the MLIS in

Chiang Rai province, Thailand. The LMC scheme

68000 572000 576000

covers 5,440 hectares in the wet season. The main
crop was paddy rice that was divided into five
zones of irrigation districts. But in the dry season,
the irrigation service area (ISA) will be decreased
by 2,080 ha.

Conceptual framework

In the Figure 2. the conceptual framework
of this study could be divided into two major phases.
The first phase, which was called the problem
situation phase, involves collecting all relevant
information about an irrigated agricultural system
in order to find out some systematic problems of
the irrigation system, which the PRA tools are applied
for collecting both quantitative and qualitative data
through the workshop of both government sector
and water user group. The second phase is
the development phase of the PDD, in which the
participatory descriptive diagram is generated by
relevant information in the first phase. Moreover, the
PDD will be extracted to generate the problematic

statement for further decision-making.
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Figure 1. The Left Main Canal scheme (LMC scheme) (sourced by the Mae Lao irrigation department)
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Stages

Expected Outcomes

Characteristics of
Workshop:
irrigation system in
Participatory Rural
four domains of the
Appraisal (PRA tools)
irrigation system by
(Cavestro, 2003):
Small and

Svendsen (1992),

and Checkland and (2) Field survey

(1976)

(1) Participant’s observation

Problem statement Generating the problem

generation statement from the PDD

Problematic
1. Participatory
situation
Descriptive Diagram
Phase
2. Problem statement PDD

Development

phase

Figure 2. Conceptual framework of the study for generating of the PDD

Characteristics of irrigation system
To fulfill

characteristics of irrigation system through under four

an understanding of the
domains of irrigation systems, suggested by Small
and Svendsen (1992) and Checkland (1976), the
data collection process was gathered in the workshop
in the problematic situation phase through an activity
of the participatory rural appraisal techniques
(PRA techniques) (Cavestro, 2003). Two activities
in the workshop were (1) participant observation in
a focus group meeting and (2) the field survey for

investigating the conveyance of irrigation system.

Participant observation
The

was held by a facilitator through an annual focus

participant observation process
group meeting before starting irrigation supply
season at the head quarter office in May 2020. All
relevant stakeholders, i.e., the government sector

(11 persons; 2 irrigation engineers and 9 operation

40

staffs) and representatives of water user groups
(22 persons; 4 head of villagers, 5 irrigation
volunteers and 13 general water user members
from zone 5 to zone 2) were addressed to join
a group in the first round meeting in order to
extract all relevant information of irrigation
characteristics. After the first round of meeting, all
questionnaire checklists were introduced to extract
all required information by the facilitator to all
participants in the meeting. Relevant checklists
were considerately selected under the outlined
components of the irrigation system (Table 1.). Such
relevant domain components, three domains of the
irrigation system (irrigated agricultural, institutional
and budget domain) and some outlined topics
in technique domain were developed to be relevant
questionnaire checklists for investigating all required
information of characteristics of irrigation system in
both dry and wet seasons that several conceptual

issues were shown in Table 2.
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Table 1. Category of irrigation system components

Domain Components

Technical ® Physical conditions related to design and operation: climate, topography, soil, water
resource

® Conveyance system: main canal system, roads and hydraulic structures

Irrigated- ® Distribution networks
agriculture ® Agricultural system
Institution ® Types of Organization, structure and functions

® | egal framework of the institution

® Role of water usage

Budget ® Fraction of financial management; operation and maintenance, disaster, improvement

Table 2. Conceptual issues of questionnaire checklists in each irrigation system components

Domain Checkiists Participants/information
sources
Technique 1. Water source Government sector/
2. External/internal water storage documents, GIS data,
3. Irrigation supply map data
4. Physical characteristics: rainfall/soils/topography, natural streams
Irrigated 1. Agriculture/irrigation project/irrigation service area Government sector/
agriculture 2. Agricultural system: paddy rice, maize, animal farm documents, GIS data,
map data
Institution 1. Water user groups/ government sector organization Government sector and
2. Functions of water user groups and government sector water user groups/
3. Strength of water user group documents, meeting

information, observed

information
Budget 1. Fraction of financial management: operation, maintenance, Government sector and
disasters and improvement fractional budgets water user groups/
2. Local irrigation budget documents, meeting

information, observed

information
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Field survey

The field survey information was collected
the required data by survey observation before the
irrigation season in the wet season, in 2020 for two
days from the upstream section (zone 5) to the
downstream section (zone 2). Characteristics of
the main canal level were focused on this survey
observation. All relevant checklists, which were
introduced in the modern water control and
management practices in irrigation-impact on
performance (FAO, 1997 and Allen, 1998), were
shown in Table 3.

For the integrated information process in
order to generate the Participatory Descriptive
Diagram process, relevant information, collected
by participants observation and field survey, were
categorized in each four domains of the irrigation
system to generate the participatory descriptive
diagram (PDD) in the next step.

Problem statement generation

Relevant information from the problem
statement was transformed and extracted relevant
information by the PDD. Selected information in four
domains were generated to a problem statement
under the relationship of the system approach,
introduced by Smyth and Checkland (1976).

Results

Participatory descriptive diagram (PDD)

The PDD was generated to analyze a
relationship between the irrigation system in both
wet and dry seasons (Figure 3 and Figure 4
respectively). Flow water resources and irrigation
procedures of the LMC scheme were described
under four irrigation domains in Table 1 as follows.

Technical domain consists of three major
sub systems: (1) delivery canal system, (2) drainage
system and (3) internal water storage system.
For the delivery canal system, the main canal,
which canal characteristics were 24.1 km in
length, rectangular lined canal shape. The most
canal capacity is in zone 5 (119,280 m®) and the
least canal capacity is in zone 2 (13,094 m°.
The irrigation supply was 34 + 4 million cubic
meters (MCM) in the wet season and was 59 + 9
MCM in the dry season (in the year 2015 - 2020).
The irrigation schedule was set by the rotational
flow in each irrigational zone. The internal water
storage system stored water in the wet season (0.3
MCM) and supplied the water in the dry season (0.2
MCM). For the drainage system, the main canal
had a function to drain excessive water in the

wet season, in which seven natural streams and

Table 3. Main canal level inspection checklists for searching characteristics of the main canal

Checklists

Conveyance system level

1. Canal section: Vegetation obstruction of flow, Rubbish obstruction flow at

siphons, aqueducts, culverts, etc.

Main canal level

2. Canal embankments: Siltation, Seepage through embankment, Erosion

Main canal level

3. Structures: Seepage through concrete or masonry

Main canal level

4. Gates: Leakage through closed gate

Main canal level

5. Measuring structures: Drowned out or damaged measuring structures

Main canal level
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drained water of paddy nearby area were drained
into the canal. Moreover, more effects of natural
factors (rainfall 129 + 22 mm/wet season and
29 + 21 mm dry season) and topography (the main
canal across several natural streams) affected the
performance of the system.

Irrigated agricultural domain consists of
two major sub-systems, i.e., the agricultural system
and irrigated agricultural system (from the secondary
canal to the field level). The main agricultural
cultivation areas were paddy rice fields (over 80 %),
some vegetable crops (4 %), fruit farms and fish
farms (1 %) were minor agricultural areas respectively.
Seventeen secondary and several tertiary canal
levels supplied irrigation water to serve these
agricultural areas (5,628 hectares in the wet season
and 1,920 hectares in the dry season). In addition,
the field internal water storage system (0.7 MCM of
capacity) was more important for supporting the
irrigation supply (0.07 MCM of capacity) of the outer
boundary of the agricultural area in the dry season.

Institutional domain consists of two main
sectors, i.e., the government sector and the water
user group. For government sector (14 government
staffs; operation staffs (12 staffs) and 2 irrigation
engineers), dominated many relevant responsibilities
to manage only the main canal level, such as operation,
maintenance, fixing, checking and building
infrastructures. Moreover, the government sector
also supported and encouraged the water user
groups to participate in irrigational activities, such
as setting a group meeting before irrigation season,
and setting and supporting the strength of water
user groups. The water user groups, which consists
of 116 basic groups in each five zones of irrigation
districts, had a major responsibility for maintaining
some part of the canal system from all secondary

level to field distribution level in irrigational districts.
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Budget domain is the expenditure (average
11.8 £ 2 million Baht/year from 2016 to 2020) for
irrigation management in the study area. The
annual budget was allocated by the RID through
the MLIS. The budget could be divided

four fractions of financial management (operation

into

budget, maintenance budget, disaster budget and
improvement budget), including expenditures for
secondary and tertiary canal systems. In the budget
domain, the improvement fraction was more than
85 % of the total budget and this amount of budget
was used to build hydraulic infrastructures, broken

by disasters in both wet and dry seasons.

Problem statement

According to the PDD, the problem
statement of the LMC scheme states that in the wet
season, flooding in the main canal level was the
main problem, caused by many factors, i.e., heavy
rainfall situation (from July to August), extremely
lateral flow in the main canal level by several natural
streams, less capacity at the end of the main canal
and poor of the drainage system. In the dry season,
water scarcity was the main problem, caused by
two major factors, i.e., over paddy rice cultivation
area, which was not match with the amount of
irrigation water supply, poor irrigation management
due to weak institution led to conflict among water
users, and low conveyance efficiency of the canal

distribution networks.

Discussion

Participatory descriptive diagram (PDD)

The PDD was the diagram of the irrigation
system (Figure 3 and Figure 4) purposed to reveal
relevant irrigation systems and sub-systems in

four domains. These relationships among irrigation
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domain systems, sub-systems in each irrigation
domain and the components of each irrigation
domain could be categorized. Starting of water
resource from the Mae Souy dam water storage
was supplied to paddy rice field through a canal
conveyance system to the field distribution systems
were defined as a relationship of irrigation flow
in a hierarchical conveyance system. In addition,
environmental factors (climate, soils, topography)
were also defined as effects of irrigation problems
in the LMC scheme in the technical domain and
irrigated agricultural domains. Moreover, the human
activity system (HAS) between water user groups
and the government sector was illustrated by a
relationship between irrigational activity procedures
in both dry and wet seasons.

To simplify the complex irrigation system,
four domains of irrigation were defined as relevant
checklist information of system components by a
concept of the nested hierarchy of the irrigation
system, presented by Small and Svendsen (1992).
These components of the system were set in four
components of the system according to four
domains that cover the physical and social
dimensions of the irrigation system. To simplify the
relationship under four domains, the PDD was
generated by relevant information in the form of a
diagram of that water resource flow, and a process
and output in each system component.

The PDD supported decision makers to
manage irrigation systems effectively through a
setting of the goal achievement in each irrigation
domain and to take action in each irrigation domain
for achieving the goals. This DM process involved
the participatory method that was a more powerful
tool to not only deal with the problem that it was
able to deal with a conflict among stakeholders

in irrigation management under the soft system
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method (Smyth and Checkland, 1976) in order to raise
a collaborative social learning (sharing knowledge
among stakeholders acquire) and collective
skills through better understanding the perceptions
in a complex situation (Hare, 2011). Moreover,
the participatory concept was also supported by
the PIM policy, which has been promoted by
the Thai Royal Irrigation Department since 2005
because almost irrigation problems in Thailand

were unstructured problems (Chittaladakorn, 2013).

Problem statement

The problem statement was generated by
the PDD, in which four domains of the irrigation
system (technical, irrigated-agriculture, institutional
and budget domain) were set according to the
system approach. The statement described
problem situations that complex situations were
combined among four domains of irrigation system.
In problem, natural, physical, agricultural, social
and economic factors affected each other.
Generally, the problem of irrigation management
was very difficult to involve stakeholders. Due to
more complex problems of irrigation systems
among infrastructural, environmental, social and
economic aspects, suggested options for irrigation
development, published by the FAO (1997) in
issue as modernized that six

an irrigation

options for irrigation improvement could be
suggested for improving the irrigation management,
i.e., (1) improving yield, financial sustainability of
the project, including collection water fee, (2)

©)

improving irrigation efficiency, (4) increasing of

eliminating of anarchy among institution,
environment degradation, (5) reducing maintenance
and operation cost and (6) improving recovery of
operation and maintenance cost. These options

could be set as feasible choices for problem
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solutions through a decision-making approach for
irrigation management, which was based on the
participatory method by relevant stakeholders in
the LMC scheme.

Conclusion

The participatory descriptive diagram
(PDD) described the relationship of an irrigation
(technicall

system according to four domains

domain, irrigated agricultural domain, institutional

domain and financial domain). The technical

domain involved the relationship of physical factors
(climate, topography, soil, and water resource) and
the conveyance system, irrigated agricultural
domain involved the relationship of distribution
networks and agricultural system, the institutional
domain involved the relationship of the related
organization, the legal framework of the institution
and role of water usage and budget domain
involved relation of operation and maintenance,
disaster and improvement budgets.

The PDD described the problem statement
in both wet and dry seasons in the study area. It
was stated that in the wet season, flooding in the
main canal level was a main problem caused by
heavy rainfall, extremely lateral flow in the main
canal level, less capacity at the end of the main
canal and poor of drainage system led to a flood
in this area. In the dry season, water scarcity was
a main problem, caused by over paddy rice
cultivation, poor irrigation management and low
conveyance efficiency of the canal distribution
networks. All of these led to water scarcity for

cultivation.
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Abstract: The aim of this study was to determine the effect of post-insemination supplementation with using
plaster synthetic progesterone (P-Sync) on pregnancy in repeat-breeder lactating dairy cows. Experiment
was divided into 2 groups. Group 1 cows did not receive progesterone (P-Sync) after artificial insemination
(Al) (n = 27). Group 2 cows received progesterone (P-Sync) after Al (n = 23). After that, record milk yields
and lactation number all of repeat - breeder lactating dairy cows and pregnancy was diagnosed at 60
days after Al with ultrasound. The result found that cows at first lactation with progesterone (P-Sync)
supplementation after Al had the highly pregnancy (risk ratio, i.e., RR = 5.00) (95 % CI| = 0.767, 32.574)
(P <0.05). Effect of supplemented progesterone after Al on repeat-breeder lactating dairy cows shown that
among cows with days in milk (191 - 400) in combination with progesterone supplementation after Al tended
to be the highly pregnancy (risk ratio, i.e. RR = 3.14) (95% CI = 0.769, 12.850) (P = 0.10). The results of this
study demonstrate that the group of repeat-breeder lactating dairy cows with first lactation with progesterone

supplementation after Al can increase the pregnancy rate per Al.

Keywords: Repeat-breeder, dairy cow, progesterone, post-insemination, pregnancy rate
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Figure 1. Program synchronization supplementation none Progesterone after Alin group 1 (non P4 group)
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Figure 2. Program synchronization supplementation Progesterone after Al in group 2 (P4 group)
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Table 1. Distribution of cows by studying variables and outcome (n = 50) for evaluation of the effect of

progesterone supplementation in repeat-breeder lactating dairy cows after insemination

No. of cows in
Variable level No. of cows in control group
P-Sync group

Lactation number 1 7 7
2 9 6

3+ 7 14

Milk production (kg) 7.8-15.3 9 7
15.4-20.5 9 8

20.6-32.0 5 12

No. of Al 3-11 19 22
12-19 2 3

20 -27 2 2

Days in milk 63 - 120 10 12
121-190 6 4

191 - 400 7 11

Outcome Pregnancy 14 10
Open 9 17

Total number of cows 23 27

Table 2. Effect of progesterone supplementation on pregnancy in repeat-breeder lactating dairy cows

after insemination stratified by lactation number

Relative risk of pregnancy 95 % CI

Lactation Outcome P-Sync Control . - P-value
(lower limit, upper limit)

1 Pregnancy 5 1 5.00 (0.767, 32.574) 0.03
Open 2 6

2 Pregnancy 4 3 0.89 (0.301, 2.626) 0.62
Open 5 3

3+ Pregnancy 5 3 3.33(1.102, 10.085) 0.06
Open 2 11
Total number of cows 23 27
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21117 Ity (dominant follicle) figunsaiAantIanla
143ansidiuaesTuuinsiaama lsumdanisuau ey
ynliAen vadngLsnudeysngnannay sivlidl
anwzuan aglladnaresaesluuinsaginalsy
swiilsReaeyuagndvsullifinasiiniide
BQALATANIIANFY (implantation) 18418t unas
arunoasysialule aanadaeiu Vilarroel et al.
(2004) laAnNaTRINTET N FiuuInTagmalsn
PRID ndennsnas i ulafi oyminisnantd
WUIn nastasuaasinuinsiaainalsy PRID w4
ManaNTENanansaUfl s nmssaas iRy
Twlungqulniiesu lactation number i 1 341450
nsdsugasinuingiaamalsu PRID a1uau 18 41
naaNTHaN e Iae Garcia-Ispierto and Lopez-
Gatius (2017) la AN N 17IaTuaa TN ulnsag-
e TsUNFINIINAN R R DR NS AT N IHANF A
‘Luiﬂﬁiﬁm@mﬁw Wu31 ngula primiparous 16791
miﬁ”’\iﬁmﬁzﬂmdﬁ nqula multiparous (52.1 % vs.
312 %) unnsvaeeldad1Aynisaia (P <
0.0001)

ieAnunfadnnae days in mik faka
1a9n13idsuaasinuinsaamalsu P-Sync na
MswgifiansenisAeias nudn nguland days in
milk (63 - 120), days in milk (121 - 190) WAL days in
milk (191 - 400) FaNALNITETNER T INUINT LA 4 -
malsundanisaguiion Sensnisdaraciilsl
wANFANIWN940R (risk ratio, i.e., RR = 2.40) (95

% Cl =0.797, 7.231), (risk ratio, i.e. RR = 1.33) (95
% Cl =0.430, 4.134), (risk ratio, i.e., RR = 3.14) (95
% CI = 0.769, 12.850) WalFauauniungulaf

Tdiatugasiuulnsiaamalsunaanisuauinay
(P> 0.05) Aauansli Table 3

ANTNAUDY days in milk FBHATAINITATH
gosluuTnslaamelsundsnsuaieasantsaeies
WU n@iu‘ﬁmﬁ'ﬁ days in milk (191-400) $a8AUNNS-
wrngefluuinsaamalsu P-Sync naIn1sNgNLfie
ﬁLLunﬁmmma[ﬁ?\aﬁmqqm (risk ratio, i.e. RR =
3.14) (95 % Cl = 0.769, 12.850) (P = 0.10) Imilﬂ@:ll
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Taidl days in milk (191-400) luda4 Peak 28901319
m@mﬁmﬁmuﬁﬁifmalﬂﬁmwi@ﬁwi@é“uﬁq% 38
Alandu ?ﬁﬁmmﬂumjuﬁiﬁmmam{fquummm
B9 UAIANNNIUTIY Peak a9n15 inanAR L
n@'uim‘ﬁ'ﬁ days in milk (191-400) $auAUN19LE3N
a@ﬂuu‘ﬂwa‘mmmiiu P-Sync NAINTHANT N
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nsiadmalsy P-Sync MAIN1THAN TN Foeniin
mmﬁuﬁummmﬁuu‘immLwﬂiiuﬁlﬁqﬁumxﬁu
SLﬁ’m‘I\imqnm?tyumﬁq%u 9 myometrium uas
endometrium 1A BLAT uN Fa g1 TN 3T 96
19952801 T2 ANEAINNNITOAALTRIF AT
(embryo survival rate) it 4 ﬁ%u (Ball and Peters, 2004)
annAARsiL Vilarroel et al. (2004) T anaa1ulddn
ANBNWALRY days in milk AANATAINTNATNDT TN
‘EW?LMLM‘EM PRID n&an1saanianlulafia
ﬁﬁummmmwm ﬂauiﬂwu days in milk (185 - 407)
u@mmmimwmmmm (risk ratio, i.e. RR = 1.64)
Taanisasuaasinuinsiaamalsussazingn 2
flaindanisnauiiiauiuin i aududure
goluuTnsiagmalsuilifiudud 1 lugasdd anviusn
M@T\‘immmL‘ﬁﬂm&um@umumﬁﬂqﬁﬁ@u
nnssaTied LﬁmﬁlumﬂﬁmLﬁuimmﬁqé@u WAL
Walduiladnanududuaessesluulnsias-
walsuaziasnesdanisnszguliuieungn
1A3Y Nty danalinisteinnesiageunay
WAY Larson et al. (2007) 1@3189111a31 91 ngu
Tiapnaiiasuaeslunsagme lsumdsnnsauie
wazd days in milk (126 + 17) fénsnisdaneed
wanasTwienSeniauiunguindauuild
3u TaemsiaduansluuTnsiaginelsuluiug 4 vds
Aeuga e Wulsslamidonisfiudnsnisea
agraslauy 9l UnITHALAELLLLALAAN
(Monteriro et al., 2014)
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Table 3. Effect of progesterone supplementation on pregnancy repeat-breeder lactating dairy cows after

insemination stratified by stage of lactation

Relative risk of pregnancy 95 % CI

Day in milk Outcome P-Sync Control (lower limit, upper limi) P-value
63 - 120 Pregnancy 6 3 2.40(0.797, 7.231) 0.11
Open 4 9
121-190 Pregnancy 4 2 1.33(0.430, 4.134) 0.54
Open 2 2
191 - 400 Pregnancy 4 2 3.14(0.769, 12.850) 0.10
Open 3 9
Total number of cows 23 27
a5l LANR9A19D

annAsAnEASaEnLgn ﬂ@juiﬂﬁ@%’iu
lactation number 7 1 $aufun"aEBNERs LTS LAE-
welsundensuaaifion In1ssavesgaga (rsk
ratio, i.e. RR = 5.00) (95 % CI = 0.767, 32.574)
(P<0.05) dlawl3anifianfungalaiieiu uazwudn
8NENa189 Days in milk ABKNATRINTATNEDTINY
Tnsiaa-malsundanisuauiiousonsnases
WLIN ﬂ(i\iﬁ\liﬂ‘ﬁlﬁ days in milk 191 - 400 day FaufiU
nnasugefluuinsiaama lsunasnisuau e
fuualifuzeansdeiesgegqn (risk ratio, ie. RR =
3.14) (95 % Cl = 0.769, 12.850) (P =0.10)

naAnssNUsznA

AZERAEURTRUAN AT.LTAANAN TINellums
Yo Ao o , A oo o odfu
nNIsNNIEAANITLTEN e ludineaiias anrin N4
nsatuayuanunlunmaaes dndnaass daya
Usedfla uardayasunisnaniien awinliladaya
d oy - f  oay aoa LY
analdlun1sdnsziing inlinasmdnluaiall
an5agansli1fsoea
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Effects of Sugarcane Filter Cake on Soil Chemical Properties of

Soil Series Group No.35, Chiang Mai Province
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Abstract: Sugarcane filter cake is a by-product of the sugarcane industry, which has the potential to use as a
soil amendment. Therefore, the study of the effects of sugarcane filter cake (a waste product) on soil
chemical properties of soil series group No.35 was conducted from April to August 2020. The soil samples
were collected at 0-25 cm depth from 2 sites in Sansai district, Chiang Mai province. Six treatments were laid
out in a completely randomized design (CRD) with four replications consisting of 1) control (no sugarcane
filter cake, C) and follows with 2 - 6 by different rates of sugarcane filter cake at 500, 1,000, 1,500, 3,000, and
4,500 kg/rai, respectively. The sugarcane filter cake was mixed well with soil and incubated for 12 weeks at
room temperature. The result showed that the sugarcane filter cake rate at 4,500 kg/rai caused the highest
soil pH after 2 weeks of incubation and slightly decreased till the end at 12 weeks in both sites of soil
samples. Interestingly, the sugarcane filter cake rate at 4,500 kg/rai provided the highest amount of organic
matter, phosphorus, potassium, calcium, magnesium, iron, manganese, copper, and zinc contents in soil
series group No. 35 at both sites after 12 weeks of incubation. This study revealed that the sugarcane filter
cake could be used as a soil amendment to improve soil fertility and some soil chemical properties of the soil

series group No. 35.

Keywords: Soil amendment, soil fertility, sugarcane industrial by-product
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nnaznaudes nandes nniima udunan-  dfindinansinenisiisudusenisiaiyiiuls
Feaaunsmirunindudemdwazudnliin  aesiald donlfulanameshulitinneganil6m
nndamagnansninlludnitendnieniuea  sinldReaiunsngasnne sl Wl
uazdaunineznaudeniisiuaulitenndn 25 Buniudngludu duwvdsannisvesqdunie
auduluwiazd i lunanafie nansea TR uiidutlselaail (Santos et al, 2014) 9374
Aaungu ‘lm’s:ijémﬂ@uﬂLﬁ@ﬂﬁ*ﬂﬂ@muﬁﬁmm fegnunsaiiinigdosninaeadnhiu iaenuanungn
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Watanabe and Olsen (1962) 'ﬂ’]uﬂ’]mfmm iﬂxi
spectrophotometer ‘wmwmqm@u 882 m‘llumm
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mmqnmﬁwrTumnmﬂfﬂué’@ﬂuﬁmﬁﬁﬁmum 1
miﬂa‘“umw%ummauslﬁmﬂmzﬁu 60 wadigus
m@qmm%uﬁu%méuﬁqﬁmﬁq e 23 wlafidusl
(wiw) Algannsiamzilagia gravimetric method
(Gardner, 1986) Tneifntnngs s 138 Taawms
Aafqa19AL 100 NSN MnTsUnAuluszuuamag
Q9T LRRATUIA 6 X 9 of ‘ﬁqmmﬁﬁ’m (25 - 30 B4
wadea) Wuszazioan 3 theu (UFutlgeann Feng
et al., 2021) 1MN133ATIZHATANNLT UNTA-A
NN 7 2 4Un9f uasiimszdandfniseaiiveciu
AAUNIINARBIUATNAINITLNAY

o

ANFUNINAZNAURDE

N5IATIUTAYAN A

Finszidayanisana inellsunsy Statistix
10 MN193ATIZUAN LU TUIIUNSET R (analysis
of variance: ANOVA) AN UIHUNITNAABIULLLFN
any ol LL@uLﬂi‘ﬂ‘LlLWFJUF]’]’]JJLW]T]M’]\?? VLR
mvmmimmm mﬂ@wmmwmm (least significant
difference: LSD)

NANISANHILAZIANGTE

ANURANILARNUDIAVLAZNINASNAUADANDUN
N1SNARDY
mnmaﬁﬂmmmummqmmmﬂ@mmmu
7l 35 rawinIImaaes wud FaetaALaINgaT 1
waz aaf 2 dAaanuilunsa-snseglunnainaa
TUKTY (3.50 UAT 3.81) ATNANAL ‘Lﬁmmﬁuw‘?‘ﬂffmq
Tuduna 2 anaglunnaiinunn e anasa
aglunnafnunnuasinungiBauiiuani Auuld
Tudues lunoeige Uannueadasivaniaedls
st?TfmeNﬁuﬁm@fﬁ 3,518 uaz 3,501 HaanFusa
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o

Alanu ’Luﬁu@qm‘ﬁ' 1 LLm%‘ﬁ' 2 mua1ay s
LLNﬂﬁL%F;IN‘ﬁILL@ﬂLﬂa‘lﬂuvLﬁﬂuauﬁﬂ"]'ﬂgllﬁl 930 (a;m‘ﬁ' 1)
LAz 735 aansusanlansu (qm‘ﬁ' 2) @udsun
81681911 9LATH AU UNINIIMARBINLIN |
ﬂ?‘mmmﬁmﬂuﬂiﬂmﬂﬁm@ﬁ 38 - 44 {adANnF
s lanu UunnunaniileffludsstasifiAed
717 - 19 Nadnsuseflaniu Piuunesunaiy
Uszlumfilenagil 0.5 - 0.9 fadniusedlani uas
Usunudans@idudszlaadiAnagi 1.9-2.5
Jaansusanianiy (Table 1) Imﬂﬁuﬁmmﬁmﬁ
parandlunsasngmagluinmatlndidaaiugai
7l 35 e AnAnafunsA-ng 4.0 - 4.5 usl Funoy
ﬁﬁi"'m,@:ﬁﬂmu@qmmummﬁﬂ (Office of Soil Survey
and Land Use Planning, 2005)
autRAN1ANUNeLsznslunInAznaueae
WuI1 NnAzneuseiadus19tuNang 7.92
GalndiAaefu Ossom (2010) §1 A1 pH a¢7i 7.98
3urudunsea1fueu 16.7 wWefidus U
W@@W@‘?@%\mummmmnm:n@uﬁamg}‘ﬁ' 1.90

pandantas uardUsuinuneanaians lunuel

ﬂimm‘twmmmﬂmwm@ﬂﬁ 0.54
ﬂammmmmumwumm 3.33
ﬂammumummmv]m@w 0.71
wWasifusl snwngnmwwmm de Mello Prado
et al. (2013) AimuBunaslulnsiau (2.0 wefidus)
1Bunouaanasa (1.1 wlafidus) sunnlnunades
(0.3 1lefidus) Usunnsuaaidan (2.1 1lafidus)
wazd3unnsunnilidan (0.6 Wafidus) dauilfuno
smemnginluninaznaudenininmziiiau

i aFid s

-

vl 8 Fuf w6

-

RIGEE T

NNTNARBINLIN UTNIUWMAN WHINITRA NBILAY
wazdanz@ianunagi 1,801 fadniusanlaniy
1,415 Haanfusanlaniu 132 Uaansusanianiu
LAz 59 RaAnsuAeRTANSN ANNAIFL TnLETiTeL
284 Office of Cane and Sugar Board (2021) U
fayaan R8N INALNaUgaEAINAZNEUNIBNTBY
fporuflunsasnvegludag 8.0-9.0 HfFuqm
Tulnsiau 3.0 wefidus Usumuneanesa 0.24
waFdus YSunuinunad@an 0.2 Wefdus lag
FaNNTAEINNATnaus e 1 luunaanansell
49n91019 0.54 lefidus (Table 2)

Table 1. Soil chemical properties before Sugarcane filter cake application
Extractable-forms
Soil pH  OM (%) p K Ca Mg Fe Mn Zn Cu
( mg/kg )
Site 1 3.50 0.22 1.5 83 439 114 1.7 0.6 0.8 0.30
Site2 3.81 0.22 1.0 87 493 110 1.6 0.6 1.0 0.30
Table 2. Chemical properties of Sugarcane filter cake
Total contents
pH ocC N P K Ca Mg Fe Mn Zn Cu
( % ) ( mg/kg )
7.92 16.7 1.95 1.90 0.54 3.33 0.71 1,801 1,415 132 59
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ArAailunsa-AnsraIngug A udl 35 uaY
NSNARDY

ﬁq@fjwau%ﬁ 1 NAINNTUN WUIY AN
dunsa-ansluaisunisldninazneudesludnam
4,500 Alanfusials denalilArAndunse-regs
ﬁqm‘l,unﬂzmmu’@fjwﬁﬁﬂﬁqﬁmmmﬁﬁ (P<0.01)
wsilaifpnnauananetusifuildnnaznaudaslu
a1 3,000 Alaniusiels Inawudn luduansii 2
sdansturinlianaruidunan-anegefigaia 4.61
mmﬁirﬁﬁumu@u:ﬁmmﬁmﬂumm—rﬂ'wﬁﬁﬁqmlu
NndUAvnaInIsLin (Table 3)

mmif‘immzﬁﬁmﬂwﬁuﬂmﬁ 2 Anfu
fldninazneudenludns 4,500 Alaniusiels
fAraanaiflunsa-anegeiigana 4.524 %
AINLANAISIUNINaTRAUATY 1,500 way
3,000 Aitansusials (P < 0.05) nasaNnLumAuATL
2 zﬁ“ﬂmm’mm:ﬁ'ﬁ?ﬁumuQmwummmm‘flumm-ﬁm
ﬁ@ﬂ“ﬁ'mﬁ@ 4.25 528121991 4 - 10 dUm1vividadu
m'f]mwLﬂumm-ﬁhng‘ﬁ'qmwu‘luﬁ?ﬁuﬁ‘lzﬁﬂfm
nrneaudesludna 4,500 Alansusiels el
AauuAnsnelunea A fusisuiildninaznay
doaludna 3,000 Alaniusels (P < 0.01) (Table 3)

Table 3. Soil acidity (soil pH) after incubation of soil series group No. 35

Treatment 0 weeks 2 weeks 4 weeks 6 weeks 8 weeks 10 weeks 12 weeks
Site 1
Control 4.07° 4.07° 4.10° 4.12° 4.12° 4.09° 3.94°
Filter cake 500 4.20° 4.38" 4.20° 4.15% 4.16% 4.12° 4.12°
Filter cake 1,000 4.32° 4.39° 4.19° 4.24% 419> 4.18 414"
Filter cake 1,500 4.38° 4.48° 4.30° 4.26° 4.26" 417" 4.21%
Filter cake 3,000 450 455 453 4.40° 4.30° 430 4.22%°
Filter cake 4,500 4.58° 461° 4.60° 4.50° 4.46° 4.39° 4.28°
Grand mean 434 4.41 4.32 4.28 4.25 4.21 415
CV (%) 1.91 1.70 1.46 1.21 1.12 1.47 0.78
Fotest . o x x o x o
Site 2
Control 4.24° 4.25° 4.22° 4.21° 4.19° 4.21° 418
Filter cake 500 430%™ 439 4.23% 4.26° 4.27" 4.21° 4.23
Filter cake 1,000 4.40 439 4.24% 4.24° 420 4.25° 4.26
Filter cake 1,500 4.47% 4.49% 4.28 4.32" 4.24" 4.25° 4.31
Filter cake 3,000 450 4.44°%° 4.40%° 4.47% 4.33%° 4.36% 434
Filter cake 4,500 452° 452° 4.50° 4.49° 4.45° 4.43° 4.43
Grand mean 4.41 4.41 4.31 4.33 4.28 4.29 4.29
CV (%) 1.59 1.29 1.39 2.29 1.33 2.02 2.62
Fotest . . - . o . ns

Mean in the column followed by different letters were different significantly by LSD, *P < 0.05, **P < 0.01 and ns = non-significant
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nasanuuasuiluseazioan 12 dlanif Anaouidu
naa-anEfuNIsaaesliiavuansnglunig
and InedArAnudunn-Ana L’ﬂ?\\jf;l'agl:ﬁ 4.29 Anfu
fldnnazneudasludns 4,500 Alansusials 1
mmﬂmﬂumm-ﬁm@.\iﬁqmﬁ@ 4.43 uazpnfUAILAN
‘W‘um"]mmLﬂumm-m’wﬁ@ﬂ‘ﬁlqmﬁﬂ 4.18 n"3-
Lﬂ?ﬂlﬂuuﬂmﬁ’mf;mﬂumm—ﬁhﬂumauﬁ 35 Wu91
nislaninaznaudasnaffuniImaaeainlian
A unsn-aeluf uii u g uieseafaadag
tnapnsulaninaznaudesludmnsn 4,500 Alansu
sinls arunsainlfAAunsa-Aafiniy
uanfigalu 2 daiudares o anaaidnies
Tudaidenn Inanisfiniulussasusnaes
Adndunsa-Anseaidunazeseanlafduas
AFuRuATeILAn Fau T uasAsynaaenin
menaudas (Table 2) vindfAserulalnsiauuasy
11 (Vance, 1996) 3z iiiieinansnwllanaiin
NITUAUNITAAI AL WITBI R URAT LIV TR
nsdanilastuanlasansie o sanunluasazans
AU ﬁﬁ'quﬁ'\mi:mummawﬁqqﬁqﬁL'ﬁm%mm
Bunidinglugidunsnduniduazeiunie
MlFA1ANTuNTA-Ae anadandes (McLaren
and Camero, 1996) LAAZWL41 N3 MENINAZNDY
gaaduinliaudunsa-nnegendisifunauau
dianandull 12 dUan9 deganadeaiuan
NANBIUAY Srinarong and Panchaban (2003) 1o
NNN9INAAaLHATRININAZNaUsatiuT]aLAise
n1gasey U inaeananandg 5 mﬁﬂﬁuﬁ:ﬁﬂqﬂ
TuAwdy nudn Weldninnzneudesludms
3,000 Alanfusals i l¥AAndunsa-Ang
a1 a1n 6.2 1114 6.8 iTuAETU Dee of al. (2002)
Ty P s, CPITTY TIPS PRRPRR PRI
UFuilpenu fainnsAuRetneAuiTas KwaZulu-
Natal Uszimauawsnala wuqan nslaninaznausas
TuAu Cartref denaliArAuITUNIA-An LR LTy
a0 4.6 \lu 5.4 annnislaninazneuassluamsn
10 Haaniusaniy Laz 5.6 annisldninaznausas
Tudmnan 20 Faansusansy IUALNAINIINAADS
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ANUANWANLNNUTZNITUIDIRAUURIIINITNARDY

AnuaN1sIATITaNTRN1AR 189N g
ﬁmﬁuﬁ 35 waanstnunan 3 nen wudn A
@qm‘ﬁ' 1ludfufildninazneudesnludnan
4,500 Ataniusels Husuruduniadnguas
ﬂ?mm%lmw'a?m‘ﬁ'Lﬂuﬂ‘?:‘imuﬁluﬁuqqﬁm
@ﬂﬁ 0.73 wafidus uay 98 Haaniusanlaniy
?ﬁqﬁmmLLmﬂﬁmﬁVqummﬁﬁﬁunﬂs‘iﬁwmm
(P<0.01) Anfupaupuiliuiureanafadidy
Uszlagumniigaiae 2 fadnfusanlansu T
AuANATlunaB AT UAFUR ldnnAzne
saaludm 500 uaz 1,000 Alanfusals (P < 0.01)
Fundnunadan Sunaaidan wazuunilidas
fuanilasuldludugefiganuludifuilanan
nenaudeasludmns 4,500 Alanfusals A 115
faanfusanianiu 1,071 daansusanlaniu uay
234 findniuseRlansy AUANFD FAALLANGNS
AUNAnANLNNAITLNARES (P < 0.01) FuN04875)
AN AEUTTNNN AT R Ha 9 3unuman
uazunaniia uazdanzafuanianuldlum ugs
1’7{@@ﬁfaﬁﬁuﬁ‘lzﬁ'mﬂmﬂ@uﬁ@ﬂuﬁmm 4,500
Alansusiels feneef 6.0 Aadniusailaniy 16.3
gaanfusianlaniu uaz 1.36 iaansusanlansu
AINAAL (P < 0.01) fouBunnmeunsfinaniaen
I¥uRuAsuRldnnArnaudasludnsi 4,500
Alansusiels SSunmugeiigqaie 0.50 fadniusie
Alansu deliflanaunnsneiiluneadatusisun
ldnnmznaudaaludnsn 1,500 uaz 3,000 Alansu
mals (P < 0.05) (Table 4)
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HADLATITAUNAILNAAT 2 Wi A3
nldnnmynaudanludmnsn 4,500 Alanfusials

Usnnuaunsedng luhugangnae 0.68 wadidus

ﬁﬁlxﬁﬁm’mLLr;*mrimﬁuslummﬁﬁﬁunﬂﬁ?ﬁummm
Tnasnfupauanddiuimduniasngningn
P<00N d3ununeanasadudselaaiinay
Twunadouiuanasuldludussuildnan
nenaudesludnsi 4,500 Alanfurels HFuau
qeiigaia 100 Jadnsusieflanfuua 133 Tadniu
fanlanfu mruanau tnefiAanuuansialunig
anAdunnAfunaaes Usurureanaiady
dslumluay nunaFandesfiganulussuaauau
(P < 0.01) daulFuiniuaa@annasuuniidaud
wanulaauldludunugn Arsufildninazneudes
Tudns 4,500 Alansusials Jl5unmuaadanuas
wunil@aaiuanildeuldqefiqnie 1,189 uas 234
fiaansusienlansu muansu delduansneiuly
neadAfuRUTldnnnzneudaslusna 3,000
Alansusials dousnfuaruanilsniuLAaTaN
wazunnddaniiuandawldsnfign (P <0.01)
Burmmdnuazunanifdaiduilsz sl lununuan
s ldnnaznaudeslugnm 4,500 Alansusels
ﬁﬂ?ﬁmmqaﬁqmg’ﬁ 6.6 LAY 16.7 HaANTNG
AlaNsU ANEAL 98 AHLANANeTUlINNAT A
funnesumaaasatheiiledi Aoy tianmdangd
Wutdlsslaasluausisuildninaznaudesly
&3 4,500 Alaniusiels TUsundinzdgeiian
Ay 1.43 aanfudeilaniy dolddnanu
wansinanulunieadfnuasulaninazneuees
8,31 3,000 Alansusials dausnfumruandLFuIn
Fanzdudszlosinniqaie 0.93 fadniuse
Alansu Usununesuasiifulss Tagdlufuny
geigalusnfuildnanaznaudaslusms 4,500
Alansurals FAnaed 0.53 faanudenlaniy
delafl Aruuanarsiuluntsgdasusisuldnan
nenausesludmsn 3,000 Alansusals (P < 0.05)
(Table 4)
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Punudunsadngluaunisldninazneu

dat 4,500 Nlansusials mmﬁuﬁvmmﬁm 413190
ﬁqiﬁﬂ?‘mmﬁum?ﬂimqiuﬁmﬁ'uﬁumﬂ‘ﬁ'zgm
ADAARBINUNITNAABIVD Donjedee et al. (2019)
Tnginni1maaesnisldl sz lamiindauaznan
Vﬂ@uﬁ@mqﬂiimuﬁ']mm‘lum?ﬂmimiwm
mmﬂmﬂmmmqmumﬂmvn@u@@ﬂmemm
'mma‘mnﬂuﬂ?mm'aummmslummwummu
daflunaainiiuimudunidanfueuiify
aafsznantaaninnznaudes deilgeile 16.7
wefiud anstannsldninaznaudesludma
4,500 Alansusiels Fedaefindiurnveanesa
PFunminunaden USunmuaai@en dTunu
winiliden wazd3uansigeinisainluauly
Lﬁ'uzgq%u WuAEaTUNIIMAGEY Nekir et al. (2019)
fivnnsAnEnaTeenINATNa Ut LAY I UE BY
sanisdsuntlasgnantifinisesiuiifles
Amibara ludszmeaedlads Inanudn nasldnin
nrnaueesluangi 10 AumAeLanANs (1,600 Alaniu
fald) Foudutiueas 20 AuAaLEnNn T (3,200
Alansusals) M lFTuuneanafauazdIunc
Tnunaden luAuil v Wuifingeiu pdrafueny
NAABIUDY Yao et al. (2018) ﬁwmfaummmmm
Tunnsuanulasuleasuuinvesfuiaznandndas
ananinaninaznaudesuazilaluiies Borotou
nanzdunnReawilesesdssmalnmfdag (Cote
d'ivoire) T ldninaznaudasluamns 15 Ause
wnmnag (2,400 Alanfusials) sonduilelulngau
Wagnesa uazlwuna@anludnsi 350 Alansu
fawann1f M1 lddTuuAa@enuazdiunm
wunihdenfiuantdluAuiuiy uazdasanndoq
AUNIINAABITDY Goncalves et al. (2018) ‘ﬁlmmu
ananarednislininaznaudes AanuandFAnIg
wiresrululsumAum@a wudn nnsldninmzneu
fasludman 25 FusaLanmag (4,000 Alansusals)
Tuhuiduszazinan 90 1 ganaliAraa iy
nIm-AN9 BuNTadng Usunnuneanesaidy
tszleay Funauaal@snuasdduimlnuna e



M5@15NRAT 39(1): 59 - 70 (2566)
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Auanwasuls d3uos 49028 wuanifla neaawng
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wazdiuswanimdudszlogdlunuin e
il nastnAunagluszuudainistenaany
a A o a £ ° val - X a
Bunsadagiaau Ml s NTuaeFu
AFuaulaaanlas dananiliuaalasn azansn
dl = [ dl 2
wasuglunduneadasluanfusiuninazaisls
d18n91 gunsinsaAfuetiaf lilazanasinanvng
59 7 AinanannlAansae (Mengel and Kirkby, 1987)
FapasananadudnsilnaiAseiudnsi 4,500
Alansusals AlFlusrunnaaedl daudalu
nianaaeulussiuiesdJiianas weldinlddn
mﬂﬂaﬂuLLﬂ@wmﬁmmmiﬁm 1 s
Wluianenindinesivaudsanane | dszina
A o = = p
nnnisAnluan nelaanmnans agiduEes
Yngulanazindnsgounlsannnimegeu e
ldrnnismageusaluszauliun iafaniw
a wa ~ =
n9dasuulasantddmniaai naadasuudas
N19IARBUNLBIT1ABINITNGNAS | BNAYY B9
= dl ] al o k2
ANTANEIAE BRI NIUININAENa U B8N I 11
n7nas Ll ssmatiawsiunisdanIInauauea
ga9falua 1 un1slFNanan i Somphob et al.
(2002) Wu41 N3l nmENauEas 8 s ald
nlideamnaiuanangendinisldninaznaudes
4 uay 12 Auseld Hell wniansudenauANAN
m\ummmamwum mnmm@u@@mmm?mm
m@q‘ﬁaqqmmmwmw 1 A1n1399 U AN g
UTEngAa unssnTAINT Saudaunsstdun
dunanaeslauazlildinisdhaimng luilaqiiv
ineasnsvzagnaulaginimiinInaznausas
Tl sz lagdnienrunisinumnslelnelu s
Aldae nlda nialdninasnausasive
Wudanfulgeausels Tuauianaasinnsdnmn
AI a =® v ] o ° 4
Waindsuulunisaudedsenauiunisinly1d
UsrlaadlununlnaAagaeaalsganuiinig
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G
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ANTANEILETNININALN AU BENUNIZAN
sanTalasuLlasdnTRn1 AN AL sEn1InLan
NMTUNAYN PaansldnINAzNeautaasmns 4,500
Alansusals denaldaanuidunsa-Araiuau
YFnudunzadng PBununeanasaniiulselond
WBurnnunadonuaniulasuldluiuiingangn
NN YT WAN wNanIHd Nagwa
o ad g - ¥ 2 4
uazdenz@andulszlanigangn luAuiaaaanun
s nneznausas lusnsFAaws 3,000 Alansu
sials annsnananiunsnnesiulugafungs
4 e o o A VR,
# 35 Tudandmaaalud I8 Hatl daindTuausg
BIMIIUAN §17BINITEE UWAZEIFBINITLATH NAY
AN3UNAWTNRAT 12 FUANT nan1meaaansadl
= v Q"‘/ Y @ 1 Yo U a
Huunldua lisiudn naslddagnassldannnisugde
UIRIanIanINALnaugas luamsn 3,000 - 4,500
Alanfusels AAnan wgeuazivung mumm‘u
ﬂsuﬂmmuluﬂ@mmmw 35 Lmvn@mummm
faqmmuuimm a9 laARINNTUININAZNA UG At
Tudmasanaidlinegauiuaninlsuin wWluzas
Pandusaadne e tlusuaa ndluly e Aewsinly
daaduliuninemensinlulfanulununseld
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Abstract: The development of sugarcane (Saccharum officinarum L.) varieties in Thailand is relying on a
diversity of genetic resources. The morphological assessment of sugarcane varieties is necessary for
future sugarcane breeding programs. Therefore, the objectives of this study were (1) to evaluate
morphological diversity, and (2) to assess the cluster analysis of 27 morphological characters in
28 sugarcane varieties from five sources of variety: Kasetsart University (KU), Khon Kaen University
(KKU), Suphan Buri Field Crops Research Center (SBFCRC), Khon Kaen Field Crops Research Center
(KKFCRC) and Office of the Cane and Sugar Board (OCSB). This study was conducted in 2018 - 19 at
the farmer’s field in Bo Thong sub - district, Bang Rakam district, Phitsanulok. The experiment was arranged
in a randomized complete block design (RCBD) with four replications. Each genotype was cultivated
8-m long plot, consisting of four rows subplots. The length between rows was 1.65 m. There were 16 plants
in each row. Eight months after cultivation, 27 morphological characteristics were evaluated and
recorded following DUS descriptors. Morphological relationships were clustered by using the agglomerative
hierarchical cluster (AHC) analysis method. The results showed that the H, ranged 0.43 (OCSB) - 0.56
(KKFCRC). The cluster analysis based on morphotypes can be classified into 4 groups. The first cluster was
the biggest group composed of 13 varieties from three sources (OCSB, SBFCRC and KU), followed by the
second cluster composed of 12 varieties from five sources (OCSB, SBFCRC, KKU, KKFCRC and KU).

The small groups were the third and fourth clusters composed of 2 and 1 varieties from only OCSB sources,
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respectively. The morphological diversity data from this study can be used as a genetic resource for
sugarcane. Therefore, an appropriate conservation strategy should be adopted for these genetic resources

for breeding projects in the future.
Keywords: Sugarcane, morphological diversity, cluster analysis
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Table 1. Sugarcane varieties from different germplasm in Thailand

Germplasm No. Varieties

KU 6 TBy27-0590, TBy28-0348, TBy30-0464, TBy30-0484, KPS 07-17-83 and KPS 07-21-4
KKU 4 KKU99-01, KKU99-02, KKU99-03 and KKU99-06

KKFCRC 3 KKO07-250, KKO7-599 and Khon Kaen 3

SBFCRC 3 U-thong 12, U-thong 84-10 and U-thong 15

OCsB 12 Kpk98-51, CSB07-184, CSB07-199, CSB08-72, CSB08-101, CSB09-10, CSB09-11,

CSB09-15, CSB10-403, CSB10-458, CSB10-89 and LK92-11

KU, Kasetsart University Kamphaeng Saen Campus; KKU, Khon Kaen University; KKFCRC, Khon Kaen Field Crop Research

Center; Suphan Buri Field Crop Research Center; OCSB, Office of The Cane and Sugar Board
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Table 2. Morphological characteristics of sugarcane according to DUS descriptors by Anonymous (2009)

No. Variable Character and score
1 Plant: Growth habit, PGH Erect (1), Semi-erect (2)
2 Leaf sheath: Hairiness, LSH Absent (1), Sparse (3), Dense (5)
3 Leaf sheath: Shape of ligule, LSSL Strap-shaped (1), Deltoid (2), Crescent-shaped (3), Arch (bow) shaped (4)
4 Leaf sheath: Shape of inner Incipient (1), Deltoid (2) Dentoid (3), Unciform (4), Calcariform (5), Lanceolate (6), Falcate (7)
auricle, LSSIA
5 Leaf sheath: Color of dewlap, LSCD Green (1), Greenish-yellow (2), Yellow (3), Yellow-green (4), Brown (5), Purple (6)
6 Leaf blade: Curvature, LBC Erect (1), Curved tip (2), Arched (3)
7 Leaf blade: Width, LBW Narrow (< 3.0 cm) (3), Medium (3.0-5.0 cm) (5), Broad (>5.0 cm) (7)
8 Plant: Adherence of leaf sheath, PALS Weak (self de-trashing) (3), Medium (semi clasping) (5), Strong (tight clasping) (7)
9 Internode: Color (Not exposed to sun), Green (1), Green yellow (2), Green white (3), Yellow (4), Yellow green (5), Yellow white (6),
ICNS Orange white (7), Greyed green (8), Greyed yellow (9)
10 Internode: Color (Exposed to sun), ICES  Green yellow group (1), Yellow green group (2), Yellow group (3), Greyed group (4), Brown
group (5), Purple group (6)
11 Internode: Diameter, ID Thin (<2.2 cm) (3), Medium (2.2 — 3.0 cm) (5), Thick (>3.0 cm) (7)
12 Internode: Shape, IS Cylindrical (1), Tumescent (2), Bobbin shaped (3), Conoidal (4), Obconoidal (5), Curved (6)
13 Internode: Zig zag Alignment, IZA Absent (1), Present (9)
14 Internode: Growth crack (Split), IGC Absent (1), Present (9)
15 Internode: Rind surface appearance, Smooth (1), Corky patches only (2), Ivory marks only (3), Corky patches and ivory marks
IRSA present (4)
16 Internode: Waxiness, IW Light (3), Medium (5), Heavy (7)
17 Node: Shape of bud, NSB Ovate (1), Obovate (2), Oval (3), Round (4), Pentagonal (5), Rhomboid (6), Rectangular (7),
Triangular pointed (8), Beaked (9)
18  Node: Size of bud (Measured from base ~ Small (6 mm or less) (3), Medium (6-9 mm) (5), Large (9 mm or more) (7)
of bud to the tip), NSBT
19 Node: Bud groove, NBG Absent (1), Shallow (3), Deep (5)
20  Node: Bud cushion (Space between bud  Absent (1), Present (9)
base and leaf scar), NBC
21 Node: Bud tip in relation to growth ring, Below growth ring (1), Touching the ring (3), Above growth ring (5)
NBT
22 Node: Prominence of growth ring, NPG Weak (Not swollen) (1), Strong (Swollen) (9)
23 Node: Width of root band (Opposite to Narrow (3), Medium (5), Broad (7)
bud), NWR
24 Internode: Cross-section, IC Round (1), Oval (2)
25  Interode: Pithiness, IP Absent (1), Present (9)
26 Plant: Number of millable canes (NMC) Low (<3.0) (3), Medium (3.0 - 5.0) (5), High (5.1 = 7.0) (7), Very high (>7.0) (9)
per stool, PNMC
27  Plant: Cane height, PCH Short (<1.75 m) (3), Medium (1.75-2.5 m) (5), Tall (2.6 — 3.25 m) (7), Very tall (>3.25 m) (9)
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27 FnEUL AL UT AN LAN A1 TaIANHOLE
tae waznszatslunndosutesiudes laun ansu
aee 48 wazly InaluumazdansnizdaAnuunansng
29931 UL PBIAN LTI ( "Emﬁmiwudw
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NNANEULYINAL 0.69
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DezAUge (50 - 118 %) ﬂmfj”u‘l,uzi”ﬂwngﬂ‘méuslu
(LSSL = 12 %) Analy (LSCD = 12 %) AYHgIAU
(PCH=17 %) 208UANANTBILIARS (IGC =27 %) 21U
finwily (LSH = 39 %) uargtlsrayludaulu (LSSIA
= 46 %) wualnuulsUsiuaestinaneusdaslu
FEsUAN (< 50 %) (Table 3)
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A1 H AINNII9ANANE AN LUAINUEG
(5 WNAINUE) WUANRAETEMIN 0.43 (OCSB)
014 0.56 (KKFCRC) ynuuasWuguansdn A lu
seaulunany (Uezuane 50 %) dlafiansunly
WA ATANEUTTBINITAVUNATNUUAINUE WG
zﬁ”ﬂwm:gﬂéwéuiu (LSSL) wazdmalu (LSCD)
HAndasgn (Hy, = 0.10) Tumnansaiuinuanmsuy
mﬂ@mm@immtm (ICNS) HAungn (Hy, = 0.90)
(Table 3)

TUN19UsL I UAMNNANNUANETRIAN UL
dnugnu Taeld A1 Shannon's index (H) ffu 3@ H’
TuanwozlaiAngs mefiﬁwumwuﬂiﬂmu
rmummwumnwmvﬁ@ﬂlmnwm”uu I #4920
m‘mm:r']ummfwﬂivmmmfaqwuﬁfafaﬂm 28 wuﬁ
Hglunuuay IU1AAINNULTU 9T LA FINa T 1
nstsuifiuluszauiug seudneiugnne luuwnaanug
deRansunnanunainuanalunsaydne e
wupranlsu s unansiiegs Tesennda
AUN1INAAA418Y Gashaw et al. (2016) A&
N19U 3N UAIINNAINNANLNINA UGN ITNL DY
WUGNIINEBEATUIU 400 A18WUG AINAN T UL
\FaRunan 16 anwoue Tudszimaeslaids wudn
anwouzdaulugHarunainuanags (H > 0.70)
gnifuaneaizsasunnanlulana (presence or
absence of stalk corky cracks) AA1ANMaINUane
ﬁ?ﬂ‘ﬁlqm (H = 0.43) u@ﬂ@’mﬁwugmmmm:izﬁu
AT UTRIAINNMANNTIANE o TILANANSTL
FTUINWUTAYUBNUUAINUT AINNTATIZT
AITNUAINNANHUBIAN B UL AUTIUIRR U B e
ATHUUAIR UG WUIN AradaFTiaaumnann
nanang (H) mQQLLﬁ@zLLuaqﬁuﬂﬂm@mmﬁﬂq
fusruaulszanaiugdenluundoiudiy I
Ei ﬂumwwﬂm@mmu (KKFCRO) mwmu
Wugeae m‘vmm WANAN H m\‘mm ULTIET
mummﬂm:ﬂﬁumi@@ﬂLmem@m’m (OCSB)
farwauiuides uanfige uinduildn A snige
TLALANNNAINUANETBIANHUTN AU T
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Table 3. Estimates of H’, partitioning into within and between sources for 27 morphological characters in

28 sugarcane varieties

Sources of varieties

No. Character code H' Hgy
KKU KU KKFCRC  OCSB SBFCRC
1 Plant: Growth habit, PGH 0.49 0.32 0.29 0.05 0.40 0.49 0.34
2 Leaf sheath: Hairiness, LSH 0.39 0.32 0.24 0.24 0.28 0.39 0.38
3 Leaf sheath: Shape of ligule, LSSL 0.12 0.10 0.06 0.1 0.1 0.1 0.10
4 Leaf sheath: Shape of inner auricle, LSSIA 0.46 0.28 0.25 0.29 0.29 0.15 0.18
5 Leaf sheath: Color of dewlap, LSCD 0.12 0.10 0.10 0.08 0.10 0.09 0.09
6 Leaf blade: Curvature, LBC 0.59 0.44 0.46 0.45 0.41 0.43 0.38
7 Leaf blade: Width, LBW 0.79 0.53 0.50 0.52 0.55 0.56 0.48
8 Plant: Adherence of leaf sheath, PALS 0.70 0.54 0.55 0.56 0.52 0.59 0.46
9 Internode: Color (Not exposed to sun), ICNS 1.01 0.90 0.83 0.82 0.90 0.94 0.78
10 Internode: Color (Exposed to sun), ICES 1.18 0.86 0.81 0.72 0.93 0.94 0.80
11 Internode: Diameter, ID 0.87 0.71 0.62 0.57 0.69 0.75 0.80
12 Internode: Shape, IS 0.80 0.62 0.59 0.68 0.88 0.34 0.49
13 Internode: Zig zag Alignment, IZA 0.71 0.51 0.51 0.40 0.69 0.20 0.23
14 Internode: Growth crack (Split), IGC 0.27 0.23 0.19 0.32 0.23 0.20 0.1
15 Internode: Rind surface appearance, IRSA 0.50 0.41 0.41 0.40 0.47 0.32 0.28
16 Internode: Waxiness, IW 0.99 0.70 0.69 0.68 0.63 0.68 0.76
17 Node: Shape of bud, NSB 0.98 0.82 0.76 1.10 1.41 0.22 0.40
18 Node: Size of bud (Measured from base of
0.90 0.57 0.40 0.48 0.54 0.36 0.69
bud to the tip), NSBT
19 Node: Bud groove, NBG 0.81 0.54 0.46 0.45 0.74 0.28 0.62
20 Node: Bud cushion (Space between bud base
0.99 0.85 0.88 0.76 0.77 0.60 0.75
and leaf scar), NBC
21 Node: Bud tip in relation to growth ring, NBT 0.83 0.62 0.64 047 0.64 0.39 0.75
22 Node: Prominence of growth ring, NPG 0.95 0.74 0.72 0.41 0.60 0.58 0.71
23 Node: Width of root band (Opposite to bud),
0.68 0.54 0.24 0.45 0.35 0.65 0.33
NWR
24 Internode: Cross-section, IC 0.83 0.57 0.56 0.45 0.74 0.25 0.28
25 Internode: Pithiness, IP 0.97 0.62 0.57 0.62 0.82 0.49 0.53
26 Plant: Number of millable canes (NMC) per
0.65 0.58 0.52 0.47 0.50 0.43 0.56
stool, PNMC
27  Plant: Cane height, PCH 0.17 0.1 0.08 0.08 0.05 0.09 0.09
Average 0.69 0.52
Mean + SE 0.48+0.06 047 +0.04 0.56 +0.06 0.43+0.05 0.46 +0.05

H’ diversity index for each character calculated from entire data set; H,,: average diversity index of each character for the 5 sources; Hg,/

H’ proportion of diversity within source; and (H" = H,)/ H" proportion of diversity between sources in relation to the total variation.
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’Lﬂmmwwwuﬁniiunum (Chaisan, 2020) 11
NNAUNY wuﬁwmmﬂ KKFCRC #@n H’ mmm
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ANHUTH N ] faanInuandeufinainuansy
1emnd

atinglsfinu AnadnaauuaInuant
1R9ANHULAUTUIENINUNATAUG Uanaliifiugn
TTALAMNUNAINUAILIRIAN U AU FIUAN
usazunasnug A lnaLAs iy deannainmany
INATaread Ui IlALNEIRUENITNUTRAN
miu,@nLﬂ?zlﬂmmdw‘w”uﬁqmsuimdfmﬁ“u GRERR
danalusrarend vinlignuiugnssndesluauian
v09lnsuALAYTaY | LATANHARBAIINAINIID
Tunsdfudaresdansiaaninuandeniiulslsou
UATNNIITAUINTLRAITALATULNAIARIFANG ] 109
daeluauAR (Pinata et al., 2018) asnalsfin 1y
LLﬁN@ﬂﬂiﬁﬂmﬁ%ﬁLﬁugﬂLL1_|1_| WATNNINITANEAY
189AMUNAINUANBIBIANH U9 du Ul
Wugdesluszduliunang mmqmmdqﬁuﬁ:‘ﬁ'
anAyaaslszimalng wailefiarsunluusas
Anwaenudn ueanerusluuIaiugdan
AINNAINUAIYY TusEALge (K> 0.90) 11 Tu
fnwuy Faesddeidfleldgnuas (IONS) Faas
ﬂ@”’a\uﬁ'agmma (ICES) n1swmaavuRataas (IW)
gudnamndas (NSB)auIA1asn18ae (NSBT)
gmmé’ﬂﬂ (NBC) zi”ﬂwmm@mam?cy (NPG) Lhag
saaan (IP) Insaneizaanatauanainaz iy
anwnzilszaniugudn delderTandludu
neRmReneinUszAnEnmnisen gy 3u$19m0
808 (NSB) 7u1A18IA1gae (NSBT) §1undet
(NBC) UANANHANH UL T88LAN (IP) 1841 a 84
Faiusnuousiivusaunntesnanandasdas
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UBNAINH ATINUAINNAEVBIANH DT
NN IUTIH A NE ATy e 19NN UN A
Wugnesndas T9A29838n199an 9 TunNse YN
Wugnssuwmanildadnamunzan g msuidugiu
o dl kZ o A G o o
WugnasunldlunisAniaanusedl fulganug iy
AUNAR (Gashaw et al., 2016)

NMSAANNANNANWUSN AN HUEAIGIY

NTIANGNANNANNUTN19WUENTTN
AINANHUTAUFIUINUIU 27 ANBUT A28TENT
agglomerative hierarchical cluster analysis (AHC)
vaeiugnITudan 28 ug T arunsnanuun e
4ngu fRndudszdniozes U119 UgNIIN
(distance coefficient) mﬂﬂLLmawqwuq Wiy 0.18
(Figure 1) Ineingaiuan (1 cluster) Usznaudasdas
ATUIU 13 Wug AN 3 UnaIWug (OCSB, SBFCRC
wag KU) ﬂ@g’m‘ﬁ'mm (Il cluster) Usznaurasdas
AU 12 WUG AN 5 Unaeiug (OCSB, SBFCRC,
KKU, KKFCRC ae KU) ﬂ@ju‘ﬁlmm LLZ\]&% (llland
IV cluster) UsenauAf8808a1U91 2 WAy 1 WG
MINAIAL AINUWNAIRUE OCSB ANNNIITANGH
ANNANRUE AN BTN 19dDIgI1 A983E AHC
waasliiudnniugissdunanindianig
WugnaTugs enaiilasunanndusiilaiuganann
AnusInyEhnaiuvise lndlALiu (Milligan et al.,
1990) wanainif Wuﬁfé’am'quslmgﬁmmmmm
Wugiheaiugndneg lunguineaiu fearailunann
armdunignisAnaenludneazn1ednigau
Wenny i liiugnIsudeanuAasuna i ugH
AN INATANISTUGNITNITUI A8 N UTea8Iga
(Thongpaiyai et al., 2012)
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Figure 1. Clustering of 28 sugarcane varieties into four groups using 27 morphological characters
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Evaluation of Fruit Quality and Principal Component Analysis of

Spongy Tissue Symptom in ‘Namdokmai Sithong’ Mango
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Abstract: Spongy tissue is one of a problem of 'Namdokmai Sithong' mango fruit quality. This experiment
aimed to study the physical and chemical qualities of 'Namdokmai Sithong' mango fruit with spongy tissue
symptoms. The experiment was carried out using a completely randomized design (CRD). Mango flesh was
divided into four groups; 1) healthy tissue from healthy fruit (HTH), 2) healthy tissue from spongy tissue fruit
(HTS), 3) tissue near spongy tissue (TNS), and 4) spongy tissue (ST). The results showed that ST had
lightness, chroma, hue angle, total soluble solids (TSS), and titratable acidity (TA) lower than HTH and HTS.
The ST fruit had the highest dry weight, TSS/TA, and phenolic compound. Principal component analysis
(PCA) revealed that physical quality parameters in ST were clearly separated. The PC1 and PC2 could
explain the main variations of data achieving 77.6%. Chemical quality parameters of HTH and HTS were not
separated. Therefore, spongy tissue had no impact on chemical qualities of healthy tissue from spongy tissue

fruit.

Keywords: Physical disorder, Mangifera indica L., postharvest
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difference Rz AuAINN @R 95 Wlafidus Tne
nmaneslduanzdasiuiinaenlidnedd
fmqmalﬁ‘uLﬁﬂquﬁqmﬂmﬂmuﬁwmm sz
100 119 105 9% AINAIUNZHNITDIUNBATNIELND
wuAsLazeNneniIe Saudmdealud aquau
163 HA TUAIALINEUAUTLAINA TTaziaan i
Ansaudelaranns 1.5 Falua ndsanntiuLfusne
7l 15 a9ATAIT Tmmu_iqmimaufzauw'w

healthy tissue
of healthy fruit
(HTH)

Healthy fruit (A)

aanidu 4 ngu laun 1) Lﬂ@m@qmﬂnﬁ 2) Lid:'ﬂ
Unfaesuafifianniaiialngs 3) Luwaﬂ‘lﬂmmm
FuLHefiden atielns uas 4) iefiflannisiiie
nse nguavatnetes 10 A99819 (Figure 1) Y11
NNINARBITENINUADY FUINAN 2562 D9 A8
2563

N15ILATIZUADNINNNILNTN

Aiflana: Sadillonagaainias chroma
meter (Konica Minolta % CR-400 U3#% Minolta
ﬂixmm'jﬁu) tufindradnusielagniseuiile
Nzainalugauaniau (Contherm §u Thermotec 2000
Oven U3t Lab Focus dszmetlng) figaungd 70
aaraaidea 1unan 3 5u dhuntaiimingas
iAaetadiminAavanaio 2 Aaumils (Zepper
14 ES-1200HA U317 Zepper Instrument Useina-
Ine) uazAwInILN TN Wi TeaLiena ity

wafidust aangaunng
Pminuia = minuaseuaiviinnieanay)
x 100
healthy tissue of
spongy tissue fruit
(HTS)
P

spongy tissue (ST)

tissue near spongy tissue
F (TNS)

%

Spongy tissue fruit (B)

Figure 1. Mango tissue: healthy fruit (A) and spongy tissue fruit (B) of 'Namdokmai Sithong' mango
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NNSLATENAIDENIUNIG
wuilenzdanflugnidngudn EGE
lulnsaumaitelfiloustaudafatinenis
U ldud lugududegunnd -50 avAma G a
fwaan 151 annduinliidniases freeze dry
(Labconco §4 FreeZone Pluse U3y Labconco
dszmAanigainsnn) lunan 34u Yifiauzaing
wissuasaaingeuaen WAWuldgedd waziiuinm
Tunrauzussgiantaafidindafiada evnld
1 lunnsaaseflsunuualsnue e mLazuin
anstlsynaluedAniiave

N153ATISUAUNINNIILAT

USurnuaesudaiaunaniazanaunls:
FAa1NUNAUIBIHANEHINEAF2ELATRITAUR
wiaanumfazataullduuuAaia (digtal
refractometer: Atago PAL-1) U3 aunsaiianaun®
mwmenla: Alun1sAINITN17999 AOAC
(2000) M ilanzdqvanRtTuazidam 5 nfu U5y
Furmgaaguinawliiide 100 iaaans a1y
Innsasnagsazaalananlansanlasaan-
v o o . dnse Y 4
g 0.1 N H1A R Ie AU TN N IAInN AR
Mmnenls dnsndauszninelTuiuaaandan

Y e a Y 4 N
aratsullasalTuaunsaiaunan nmen'la
(TSS/TA): ANUaMANNF AU adUF N LB LT
avanenlgralsununsaninmen e

USUAUARIAUT: A1LTHWNTAINITNNS
294 Ranganna (1986) Ina ld e nzdqsanii du
azidem 10 N Usud3uamadu 100 Raaans
v a v v & @ -8
FNIABBNTIANAITN NI 0.4 11 8§15 146
ANNUUNTAIARLNTTANENTEY ITANTAZAAIDE
1US41m3 10 NaAAMT MINIAFA8417a2ANY 2,
e-laranlsWuea aulaWuea A NI TNdw 0.4

& @ & © 1 dl Y o a a a =
Wafdus A leAulFunudntudiae
insaueamasiniu equivalent ANaNN1TA9H
Fuunsanadaasin Haansulusaacng

Wutingm 100 nFA) = (b/a) x 100
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a=15unsddendulauean 1 nmsn
nIALRAARTLN 1 Naansu (a1n standard)

b = Wsumsadenaulailuaafildlnimem
NIALAAARTLN ANNANTAZANFIDLINS

BFurnuualsnuass: 31ALdiRINdanIg
989 Rumainum et al. (2018) T4 et 1quia 1 n5u
P HLENEEULOT LALENIUAA BRTIE9%U 2:1:1 UFHNRT
25 NARAMT 11 10 W% andulduindu U3ums
5 1aaans e 5 ud i lddnaAnisganauuas
saeazTedilalnsinIndimes (Thermo Genesys
10S Vis) NAINE19AAY 450 W1 lumms U1Anla
Availsunwalsiuas Al e uiul3un
weiuAlsTiuNImsg

1BunnuanslsznauAuaanianum: ATz
A1NATN199949 Rumainum et al. (2018) ldsaat1g

v [ a U £ @ o
wika 1 NFN BNENINeAAINNENDY 80 1laFiFus
dld oA v % & @ & 2
ARNTANDFNNAINTNIU 2 L a5idus USHmg 5
Faaams 11 ldde3e4 ultrasonic cleaner (Elma S
30 H) 11981 30 W% annsuin Tl Tuwdeanae
LATRLIUAINAS (Hettich Universal 32 R) #1 9000 x g
gruund 5 avAaldad unan 25 wai udou
Afluraswianlald UnnznauNInITIA NI UAaY
4197 U Yraaanadlangaesnsansonny Td
A982a1862289UTN1MT 0.5 NaaamT ANy
\A N Folin-Ciocalteu U3n1ms 05 Naaamns nald
g 5 Wi BN IEALNAITURUAANNIT N DY
75 wafidus Usunms 1.8 Faaamns naldifuman
a o o & % P

60 un# U1 lddnrAIn19ganauLaIA28LATE
Alalns T InRmes NAusnAaL 765 W luiNmg
o 1 dl v o =) al a
drAilaAruaiunlsunansdsenauluaan
ﬁwumimﬂLﬁﬂuﬁuﬂ?ﬁmmnmLmaaﬂmm;gm
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TawA deaiiana waudnude Usunmiuaanda
WauuANazaaun Usniunsaianuai lnmem
18 amadauszudnelsunaendaiazanaunle
L e Y 4 v = a o~ oa
AAUTNIUNTATINN AT I Tn be UTNIWAIm1 AU
Sunouualsiuas s waziFunnianslsznauluaan
naunm taeldldsunsn MATLAB version 7.0
(The Math Works Inc., Natick)

NANISANEIWAZIANGTOE

ATMWNINIANTIN
AanaRaINNI33LATI T AN INN I
o & | a PR
ANUNINTRIRHANTNANHAUNALAZNAN T
& . o X
an1ielngs wudn Wenadnd WelnRueana
PRy & & A v 1
e n19uenes uazileieg IndiAsesiuiiialngg
HA1AINAINY (1Y) 2 lu199 62.56 + 1.20 - 65.31 +
0.71 A1 chroma (C) @ luta9 41.47 £ 1.17 - 46.49 +
1.01 wazA" hue angle (Hue) 2t lutae 86.78 + 0.57
-87.58 + 1.68 4N AN UANFANITUNIED A
Fel A INAA 89T UINWAIS U89 Rumainum et al.
(2018) No1e9 udNlanalnfraaN sl ug
Unnenld@neslmn L wae hue angle 72.3 £ 0.5
WAz 83.0 + 0.4 ANNANAU Tneilanal AwanaLd
Tun1snaaeailiilalnsaliAn L* C wa hue angle
taandnianagingudnesiu Inadan 49.15, 25.51
LAY 78.11 MINAIAU (Table 1) A9ugnadniiland
& N 8
AN1TEe NS HAAAN

Pnwde ; dnuslnuieaeailenansuag

Unf Welnfresnandeiniailalne adasl
Tnadeaaduiiangg AN uANFANTUN194T /A

L o o .
waauT i uingel AL nnwiaNInnd e
FagNg1d9m Tnadunmiinuwie 58.29 wlafidust
TuanssinedaelnAN U ndnui 43.81 £ 0.36
wafidus Shivashankar (2014) 18971491 WIBHA
4 R A o e
Mdulnssirdasndntladnanasneunamaniu
J - 4 4% & .
HagaNnini1apaaunaasianianallee uay
fFanliiiaAudsunesellled Nl aLaT AN L
D ENDRIR

ADININNILAN
YFururesndariauunnazanaunle

3urureaudsianunnazanaunle veailana
UnAnaznanlan1sialnsalAauuanmnany
N19405 (P <0.05) InaSunnuaasudarianuan

Y. X - F I i
azast bdreienalnfuazilelnfveanans
an19ielnsalAnnndndouiilalnsant g
AdadnAtyneaia (Table 2) WasannillaLtiatisinm
d - & - o
nnneniiainss iWunisiauiaunaiiilena
(Chantrasri, 2013) atlafninainisiiialnsaas

v v v aa o Y o 4?1
gnnseiuliairaesian vinlidnsnisnelageau
waziingszazgn inlilBuinsaanas iegann
neagnin Il 1diduanssesulunszuaunisuiala
wargndsmsnziflilifludanna (Pithakpol and
Rattanapanone, 2013)

Table 1. Physical quality of 'Namdokmai Sithong' mango fruit flesh related to the spongy tissue

Mango flesh Flesh color
Dry weight (%)
samples Lightness (L*) Chroma (C) Hue angle (hue)
HTH 65.31£0.71 a 46.49+1.01a 86.78 £ 0.57 a 43.81+0.36Db
HTS 64.79+1.04 a 42.01+1.02ab 87.36 £ 0.52 a 4755+0.93b
TNS 62.56 £ 1.20 a 4147 £1175Db 87.58 £ 0.58 a 4545 +1.07b
ST 4915 +1.77Db 2551 £1.98¢ 78.11+£1.68b 58.29+2.07 a

Mean values with different letters in the same column indicate significant differences (P < 0.05)

Remarks: HTH = healthy tissue from healthy fruit; HTS = healthy tissue from spongy tissue fruit; TNS = tissue near spongy

tissue; ST = spongy tissue
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UFurunsaianuan nmenls: Usuo

Y - . & - da
naaveuuaninmen’ls veaillanalnfiuazuani
211711 NN AN BANANIAUNT9ADH (P < 0.05)
(Table 2) wiiaganniidaidafninainisiiielngg

gnnszauliainuefiau inliansnismealage il

I3uunInaesnanziIanad 1HaIAINNIAYN
Nl i uanssssulunszuqaunisungla (Pithakpol
and Rattanapanone, 2013) @8AAARNNLI1UIAY
484 Trivedi et al. (2015) 13189711491 USu10unsm
Y 4 . X e X
ennai lnmealfaeauilonalnfiAngendniiions
PRy &
nRa N7 lneg
FMINEIUITUI LT UTRILTIN Az AN
1@mﬂimmmmmuumﬂmmmim (TSSITA):
FnmdauszudnetBunnaesuiaimuafiazaneii
185 0U3unnunsasanuailnmenldresbona
Unfvazuaniannisiilansalmnuumnnsmn9iy
NEDA (P < 0.05) (Table 2) HalEiaNiinainig
d” U Y v aa o Vo
walnsegnnszsuliainaenay inludnsnimngla
4931 uazidngozazgn USunninnaesnanzang
ARAY N1TAAAIIDILTNIUNIARIA ATUNTAN AL

a & H £ o g9
N198AAUAILTNLAZ NIRRT U ANA Tan1 19

fnsdauseuiedIunniaecudanazanaunlase
Bunnsananua? s AN ANALNTY (Pithakpol
and Rattanapanone, 2013)

BUNUIAIAWT: N1931ATIEHAUNINTNG

o X - da & .
wRralanalnfnaznaniaini1iiangs wuqn
Sunnudmauduaailenalnfvaznaniainig
WalwsaldunnsA1aiuni9ad @ (Table 2) Y3unau

2 a o = S TG VP S VRN § &
']ﬁ]"]ﬁJWﬁ‘ﬂ'ﬂ\‘iLu’ﬂVI@%sLﬂ@Lﬂﬂdﬂ‘]_lLuﬂIWNLL@ZLuﬂIWN

= v v 1 dgll a dy a
Fuurludasndnilievasnalnfvaziialnmaeg
da & 4 S
nanNeaIn1sielngg wWesannuiasilenienng
Walnrafaulawazuenas@andng (Chantrasri, 2013)
o v di‘ d‘ a o 1 v v v aa
e @eusnusinaiagnnszsuliasaenau
o o 2 e e .
waziiadnsnismnalagaau vin lisunouianlas]
ascorbate oxidase WX LATHFN1UIRINUT
anay (Pithakpol and Rattanapanone, 2013) 9 Mitra
and Baldwin (1997) 318911491 e dennisiiiaTnea
Ansmuaanasinmi
P3unnuualsnuas s n199LATIEILTuNu
- . X - i &
walsvessuaianatlnfwazuaniannisiialng
lalupnseTun19gd @ (P < 0.05) (Table 2) lugau
= - & Ao & =
m@qﬂ?mmumiiwu@ﬂmmml,wawummﬂwaiwmu
A5 (Table 2) Lummmmij‘wummmmmmmﬁm
mmmﬂmﬂmiwLu@Lﬂfaml,qmmﬂmmmuuaiwm
mmmmmmwmwummqw (Uthaibutra and
Whangchai, 2013) aenn I auumlsiues daes
& a |a o = % o .
walnsall3unnien Gagenaa ey Mira and
Baldwin (1997) 19184711491 Handanisiiialnes

Table 2. Chemical quality of '"Namdokmai Sithong' mango fruit flesh related to the spongy tissue

Mango Vitamin C Carotenoid Phenolic
flesh TSS (%) TA (%) TSS/TA contents contents compound
samples (mg/100g FW) (mg/100g DW) (mg/g DW)
HTH 17.81+0.27a 454+006ab 750+0.74ab 9.09+1.37 158+030 4.40%0.09c
HTS 16.12+0.93a 757+0.20a 329+067b 1587 +3.55 166025 7.41+150¢c
TNS 15.08+0.71ab 350+029b 10.34+340ab 350+2.00 043+0.16 17.60+4.06b
ST 11.99+1.96b 1.31+£020b 1359+3.90a 6.00£150 0.16+0.00 36.39+10.84a

Mean values with different letters in the same column indicate significant differences (P < 0.05)

Remarks: HTH = healthy tissue from healthy fruit; HTS = healthy tissue from spongy tissue fruit; TNS = tissue near spongy

tissue; ST = spongy tissue
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FSuanusualsiumnn Inaualsnuesmidugnsd
o dl o v 1 aal A =3 dy a
PANNN NN NAA A 29D94 N wazlulausiond
WalwsedlFunuanslsznaui ua@ngs (Table 2)
AﬁJ =l a = c v '3
Feasdsznauiusangneandladaaaiaulss
polyphenol oxidase (PPO) Huasansilasuuilag
al v o o v a aaa a a sg
Avaena Wuazdn M liAnUfAsen1aiadunia
(browning reaction) (Soto-Vaca et al., 2012) GR
A0AARBINUI1UAIR U de Oliveira Lima et al.
(1999) As18191191 TunanzsaaiiainsiiaTnsed
Aanssnaadia sl peroxidase (POD) Wag PPO 44
ANNANZHNMNUNR
U3uuansssnauNuaanianum:
N9 ATHUTNN AT s na U UB ANTIIUN AT
& a A & |
Wanadnfwaznaniainiaiialngg wudn 8Aau
WANAINNWNI9406 (P < 0.05) tagansdsznay
WuaaninarelemdulnsaliAininngana
36.39 aAnFuFanTNUIMINUAS FegandniTuan
o - & -~ 4 4
a17tdsrnaunueanluilenalni Walnfuegua
da & I
e ntsilalngg wazileney Indreailalnes
aei1aNIN (Table 2) 49AARBINLUINTUITEUDS
Oak et al. (2019) 191891191 LiaElaNniina1n1g

dalnseilunnansuszneufuedanifingu
TENINANTZUIUNNTEN feansszneuuedn
danandfiduansiiuayyadase a¥ 19t
Lﬁ@[ﬁ’ﬁuﬂﬁuim (Pithakpol and Rattanapanone,
2013)

MgItATIEasAlsEnaunan (Principal Components
Analysis; PCA)
AINNNTIATITRIALsENaLUANTetaLyA
ATAINNINNIENINNLIT PCT Ay PC2 418130
waasaNulslsoundrAnyvasdeyals 77.55
s @ - ' & Ao & =
wafidus waznuan wandainiailalnged
PCA scores NeNaanN1aIntHaN s NNANH s a Y
Tuwrnziilenadni ednfvesnaidainig
& & A | v 1 =~
Walnss uazieneyglndiassdiuiiiainged
scores 183 PC1 uay PC2 ag lusnumislndlaeanu
(Figure 2) Tauamaliiudilenadlni eni
PP & & A v = o
Pa9uaNNaIN19ilalnes wavilefeg InaiAeaiy
& ao do v e
Walwsaiidayannininnienienni lndipeaiu
T9aanARBTUTBYAAUNINNINIENINTDILLE
HNEUN (Table 1)
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4

<o
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(=]
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PC2 (22.02%)

healthy tissue from healthy fruit
healthy tissue from spongy
tissue fruit

tissue close to spongy tissue

spongy tissue

-3 -2 -1 0 1 2
PC1 (55.53%)

-4

Figure 2. PCA score plot (PC1 vs. PC2) of physical quality parameters of 'Namdokmai Sithong' mango fruit

flesh related to the spongy tissue
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Figure 3. PCA score plot (PC1 vs. PC2) of chemical quality parameters of healthy tissue from healthy

(HTH) fruit and spongy tissue fruit (HTS) in 'Namdokmai Sithong' mango
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Abstract: Cutter (Symphyotrichum ericoides) is an economically ornamental crops of Thailand that has been
utilized as cut flower and landscape plant. This plant is generally sensitive to day-length and fertilizer.
However, the research on night-break and fertilizer rates on this plant were limited. Thus, this research aimed
to study on the effects of night-break 2, 3 and 4 hours and fertilizer rates 0, 1.5, 3.0 and 4.5 g/pot on growth
and development of cutter (Symphyotrichum ericoides). Plants were grown under plastics greenhouse with
temperature of 27 + 2 'C, relative humidity (RH) was 70 %, and the average midday light intensity was 836.0
pmol m?s”. Growth and development were recorded for 3 months. It was found that at 70 days after planting
(DAP), fertilizer rate 1.5 g pot’ treatments increased the highest average of plant height, leaf greenness
index, and net photosynthesis rate. On the other hand, flower quality was the lowest when supplied with
fertilizer rate 0 g pot’1 treatment. We concluded that using night break for 4 hours combined with fertilizer rate

1.5 g pot” gave the highest flower quality, fresh weight and dry weight of Cutter.

Keywords: Aster, flower quality, short-day plant, photoperiod, fertilizer rates

91
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5@15NEAT 39(1): 91 - 103 (2566)

unAnta: ﬁmmmﬂﬁuiﬁmnLﬂmﬁﬁ@ﬁﬁ’ﬂi:‘ﬂmﬂﬁ%@ﬁqLﬂuiﬁﬁmmﬂﬂ viedgnisziuutas faadiai
HnnspavauedsionNenaiu uaziluaudiemnn fafjwvl,aﬁmm‘ﬁmg@mﬁﬁﬂL?'wlmﬁ“umﬂﬁ’t,t,mﬁ'“ummmqﬁu
i'fmﬁuﬁmmﬂﬂuﬁmﬁmﬁﬂ"aﬁﬁ@ﬂ miwm@mﬁ%quﬁﬂmmmmmﬂﬁumﬁl’uﬁwnmqﬁu 2,3 uaz 4 Gl
wardmaile 0, 1.5, 3.0 kAT 4.5 nFuFanILAg fids HaRanITaTyAUIRURIARLART (Symphyotrichum
ericoides) Inesinnsignammasiulssdaunanafniidquunil 27 2 ssrngaidaa arrudulueinid 70
wefidus Anuiduuasadsneunansiu 836.0 pmol. m? s’ Tuindayanisasgiuladuscazinaiuiy
3 ieu nanamasawmL) udednelan 70 Tu Fudmpeslunssudaildsuils 1.5 nfusansznne fanugedy
ﬂ"]mmL*ﬁmmmuLL@“ETmmma‘zﬁ"qmewwﬂ,mu@?{mﬁm Tunmsada nslasuils 0 nfusensznne denaly
faflnnunmaensiiga annamaaesaql leiin nasuAad IdFuuasAutananeA 4 Falusdaniusaanils 15
niusiansznne ligninmeen fiwinas uaziwiinuiegega

AdATy: weaas AaNAeN NEdudl dasuas dhands

AN wALARganaIvAuAT oA uayuninA Ul
o v A a @ as o A oA
adu e Tnfunan il Audasnanefwie
ABmasuzaNAan Symphyotrichum ericoides  WiAANT9aFamInen uazldnanidamunin anda
(L) G.L.Nesom waziidaansityvanada laun white flataspauAnliaanaannEeniy INBAINIAIEINNID

heath aster, frost weed aster, many-flowered aster ALA WAL UINEINANAR A @zANT 9T U (Sirisawad,
uaz white prairie aster i@t NUgnlutszmalng  2020) wanananinuasudn nasliiladuaniady
(11n41 Aster Peacock 4nagluaad Asteraceae ilu  wilsidnasanisasofulnuazguaiwaensas
o & + al o v d‘ Ql a =

fafuanfemuldd luduluien senloFaugilly Anned Jeadadnldineiiunismuinaesiveg Ine
ven Auludu eannennuataseniatlansi o9 lulnsiawnaadasiunisadransnesilu (Ishu)
aansoesoy v iR lE A Ui uaeuandn Auszung neadanaan dondlelng wazaaalsiadlune
¥ . % I \ = a o A 9 A | o Y

1A e nereudadutulunenamile gagn sapneanafalutiNAviaraudanasauluing
Auannganagauuie Aeusdinaunataniamen  wazsigInunadaniindamdudonszdunis-
Huan witlaqiiuannsadgnldviannaiauaznngg naruaedeuleyd wazdqaindaugdae1unIann
AANALAAIBTNANATY 2 UL AR AANAL1TI8 Sauin luldgaiiedesing - aelusuie (Jayaweera and
desluad wazaaiatinAaeInann ngamnEmIuAs  Mikkelsen, 1991) N9l aludmnenldmnnzan
Tudanaearmnasianatniiedulddnnan anadenasaniaIyAulnRRaLnG Boodley (1975)
Tagaruiialusiman 100 - 200 uansaflaniy  wudn guunwnandaaildsdnineadeiusyauily

(Uszu1nd 8-1010) TUNUN 1,000 A1919LH AT Tauseduflanniniinllazdanansenui@iau
gaxNaNaRTea s 120,000 - 300,000 Fasail (Office Tusgunisasy i uinuesuasimasnialsanan

of Agricultural Extension and Development Region 6, n1sugnluuilas Sultana et al. (2006) uay Zhang et
2020) LdmmﬂﬁmLm'aﬂﬂuﬁm"iuz%u@@ﬂm@nvlﬁ al. (2010) mmmdﬁmﬂﬁﬂﬂiuﬁmﬂﬁmmmuﬁ
LJJ@VLM“LILLZN‘L&@EIﬂ'J’]“TJ'J\‘iWJ’mF;I’VJ'JuQﬂE][ﬂ muu oAy lunsrdaRa s e il
maﬂ@mLﬂummﬂum\iqmmwummmfgfmu uazlugean %qzﬁ'wm%qmniuﬁm@mmw AaN
Fuazaannenlduddugaudn i lildnenilsd wardaadnrrezn1suKaednents atl9lsinna

AN asdunsdninTiifean wiuee Taanasld wudn 1a9un1sideluEesdananafidesuan

92



NATRINTT LALEIARTINANAULAL
ansilasanisiasgyiiulnuasAnmnas

. 2 fo o= by
Quuﬂ’]ﬁ’]ﬂ@ﬂﬂu@ﬂHﬂﬂﬂEﬁN@ﬂ@ﬁﬂqilﬂLL’&\?

o | I ! o o v + aid ]
ummmmumunuamrm’m‘iuﬂmmm@ms-

—

a a o ' dll [ ¥ dy

sy lnvesAnned ive lfidudeyanugiu
arun1snanndlselaadsainwnsnslunisdnnisg
WaLNAN T WEANAR a1

L4 aq
adnsaluazinns

TIFUNAIARABFAIDIANIZTUIA 21 UGN
yanzninuazunausi (@mnsdou 1: 1) Wudan
qn mﬂﬁuﬁﬂﬂﬂummiuimﬁﬂuwi’mLLm 50
wlafifus 7 mmmum@a 26 B9ATAITEE mfmmu
luanniriade 85 1lafidus ﬂfl’]NL‘HNLL'&\‘iL’ﬂ@H
455.46 pmol. m™. s U1 1 LAY anntudaAen
Fundfifpangaiads 7-9 wufiuns faignlu
natgnauisdueinugugnang 6 i I genzniing :
DNUINAL : AuFIU (BR9ndan 1:1:1) iudanign
mmﬂ@ﬂ‘LuINLiauwammnwmmuﬂuLfnm—u
27 + 2 aaATATEs ANTUlUeNNAA 70 LWlafidus
AT LASRAT AAUN A9 836.0 pmol.m”. s’
THuaeAuT2anaAudauanaloiia LED A1
(light-emitting diode) 11/ 18 Fmsf saniunisliile
Fasurudalualunnsliuasiiuganansiu uasenm
fJeipinariuy

9uNUNIINAaeuLLLWANe Bea lugw
an1 30! (factorial in CRD) fimqu 2 fade 111m 3 x 4
n73133 N79URBaAY 20 sm (F) Tmﬂﬂ@wm 178
ST lua ALt enansaw fausiaan 20,00
w. utiseanitiu 3 sea T8 2,3 wae 4 Falue i 1

waunastalgn Tade 2 Ae dn9ila Tnanasll

fleigms 15 - 15 - 15 aauau 4 szau i 0, 1.5, 3.0
LAy 4.5 nfusanszand dilanvias 1 A
Huindayanisasoduls laun auga
m@qmmu‘l?mmmmniﬂumumﬂmmmmeﬂumu
(EURLNAT) dauinaauazumiinut iy (n5w)
Arnnaanluszazaanuiw 50 wasidus laun
ﬁﬁuquf)”ué,fuwiﬂ@nﬁqm@ﬂwm 50 e fidus Adna
g1 TRARNUAN (WIUFLNAT) AN1UILTDADNE DL FBDAL

93

AuuAenAatanantatusn InadnaIntes1egn
wazilafidusinnseanmaen dufnAANIE N9
1y rﬁqmm?:@q chlorophyll meter (Konica Minolta g"u
SPAD-502 Plus) 1fNANER3IN1740ATNTILED LA
AnsiElnvesnludasiriesiagnanisdanmet
LL&9 (LCpro-SD Portable) lagidaainmuiialuans
NATY WATLUAATBIATFY Auueas 3 Ty

AsAszssua Al lan s ndilald
{A994514 (total non-structural carbohydrate : TNC)
‘EmmﬁuLﬁuﬁqmjwﬁm%\iﬁuimwmﬂﬂmu 50
wafidus §1arnnugzenatadastnndy a1nii
didasneiielilanuieiignvnfl 60 asrigaidas
funan 1 diland 3eillunlfasdamitemiey
A2y TNC m1NAEn15289 Hodge and Hofreiter
(1962)

Apazvidayananimaaes Inaldllsunsuy
£115931n"94 05 Statistix Analytical software (SXW
Tallahassee, FL) o3 ALt uaz
WL auA1eassendnenssnds Tnads least
significant difference fiszsupnnadesiufaeas 95

NANSANBILAZIANTOL

msasaLAuls
n13dnANgresudnnes naelafy
N9933B AT 3 iau wudn Aruaudalueii fuasiy
19NA19AUN LardnIile Anafeand1ugere sy
Tnanasifuasdudaenansin 4 4atuainldfied
ﬁmﬁﬁ'ﬁ'qm Tuanuzinasliils 1.5 nfuransznng
danalaflanugeresduniniign e 102,12
VEWA LN AT (Table 1) @RAARRIALNITNARBIUD
Sarhan et al. (2017) Ang n1sliile 1.5 niusie
nsznne denaliafoanesdlinnnngesiuuinndn
mmﬁ%ﬁlumjwﬁﬁﬂﬁﬁﬁa;mmfﬁﬁ AINNTIATIEN
Afisenduiudseudeadanudn neskAERIAsY
WANALEINAN9AY 3 %Iquuﬁuﬁmmﬂﬂ 1.5 N3N
FANIZOTN HAYNGUIRIRUNINNGINTTNAR A WA
Lifl parauansnennead Avunssud s i ldFunas



M5@15NEAT 39(1): 91 - 103 (2566)

AUTIINAINAY 4 Faluedaniudnsile 1.5 nfusie
[AFrAIMN (Table 1, F|gure 1a) Salih and Hussen (2019)
wudn e ftasudu woyannd lumueng
Junanndataeanenduingn danaliauna

- 4 N
gafluunanITdaguwlad Ingani1za1saansy
a A Ao ° v a [ o v
AULLALTAAUN R KA NS AL IANI9A1ua s
WNTU BANAINNITAN BAIAUTINNANIIAURAD
o +| dld Yo o ] 1 a I~ v
dnsnilennalafudedanasaniafiuinae s e
AYTNGIVBINTLAAAINNNFULNITATUAIAINNIIAATH
8198119 (Barita et al., 2018) A luszazlL AN
2% d‘ o o/
siaanisanFiulamen wesanniluaedlsznaunan
Yaniamas nenANFIulawmen lenaNnnITLaLnIg
. r o oa A oL
Aunsziuas aunaadasiusinaiunsluiledad
unumanAnylunisdadiunszuaunisduasziiiag
(Herdiana et al., 2008)

1 £ = U o

ANANNNE N9 T B9RUARmDTIUsTey
90 Junasenalgn wuan feanuaudaTueit liuaq
AutaanaAuLazdnaily inlidranuidues
AlURAsLANANNAUNINED R N9 lT waIA BT 29
NaNaAY 3 uaz 4 99Tus waznssudanlasui]e 1.5

o 1 o v al g U al

nfusansznng i lined A A idnre9d lugeg
(Table 1) Ngui et al. (2021) wud1 n1slii]aiadly
FRIMNNIZANTAN AP N T HUR9R LT
gaunran i nnsdaaziuasnan luanehn

naslailoid]ela <) (0 nfudenszane) M linald s

o A o \ ~ \
Susamarmisnanuatraiaane i lulnsau
= - Ao o P a
galusnesrlsznaundAryeclisnu nsnasi iy
nsananaan wazAaalsflaa (Ruamrungsri et al.,
2008) AN AR NIR IWAINGINIINA DAL
AINNNAATEHAIL AT NN UTsEud1eas
WU NITNATN LASULAIALTIINANIAY 2, 3 LAT 4
daTuesaniudnanile 1.5 nfuslanszang HArAaa
9 o al A A o adal vo
Wnnesdlugeniga Weameouiunssndsnlasy

LAIAUTINNANNAY 2, 3 LAY 4 Folue Fandunis il 1y

{ler (Table 1) nNeRnITuAEFananain 1 iailen
AN NI09E luge RedsnalinaiAuTnsuaangs
Andndae aienaiiasannAtmuduTesd e
Anmes AAudunusinansaiuBuiunaelsiag

94

Tuiedeluresite Fetsuanienanuaiuisali
nn9@f9a1Ng waznaasyininaasivels (Naenon
et al., 2017)

8RIN138UAT L LA RIFUARAAT WL
ﬁ”\aﬁ’]mu%‘imﬁiﬁmqr‘ﬁ'“um\mmqﬁmt,@:ﬁmqﬂﬂ
Auar 1 emsn1949AT 2T L9 RIAUARLAD T
LLmnmqnu@mwuﬂmﬂmm\mmm Taawuan ngl
LESAUTI9NANAY 3 mimummm’lmmﬂma
Fupsziugnindnnislfuasdugosnansiu 4
Falus waznasudsd 4 Fuile 1.5 nfusanszaneds
HalHERIIN1949LATIEILANga4A (Table 1) a7N
m‘mmmmmﬂgﬂiﬂmmwuﬁimqwﬂ%ﬂwuqq
N33R 1AL LA UT N aNeAY 4 Faluasouiy
amnaile 1.5 nfusansznne ddnanisdamsnydl
UANGIRR w T ANULAN AN AR TN I9NART
IFFULAeAUT1aNAN 9L 2 mimmmu@mﬁﬂﬁ 1.5
nfuAaNIzand (Table 1) 1143 N13ANTTNABAING
ﬁﬁmmmazﬁmm:ﬁumqmwL“’f‘immmﬂmiﬁﬁm
TunssudsiliiAnAnnudneedluge dadu A
Funseadngildlunssuaunisdainmziiasg
(Ommen et al., 1999, Rajcan et al., 1999) WATAIN-
ganunrnlunisdummeiiaet il mnudunusagna
wniudnsnislasuiaanson (Han et al., 2009)

nsdmAananidaaesdinly (stomatal
conductance) W31 Tadadrusuaudaluefily
LasAuTenaNsAuLazEnilafinasadininiia
aeathnly Tneita IdsunssAutaenanady 4 $alus
fenmsdlaveshnlusuaznesida i ldFullasnm
38z 4.5 nfusansznne denaliszauniaitdandng
sestnlusindinasléfudeludns 1.5 nfuse
N3L0N (Table 1) AnnsAiATEiANL AT dNus
smdnaTasdEnL9N NI9AART AL LEIAUTI9NANIAY
2 uaz 3 dalussanrumelllitlevinsRadiinnade
2091 nTUgandNneIntd paLfiesananndayanm
U89 wazn1sildeuutlasaesansiunue lasdaine
annuaaflutaseviiaresnadanly (Yang et al.,
2020) waNa N Sousa et al, (2021) WU sl
iesetaies Tneldialuddasilddnada



NATRINTT LALEIARTINANAULAL
ansilasanisiasgyiiulnuasAnmnas

Table 1. Plant growth, photosynthesis rate, and stomatal conductance of cutter (Symphyotrichum ericoides)

grown under different treatments at vegetative stage (90 DAP)

Plant growth (90 days after planting)

Plant Leaf greenness Photosynthesis Stomatal
Treatment ] 1 ] 1
height index rate conductance
(cm) (SPAD unit) (umol m?s’) (umol m?s”)
Night-break (hour)
2 82.55a 47.34 b 3.86 a 0.05a
3 82.02 a 48.23 a 2.30c 0.05a
4 74.02 b 47.96 a 3.38b 0.083b
LSD ;4 0.86 0.87 0.32 0.01
Fertilizer rates (g pot'1)
0 48.35d 43.05d 3.14b 0.07 a
1.5 102.12 a 50.81 a 410a 0.05b
3 85.21b 49.79b 2.98 b 0.02c
4.5 82.43 c 47.71¢c 250c 0.02¢c
LSD ;4 0.99 1.10 0.37 0.01
Night-break x Fertilizer rate
2hrX0g pot’1 52.52 h 4290 c 3.73 bc 0.09 a
2hrX1.5g pot” 101.12b 50.40 a 4.42 a 0.04 cd
2hrX 3.0 g pot” 87.03d 47.83 b 3.56 bc 0.03 de
2hrX45¢g pot’1 89.55¢ 48.10b 3.47c 0.03 de
3hrX0gpot’ 65.28 g 43.88 c 2.42d 0.09 a
3hrxX15g pot’1 103.17 a 51.45a 3.53 bc 0.05¢c
3 hrX 3.0 g pot” 81.52¢ 50.25 a 1.76 ef 0.03 de
3 hrX4.5gpot’ 78.10 f 46.95b 1.50 f 0.03 de
4hrX0g pot'1 2725 4253 ¢ 3.24c 0.03 de
4 hrX1.5g pot” 102.08 ab 50.38 a 443 a 0.07b
4 hr X 3.0 g pot” 87.08d 50.38 a 3.62 bc 0.01f
4 hr X 4.5 g pot” 79.65 f 48.00 b 2.28 de 0.02 ef
LSD ;s 2.08 0.23 1.06 0.02
Night - break * * * *
Fertilizer rate * * * *
Nigh t- break x Fertilizer rate * * * *

"Means in the same column of each category followed by different letters are significantly different (P < 0.05) by LSD

95



M5@15NEAT 39(1): 91 - 103 (2566)

2991 nTugege aradumwezialunssnasilals

FumNLANAINg]e mﬂummmlﬁwsﬁmwn@iﬂiu
mmmﬂnﬂfamiwmmmw@m@mma‘mﬂum
FuLissen mﬂumi@mmmnmn@mmzw‘wuﬁ
duntsamAnisdanaesdnly (Prazares et al.,
2015) FaAnnaTlneslnludlunisuanadednem
n1geuresAnsueulneenlomdilddelinly waz

. ¥ g 4. .
AnvadlatnNnaanantinlu @earfuanlaaanlas

(A)

faudnaysenglunislduananflulansnlu
SEMI14NILLIUNNIRAUATILITUES TIN 7T NT Y
19987198 0ATIZHLASLaZIzAUNTT ANSNS
ga9d1nludnid m%uwi?ﬂuﬁu (Jarvis and Davies,
1998) atinglsAmINnNTNszAUnI9T And19ueg
ﬂqﬂ‘l‘umnLﬁu"l,ﬂwm'qm@sl,ﬁé”mmmimﬂﬁ%gq%u
anailuamg lnanssun1sdansiuasanasls
GiIah!

Night-break 2 hrs ;

Night-break 3 hrs |

Night-break 4 hrs

15g 30g 45¢g IOg 159

(B)

Night-break 2 hrs. !

Night-break 3 hrs.

Night-break 4 hrs.

3049 4.59|Og 15g 30g 45¢g

Figure 1. Growth of cutter (Symphyotrichum ericoides) plants affected from different night-break and

fertilizer rate (A = at 70 days after planting, B = 85 days after planting)
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Table 2. Flowers quality of cutter (Symphyotrichum ericoides) grown under different night-break levels

and fertilizer rates at flowering stage (85 DAP)

Flowers quality

No. florets in Percentage of

Treatment Days to 50% IF Iength1 No. peduncles
] ; first flowering
bloom (cm) per plant ; .
peduncle plant

Night-break (hour)
2 84.56 b 67.14 a 16.29 b 22.46 a 71.25a
3 85.06 b 60.68 b 1714 a 15.79 ¢ 66.25 a
4 86.56 a 58.18 ¢ 17.16 a 18.33 b 56.25 b
LSD ;45 1.05 1.10 0.94 0.72 7.93
Fertilizer rates (g pot™)
0 90.17 a 39.19d 7.42d 8.28 c 51.67¢c
1.5 85.67 b 76.32 a 22.75a 20.83 b 100 a
3 83.00c 69.36 b 19.14 b 2528 a 70 b
4.5 82.75¢c 63.14 c 18.14 c 21.06 b 36.67d
LSD s 1.21 1.26 1.09 0.83 9.15
Night-break X Fertilizer rate
2 hrX0 g pot” 90.25a 48.08 i 5.31h 11.50 h 70b
2hrX15g pot’1 84.25 cd 73.70 cd 23.50 a 24.67 c 100 a
2 hrX 3.0 g pot” 82.00 e 75.00 bc 20.55bc 27.83 b 80 b
2hrX45¢g pot’1 81.75e 71.78 de 15.77 e 25.83 ¢ 35¢
3hrX0g pot” 89.75a 50.78 h 9.60 f 10.50 h 45¢
3hrX1.5gpot’ 85.25¢c 76.27 b 21.56 b 13.00 g 100 a
3hrX3.0gpot” 81.75¢ 62.45 f 19.09 cd 18.50 e 80 b
3hrX4.5g pot” 83.50 cde 53.23 g 18.29d 21.17d 40 ¢
4hrX0g pot” 90.50 a 18.72 ] 7.36 g 2.83i 40 ¢
4hrX1.5g pot” 87.50 b 79.00 a 23.19a 2483 c 100 a
4 hrX3.0g pot” 85.25¢c 70.62 e 17.76 d 29.50 a 50c
4hrX4.5gpot” 83.00 de 64.40 f 20.34 bc 16.17 f 35¢c
LSD s 2.10 2.19 1.89 1.43 15.86
Night - break * * * * *

* * * * *

Fertilizer rate

* * * *

Night - break x Fertilizer rate *

"Means in the same column of each category followed by different letters are significantly different (P < 0.05) by LSD

NB: IF = inflorescence
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Table 3. Effects of night-break and fertilizer rates on fresh weight and dry weight, and total non-structural

carbohydrate of cutter (Symphyotrichum ericoides)

Harvesting stage
Treatment FW' (g) DW' (g) TNC'

Inflorescence  Total plant Inflorescence  Total plant (g/plant)

Night-break (hour)

2 46.53 60.95 11.15b 13.48 0.05x10°¢c
3 47.25 59.79 12.36 a 14.29 0.14x10°a
4 46.43 59.89 11.77 ab 13.88 0.10x10°b
LSD s 1.20 163 0.79 0.89 0.03
Fertilizer rates (g pot™)

0 14.73 d 22.59 d 4.03d 559d  0.21x10%a
15 65.53 a 86.92 a 18.26 a 2134a  0.11x10°b
3 57.61Db 71.94 b 13.67 b 1586b  0.04x10°c
45 49.73 d 59.32 ¢ 11.07 ¢ 12.73 ¢ 0.03x10%¢c
LSD s 1.44 1.96 0.92 1.04 0.03
Night-break X Fertilizer rate

2hrX0g pot” 17.35h 25.17 h 387 gh 514hi  0.08x10°d
2 hrX 1.5 g pot” 4529 f 66.91 e 1211e 15.76 de  0.07 x10°d
2hrX3.0g pot’1 62.50 c 78.97 c 14.21 cd 16.78 cd 0.04 x10°d
2 hrX 4.5 g pot” 60.98 ¢ 72.73d 14.40 ¢ 16.25¢cd  0.03x10°d
3hrX0gpot’ 16.25 h 23.70 h 5.00 fg 6.79gh 042 x10%a
3hrX1.5g pot” 70.08 b 89.48 b 20.38b 2291b .07 x10°d
3 hrX3.0 g pot” 48.89 e 60.72 f 11.32 e 13.07 f 0.03 x10°d
3 hrX4.5gpot’ 53.79 d 65.26 e 1277 de 14.38 ef  0.05x10°d
4 hr X0 g pot” 10.61 i 18.91 i 3.26h 484 0.13 x10°¢
4 hrX 1.5 g pot” 81.21a 104.36 a 2229 a 2536a  0.19x10°Db
4 hr X 3.0 g pot” 61.44 c 76.12 cd 15.49 ¢ 17.73¢  0.05x10°d
4 hr X 4.5 g pot” 32.47 g 40.19 g 6.04 7589  0.02x10%d
LSD s 2.49 3.39 1.59 1.80 0.06
Night - break ns ns * ns *
Fertilizer rate * * * * *
Night - break x Fertilizer rate * * * * *

"Means in the same column of each catagory followed by different letters are significantly different (P < 0.05) by LSD
"Not significant

NB: FW = fresh weight, DW = dry weight, TNC = total non-structural carbohydrate
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In vitro Propagation of Medicinal Plant Smilax corbularia Kunth
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Abstract: In vitro propagation of the Smilax corbularia Kunth. From Mae Chon Luang, Chiang Mai, Thailand
was studied. The nodal explants were cultured on MS medium supplemented with 0, 0.5 and 1.0 mg/l NAA
in combination with 0, 1.0, 3.0 and 0.5 mg/l BA for 8 weeks. The results showed that the most effective
formula for shoot induction (number of new shoots at 3.43 and shoot height at 1.98 cm) were cultured on
MS medium supplemented with 0.5 mg/l NAA in combination with 3.0 mg/l BA. Then, the shoots of S.
corbularia were cultured on the appropriate formula of %2 MS or MS medium supplemented with 0, 0.5 and
1.0 mg/INAA for rooting. The results showed that both of the medium supplemented with 1.0 mg/| NAA was
the most effective in root induction (10.43 and 11.25 roots). The root tended to be longer when the plant
were cultured on MS medium without plant growth regulator and %2 MS or MS medium supplemented with
0.5 mg/INAA. In addition, it was found that the survival rate of S. corbularia plantlets observed were 60 to

80 % when the plantlets were transplanted in peat moss for 4 weeks.

Keywords: Smilax corbularia, medicinal plant, micropropagation, in vitro
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NUNUNITNAABIULY 2 x 4 Factorial in AWAADIAY 4 91 18T 10 TudIuNG TUNANES

CRD Usvnausas 2 1ads loun Al nduaas AUBDU (WANAT) A1UIUITIN (591) AIINENIUD
naeetunsdluauisgns MS § 2 5vaU A % MS 9N (LEUFALWAT) WaTN1998ATIAUASE121gn
LAY MS WATAINNENTWI99 NAA § 3 35A1 AD 0, (wWafidus) Awnszidayanazilsounauaniy
0.5 uaT 1.0 TAANFUABARNT 1IN 6 AINAREY LANANITBIANLRAE LR DMRT

Figure 1. In vitro propagation of Smilax corbularia Kunth; (A) Nodal explant used for culture initiation (arrow),
(B) Development of axillary shoots from nodal explants on MS medium supplemented with 1.0 mg/l
BA after 4 weeks of culture, (C, D) Development of multiple shoots from nodal explants on MS
medium supplemented with 0.5 or 1.0 mg/l NAA and 3.0 or 5.0 mg/l BA after 8 weeks of subculture,
(E) Induction of roots from microshoots in %2 MS medium supplemented with 0.5 mg/l NAA after 8

weeks, (F) The plantlet planted in the peat moss. (bar = 1 cm)
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in MS medium, 8 weeks after cultured

Table 1. Effects of NAA and BA combinations on shoot regeneration from nodal explants of Smilax corbularia

Number of Shoot height Number of Root length
Factors
new shoots (cm) roots (cm)
1-Naphthaleneacetic acid (NAA)
0 mg/l 1.83 +0.30° 2.01 +0.35° 0.16 + 0.02° 0.24°
0.5 mg/l 265+045"  1.67+035°  0.81+0.16" 0.27*
1.0 mg/l 275+057°  124+0.25° 1.16 + 0.40° 0.32°
F-test * * * *
N6-Benzyladenine (BA)
0 mg/l 1.28+0.17° 1.71+0.29° 2.77 + 0.45° 0.81 + 0.20°
1.0 mg/l 1.78 + 0.32° 1.65 + 0.34° 0.06 + 0.03" 0.07 +0.04°
3.0 mg/l 3.15 + 0.67° 1.73 + 0.34° 0.00 + 0.00° 0.00 + 0.00°
5.0 mg/l 3.41 + 0.69° 1.46 +0.31° 0.00 + 0.00° 0.00 + 0.00°
F-test * * * *
Interaction (NAA x BA)
0 mg/l NAA + 0 mg/l BA 1.14 +0.10° 2.16 + 0.34° 0.63 +0.07° 0.94 + 0.20°
0 mg/l NAA + 1.0 mg/l BA 1.38 +0.21° 1.87 +0.38®  0.00 + 0.00° 0.00 + 0.00°
0 mg/l NAA + 3.0 mg/l BA 213+ 047" 1.93 + 0.26° 0.00 + 0.00° 0.00 + 0.00°
0 mg/l NAA + 5.0 mg/l BA 2.65 + 0.50° 2.08 + 0.44 0.00 + 0.00° 0.00 + 0.00°
0.5 mg/l NAA + 0 mg/l BA 1.27 +0.15° 1.64 +0.27° 3.22 + 0.63 1.06 + 0.20°
0.5 mg/l NAA + 1.0 mg/l BA 1.56 + 0.32° 1.7240.34*  0.00 +0.00° 0.00 + 0.00°
0.5 mg/l NAA + 3.0 mg/l BA 3.62 +0.61° 1.98 + 0.49° 0.00 + 0.00° 0.00 + 0.00°
0.5 mg/l NAA + 5.0 mg/l BA 4.15+0.81° 1.32 + 0.29° 0.00 + 0.00° 0.00 + 0.00°
1.0 mg/l NAA + 0 mg/l BA 1.43 +0.25° 1.32 +0.23° 447 +1.27° 0.43 +0.17b°
1.0 mg/l NAA + 1.0 mg/l BA 2.41+0.46° 1.37 +0.28° 0.18 + 0.09° 0.21 +0.12°
1.0 mg/l NAA + 3.0 mg/l BA 3.71 +0.91° 1.28 + 0.25° 0.00 + 0.00° 0.00 + 0.00°
1.0 mg/l NAA + 5.0 mg/l BA 3.43 +0.76° 0.97 + 0.20° 0.00 + 0.00° 0.00 + 0.00°

F-test

*

*

*

*

*: Significant difference (p £ 0.05), Mean values followed by the same letters within a column are not significantly different

according to DMRT.
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(Su et al,, 2011) TngeanT UMt NNEAUNITUL
Lﬁﬁ@@rLL@:ﬂ’liamﬁmesﬁ@@r(I\/Iayerni et al., 2020)
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(Mayerni et al., 2020; Takahashi and Umeda, 2014)
miv‘i’mﬁ’]ﬁéfmﬁummmamu@umuﬁﬁylﬁi.l‘l:m
a2 ngu i liiAan suLsgaga uauNIn Lazd
Msimuneen LN T LU IT IR F A WUl
wasuulashlEdnmemuzienisiiainninfianiy
2874 (cell differentiation) (Fehér, 2019; Takahashi
and Umeda, 2014) agin¢lsfinuiilafiansanann
HANTTNARAY WLIIN Lﬁ@l,wquﬁmuummm;m MS
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Frafiuwmiafinisaiyiuinuaswa i lusu
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Anu nasdn g nladulddnduriauazszay
v a X o4
Audndule o luamsmnzideaiioEietiu don
dagdnlinovmursanludls (Kadota and Niimi,
2003) i M1 S. zeylanica a1usndnun 1 iiaaan
IAEB WAL UEIUNIGAT ¥ MS MR N BA
v @ a a o 1 a Y v

ANNNLENTY 0.5 RAANSUAARNT LAY IAA AN NTY
1.0 HaANTUFAAMT (Thirugnanasampandan et al.,
2009) 1 S. glabra FnulF AN TR U AN D199

- e e A & -
v3nnidaudeldilamiziassuuaIunsgns MS 7
AN BA AN NTU 2.0 RaANTUAARNT Laz NAA
ANNITNDY 0.05 Radansusiaans (Dong et al., 2014)
WIBUUBIUN94AT MS N BA Ao dudu 1
AAANTUARARNT TANAL 1AA 138 IBA ANLTHTY
0.1 Hadnfuraams (Jirakiattikul et al,, 2015) d9u
S. myosotifiora @ x1sadnin ldiiagenlsALLe1NT
4n3 MS MLAN BAP Aouudindy 2.0 Hadnfusiadns
(Abdullah et al., 2021)

19U
n1sfnunAudaudfiuuilaiingmn lae
11@ﬁué@umnmgmuumu’wqm % MS %38
MS fau U NAA A NN 0, 0.5 WAz 1.0 Radnsu
siadns e 8 dilani wudn mamnzedusey
LURINIGAT Y5 MS 138 MS Tifias NAA prsidudi
1.0 Hadnfusedans denaliFugauianuIugIngs
ﬁzﬁm 1043 A% 11.25 390 ANNAIAL G9T A2 -
LLmnﬁmﬂﬂNﬁﬁm@’]ﬁmmmﬁﬁﬁummmm VAV
Wi MS MLy NAA mmmumu@u °| (Table 2)
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ANNENFY AT ANULANFNINARRTUAINEAY
mﬂmmﬁwﬁmLf—"jul,uﬁfaﬁwazl,'z%m‘lummm;m MS
ﬁTﬂLﬁmwmuqumim?mLﬁ‘uim Failpaneng
12@8 1.28 [9URLAS Lwiﬁmmumnﬁhq@ﬂ'wﬁ
uﬂmmmmmmmnummmm@u | (Table 2) 491
mmmmumuqu L@muummmm MS #lai
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HaaniuFeAns HA1ANGILRAY 7.73, 8.02 WAL
7.96 IURLNAT ANNA1IAL Tl uAns19aei9E

dednAtyneadanususaunmziaeslue i sgms

Y5 MS TLAN NAA A NLTHEY 0.5 NaRNTNARART
nlfAanugeueniady 7.63 [WuRLWAS (Table 2)

(Figure 1E)

Table 2. Effects of NAA on plantlet height and root induction from shoot of Smilax corbularia on AMS or

MS medium, 8 weeks after cultured

Plantlet height Number of Root length Survival rate’
Factors
(cm) roots (cm) (%)
Culture mdium (A)
¥ MS 7.55+ 0.51 559 + 0.93 1.12 £ 0.21 71.70
MS 7.90 £ 0.66 6.13+£1.20 1.12+0.24 71.70
F-test ns ns ns -
Plant growth regulator (B)
0 mg/l 7.59 + 0.51 0.90 +0.13° 1.23+0.21° 62.50
0.5 mgl/l 7.83 +£0.60 5.84 +1.18° 1.42 +0.29° 72.50
1.0 mg/I 7.77 +0.65 10.84 + 2.14° 0.70 + 0.17° 80.00
F-test ns * * -
Interaction A x B
%4 MS + 0 mg/l NAA 7.45 +0.42° 0.67 + 0.08° 1.18 + 0.19° 60.00
4 MS + 0.5 mg/l NAA 7.63 +0.50% 5.68 + 1.15° 1.45 +0.27° 75.00
%2 MS + 1.0 mg/l NAA 7.58 + 0.63° 10.43 + 1.89° 0.72 +£0.16° 80.00
MS + 0 mg/l NAA 7.73+0.60° 1.13 +0.20° 1.28 +0.23% 65.00
MS + 0.5 mg/l NAA 8.02 +0.71° 6.01+1.21° 1.39 + 0.30° 70.00
MS + 1.0 mg/l NAA 7.96 +£0.69"  11.25+ 239 0.68 +0.17° 80.00

F-test

*, Significant difference (p < 0.05), ns; No significant difference, Mean values followed by the same letters within a column

are not significantly different according to DMRT.

1; The survival rate of plantlets were transplanted in peat moss for 4 weeks.
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