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Abstract

The production of marigold seeds often faces the problem of uneven seed maturity, which results in
inconsistent germination and seedling growth. Therefore, the objective of this experiment was to study the effect
of appropriate concentrations of GA; and IAA for seed coating of three cultivars of hybrid American marigold
seeds on seed germination and seedling growth. The experiment was conducted using a completely randomized
design (CRD) with four treatments as follows: uncoated seeds, seed coating with 0.5% IAA, seed coating with
0.5% GA; and seed coating with 1.0% GA,. After coating, the seeds were dried to 7% moisture content, and then
seed germination was tested in the laboratory using the top of paper method and peat moss medium in the
greenhouse. The results showed that seed coating with GA; concentrations of 0.5% and 1% on all three cultivars
significantly increased the speed of germination and decreased the mean germination time compared to
uncoated seeds under both laboratory and greenhouse conditions except one cultivar (MGO01), which showed no
significant difference with uncoated seed under greenhouse condition. However, coating the seeds of all three
cultivars with GA; at concentrations of 0.5% and 1.0% significantly enhanced seedling growth in terms of shoot
length and growth rate under greenhouse conditions at 14 days after sowing compared with seedlings from
uncoated seeds. Meanwhile, no significant differences were observed in the germination percentage of normal
seedlings among all treatments of seed coating, including uncoated seeds, under either laboratory or greenhouse
conditions.
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aGeadulsinendidendgniuinly fsunsinenass nanamaed senuiilivanetu anBesdaduliinen
yilanid s fanudrdymaasugisvessumalneiaieseldliuiinwasnadesainugniteniygdulaldaly
anmwndouessmelng Ugnldmnaomiad anmnsadarenswiigldnielu 60 - 70 undagn mendorgnisldai
u Fsflvagnifiedanendmiieluriamania Usznouitnismaun wiedesidumniands uazanunsathandgnifierdu
1ﬂﬂizﬁuLLan%avLﬁﬂismﬂ‘ﬂumimﬂLLmQﬁﬁﬂfi (Kasetsart University Research and Development Institute, 2015)
uananddruvasndunendsdiarsdidglunguualsfiuesd (carotenoid) Idun a1sgiiu (Lutein) uay Tuguiiy
(Zeaxanthin) flansnsaadauliusglovtinanisunng viethnduaeninamnuiaiovadunfuiigeasn (Madhavan
et al,, 2018) ms*‘umaﬁuﬁ:muSaﬁ%‘ﬁﬁwﬁamﬂwwmuﬁm sTjaLuﬁmﬁﬁmﬂ%miﬁmiqaﬂLLa:ﬂmﬁavJﬂuaaéfuﬂé’wﬁﬁ Wby
nMsuandniusanFestyminuAewdafiiuiAenninsenuasmaisyuessundiliaiiase iesannisudves
uiazdaldviiuiudaniuadanandenenideatu Tunsufuaivediue udnvuzmandanmnsor ldlaeis
gnszfuguAIEaTus i udnTauiuaiseeng s fidnadensduasunisienuion1sianueadiundn ng
indeuwdniugiduitnistharsngumedimesifanuuianuinasdanumuiuiiaiiaueludnvazuuuildy (film
coating) uiadeudafuinvesudaiugludnuusuiuiiduug q lnenisiedeuiudnazifivaiseongnisng 4 wu ans
dostudon asdestuuuas :mevnsiie vie arsmuunsaiyivlnvesiin msadevrilfasinluiuwdned
aaueuazAnuiulingasisszminamsthudaluldimzugn (Kangsopa, 2019) ansmuaunsaiyiulaiidmasionis
qaﬂmaqLuﬁmﬁagﬂiwmmﬁwﬁﬂuﬂgﬂﬁm nIAAULUBLIadn (Gibberellic Acid; GA;) Lﬂumﬂuﬂaq'm?mLuamaéuﬁﬁwaﬁa
AMSANASUNITIBNVB LR LﬁuﬁﬂamvmmﬁaglﬁuimaﬂLSMU%I@"L@’T (Sun, 2008) uanmmf’%maLiaﬁué’aﬂiw’jﬂﬁ
Fauaswioulsl amylase iddnlunisisesuiizonislelasladavesndsiifiviiludiuasanemsnisluwdali
Lﬂﬁauﬁ‘]uﬁﬂmaﬁ%Qﬂﬁﬂﬂsﬁlﬂuwé’muﬁm%’umsmumsaamaaLmﬁﬂ (Kaneko et al., 2002) d@uaandu (Auxin) WJu
asmuaumasyiulavesiia falavinadenszuaumsmeaisinedudnisdidaduuileluaufamsainse Toarlnl
ponTuiiunlidmiuauaunisaiadulnvesiis 16uA 1-naphthalene acetic acid (NAA), Indole-3- acetic acid (IAA)
waz Indole-3-butyric acid (IBA) gasluuiiwvaisvdaliunumdfyson1snuaunssuIunsenvastan T 1AA, GA;
wagtofiau lnslanzlutisiuvesnssenidudiundr wuin finsuanseonvesduiiferdesiuesnduuinudatssin &
IAA Suthiinssdumsusgaduarduaiuninadaessin (Miransari and Smith, 2014) ¥iail Bialek et al. (1992) 918974
31 1AA fanudndusensiWauivesdiuseu war Thomalley (1990) wansliiiuin IAA Sanuieadastunisvhanuves
wulwsl Glyoxalase | Jefidtaglunsadyuasinnvesadlugianisenvasudad

Hansuri and Siri (2018) 5189431 SLARDUAATUGUAINIGNREANTIY GA; (4%) IAA (1.5%) NAA (0.1%) uaz
IBA (0.1%) T2089N15LARDUMIY GA; 39UAU IAA, NAA %139 IBA anuauududsnanadinalnsunaidnissgiule
fniuadeilsindoulunmeseuluiesufoinns venaniidomng wdaiuglulsdou nud winfedeusauiuans
muaunseiaAuliluiasnsssisnsnsien anudilunsen wasamenididuginiinssuisililfindeuda
agnafitfudndy uenanil Klarod and Siri (2016) Sesuimsiedeudnuzidomasindy 1AA finrudadu 2% vl
widsiusiesiudnisseniigetu uazmaindeumdndag GA, Armidudu 2% duadulifundfarmendduuazan
wnniudniilillfiedou mnnanmsidedsnarinuandiiiuinnisiadeumdnsmiuasmuaumseigdvlavesiivl
HARONISIBNLATNISWSYUDITUNET uasgtlsimunmsihansmusunssyiiulnvesiivuindeuiuwdaunazylnnie
uia g iuazdonhnsdnudsdauaranududufivnzandmiunisiuld fsoravedanuuandisiulumunis
povaueesiiy Mtunismaaesasiilfelitagusrasdiilednuinanududures GA, uaz 1AA mngaudmiunis
wdsuiniugaITatesiugnnaNd w3 ugRaAuAIMNISIBN YoLLanuIaINSIAGaULATHAR DN SRS VRN
Fund FansaAsiianldlunsinuadididunsdesonnuite fildudumidmemimeaedlunmsyiinednug (ald
FNLN) Iml@fﬁﬂmLﬁmﬁumdawﬁwﬁhmﬁm'ﬁuﬁfmaSam%’ﬂma (Tagetes patula) Mpdeumdagie GA, (Aududy
0.5, 1, 1.5%) IAA (ALY 0.1, 0.25, 0.5%) NAA (A11udu 0.05, 0.1, 0.15%) 3ANANAADT WU GA, (AUITLTY
0.5 uag 1 %) uaz IAA (Aududy 0.5%) fnasdenisiniyvesiundrfiiniudaililfindoullomngluanmisaiou
FafuFldianhnmsneaesuenenaluassilifensummedmiunsianldvsslowd SsuftRnsomemnisdfuada
ftugnnaGeseiusiu (Tagetes erecta) Wusgnuandadulsslovifinetusiely
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‘MGO3’ Favisvmanduiugnianisdngnuay F1 (F1 hybrid variety) AuuU3gnsvnanenIn 98% way Iaasen 90% Tu
714 3 Wug ndssumdeudulavhnsdauendnuazmdaliauysaifidnvasuandu wWaenfuuindudiinageuds
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JudnwueiinsAneennounsimiie lnednvauswdadmsudmhetuasiianuauysalliduiasiudenuudn dud

oY

ihmadufisds ddlumavasesndsidldihdnuuzsdadmsunmssmhednanamiinisinu Teewdedtmindsnis
Fanendiuau 1,000 winvasudasiuiogdl 4.22, 3.0 uag 4.03 n¥u ArwTuiba 8.89, 8.80 uay 9.66% ARy
sdunisneaetiouduiay w.e. 2567 a wesufUuRniswaniugivaiu uazlsudouainfivaiuuszaiu Augnan
N35UNTNYAT IInedewild Jawminledln

nsndeudnsiuiuansaiununisasayiiulavesiiv Tneasununisnaaeswuuduauysal (Completely
Randomized design; CRD) Inainuualidl 4 n35a3s wiaznIsuind 4 51 B1ay 50 WER FIazun Ao nssuAsT 1l
yhmsiadoudaiug (ynmuay) ns5uAsa 2 imsindeumdniiuging 1AA eudiudu 0.5% nssuAsi 3 hnsidou
winfe GA; Mty 0.5% way ns5uAs 4 hmsiedeuiwdnse GA, Aty 1% diwdaiuganaEes 3 Wus
wneadev Tagldanaindounisdiduns (Polymer Flare-1) wasindnsaulneusinms 70:30 dwduldiadeuwdnlunn
55133 lunsdinsindouldnsaufuans GA; was IAA Tevinsmssuanswanluiuaviisnaausufuansindoulng sy
Aratutues GA, waw 1AA mauslaznssuds MndugeulidmiundeundaUiims 25 fadansrewanniFes 100
n3u vaniedeudeiuinuusasnssuisuduhlvasa i usdnlugangivedasnisisliui aumdaiinnuiu
winiu 79% ndutiadaiuslumnglufes foinmauarlsadeuiievssiiunansonuagnaaiagiiulavesiund,
Sufinua fuand1ing 9 wasdinssideya fssasondelul
mim’maaum’]mamuﬁﬂﬁuﬁz (Seed germination test)

- miwﬂaaummwﬂiuﬁadﬂﬁﬁami (Laboratory Germination Test) WNEAAUUNTEANY (Top of Paper; TP)
$117u 4 61 $rag 50 wia insUssdumamsennTuauieTud 7 ndimane fadufuiudauanafneniwnissen
AsunudnuEifessniiuudimunressnuadaiiviuinz uaziadadunoufunainisnsatuadagaineay
UIMIFI1UVDY International Seed Testing Association (International Seed Testing Association, 1993) 7i Avuafu
aAvheueIn stiu (final count) 7 14 Yundsnisimng

- Manegeuauenlulsuieu (Greenhouse Emergence Test) winstudnlunianauuun 200 wau lagld
finued (peat moss) Wudaguniz Wnmmigandilulsasou saiiuay 2 ade Tngvinisussidiunaninusenyniudu
SyEglan 14 U
nmLa?iﬂiumsqanmaamﬁmﬁusj (Mean germination time; MGT)

msﬂiuﬁuﬁmmLa?{aiumiaaﬂeﬁ’%ﬁumﬂmmwwLuﬁm“luﬁaaﬂﬁﬁ’amiimﬁ%m’]vLuﬁmuﬂszmw wazlseseu
Tuanavigu 200 ngu Taglifinuea nenmatudundrndisenyniuduszezna 7 Jluiesujifinig wes 14 ’Jlﬂ‘u
Tsadou Mnduthdeyalumunmenanadslunssenveasdeiug (MGT) Tngldansma Kulkami et al. (2006) fsil
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AusaluN1sIeanaNAAg (Speed of germination)
v v v aa o & o v a wva Y] a & o w
asratudunaundvisenyniuluszeziian 7 Juluesuusinis waz 14 JululsaSeu anduihdeyald
Awnmanslunsienveudaiug (Association of Official Seed Analysts, 1983)

. udunaninduasaisn TuudunaUnAntuassgaving
anudlumsten = ——————— + et
Tundamenduasausn

N15193YLAulAYaLUNan (Seedling growth test)
insdusunaiaisedluaninlssiaueiy 14 undsumz 91w 4 91 91az 10 fu dINImMIAIAIINEI8en

TundamneMiuAssgavng

(shoot length) uazA21181250 (root length) wasAuNaT in1sinANuesenlaginainlaunuluisvaiseen way
anunINlasinngadeusoszritniaglaudulufsuatesn
NIINTIYAULAVeAUNAT (Seedling growth rate)

ihfundamieduanmlsadousty 14 funduniz $1uau 4 €1 51ae 10 du nduitinaiauesonuas

INUeUMEgmMal 60 ssrwaldea Wuian 48 Falue udunduiuaziinminasi anduthunduimAdnsnis
L3gLAUlAURIRUNAN

YIUNWIeIRuUNaIuni

gnsnsiesAulnvessunal = 0 o =
UIUAUNANUNR

mﬁms’mﬁ%’agamaaﬁa
deyaNTiiATILRANwUTUTIUNERR (Analysis of Variance; ANOVA) WaglUSuuLilgunnaanieues
ANLAALUDILAAYNTIUADMEIS Duncan’s Multiply Range Test (DMRT)

Nan1sANeILazIaNsal

wWasidurnsean (Seed germination percentage)

naadeulsEadie GA, uaz 1AA TunnnssudslivilfdedidudnisenvesudamaiFesisaaiugunndiaiy
n9afif (Table 1) 9nn1svaaeuandliliiudl Msndouwdaiuganiiosiie GA, uas IAA lunnnssudsliinase
Wesdudmnusenvesndanifes dsoraifleunanudaiihunltlunismaassininuseniigieguédn Suhlidvinaves
aseengviduanieensunuenllidaion

Table 1 Effect of seed coating with GA; and IAA on seed germination percentage of marigold ‘MG01’ ‘MG02’
and ‘MG03’

Seed germination percentage (%)

Treatments MGO01 MG02 MGO03
Lab Greenhouse Lab Greenhouse Lab Greenhouse

Uncoated seeds 96.5 99.5 94.0 98.5 96.5 97.5
0.5% 1AA 96.5 98.5 95.0 98.5 94.0 97.5
0.5% GA; 97.0 98.0 94.0 99.0 91.5 97.5
1% GA; 97.0 98.0 91.5 99.0 925 97.0
F-test ns ns ns ns ns ns

CV (%) 2.77 1.37 2.74 1.60 3.66 1.99

ns = non-significance.
raedglunissan (Mean germination time)

wasnAdeudnsiea1saIuANnITasgiule waathldmnsluiesufuiins wud wianadesiug
‘MGO1’ way ‘MG02’ MARBUMEY GA; AINIILTY 0.5 WAy 1% sansaninuaaililandou Tne ‘MG01’ Tdnaade
3.42 Ju uay ‘MG02’ Tdhaade 3.20-3.30 Tu Feuanasegrsldeddgneanidevisuiuadanldlandevlunsas
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o

g Ao 3.65 wag 3.55 Tu muddu wrlusiug ‘MGo3” linuanuuaniasadalowIeuiis ussninsmaiadeusng
GA, nﬂﬂﬁﬁufg%'ﬁumﬁmﬁlﬂlﬁﬂﬁau Tunsdinmsvageululsedeu wudn ‘MGOT’ fidoudae GA, Aududy 1% e
waglunssentiesiign fe 3.70 Ju uazunnssegiiduddgmeaiatudeilildindeuaznssuisindeuse 1AA
AT 0.5% waz GA; AT 0.5% Ao 3.90, 3.80 way 3.85 Ju ALY @ ‘MG02’ findousie GA, A
Wt 0.5% uag 1% Manadelunissen 3.15 uag 3.20 Yu muddu Jsisnnudalindovesdifddymadai
finanadslunissend 3.65 Yu w3y ‘MG03’ wuin wlafilndeusie GA; waz IAA YnssuAsinaadslunissen
anaunnninudailllfindevegaditeddunadndleneaeululsadeu (Table 2) uieghlsAnalasnmsinainaa
FINAILANINIBNTNAVDY GA, Afnasionisananedslunsenveaudnis 3 nug devhnsnageunusenitaly
o fuRnsuazlsadou Jsmadinandenndosiuunuimues GA, Mudefitionseiuliudndauamegieulul amylase
ylifinasaufasennslelasladavesudsiifiuliluduaranemmsnslusdaliudsududmaiiasgninlulddu
wasudmiunszuIunsenvendn (Kaneko et al., 2002) doyadinaiaenndeiunanisinyives Bhadra et al.
(2024) wu31 N5 GA; AMUTUTY 500 ppm Aulan Tinospora cordifolia (Willd.) daalvinanadslunisionanas
Feduiusiuianssuveseulsd amylase luwdaiiiiutu uas fusuamenhmaiias mammeummwmamwlulmu

GA; EJ‘EJ’N@J“LJEJﬁ’WﬁQVI’NaﬂG]

Table 2 Effect of seed coating with GA; and IAA on mean germination time of marigold ‘MG01” ‘MG02” and
‘MG03’

Mean germination time (days)

MGO1 MGO02 MGO03
Treatments
Lab Greenhouse Lab Greenhouse Lab Greenhouse
Uncoated seeds 3.65Db 3.90 b 3.55Db 3.65Db 372 a 4.00 b
0.5% IAA 387 c 380 b 3.70 b 3.60 b 390 b 3.80 a
0.5% GA; 3.42 a 3.85Db 330 a 3.15a 3.65a 3.81 a
1% GA, 342 a 3.70 a 3.20 a 320 a 3.65 a 3.78 a
F-test * * * * * *
CV (%) 2.64 1.66 3.18 3.44 2.81 2.47

* Indicates statistical significance at p < 0.05.
Means in the same column followed by the same letter are non-significance difference at p<0.05 by DMRT.

Aus2lun1sean (speed of germination)

s

VAIINLARDULLAARIY GA; ANWLTY 0.5 waz 1% warthldimnzluiesufoRnig wui waaniSesiug

2
P

‘MGO1’ waz ‘MG02” fanudslunsendfivdueteiitoddynaandieiousundeildlfindeu Tns ‘MGO1” &
Aade 14.35 uay 14.42 dustetu uay ‘MG02’ fAuade 14.37 uaz 14.47 fusetu muddu dowmnglulsadou wui
win ‘MGO1’ Thadausne GA; mnududiu 1% fiaualumsseniadogeandl 1355 dusiofu wazumnsnameadaann
winlindounazmsiadeulunssisdug dmiu ‘MG02' nMaiadeusng GA, Aty 0.5% Trnadiian Tnefidads
15.87 fu/Su Fesnnudnlindeusgreifodiy lu ‘MG03’ nsindeudie GA; 1 0.5% uay 1% denalimuissly
nssenifisdurisluresufoinsuaslsadou Taedanads 12.77 uar 12.97 dusetu luesuftinig uaz 13.00 uas
13.25 dustotu lulsaSou audrdu Jaunnsansadfedslideddyanudadilildindeu (Table 3) Fanalulufiania
WU Hansuri and Siri (2018) %ﬁﬁ’lm‘imﬁauLuﬁmﬁ’uﬁ:Lmewqﬂwauéhamsazaw GA; AMUTLTY 4% denalsiudn
fruislumssenidiudy
N3RIEYAULAYaIRuUNan (Seedling growth test) waz dnNIIN1TRIYLAUIAVBIAUNET (Seedling growth rate)
nsedouwdndie GA, mududu 0.5 uay 1% dwalidundiiniseiyiuladuminemeonifiutuedied
Hoddymaadfidediousumiaildldindoulunndests 3 ug fio ‘MGO1” Armemeen Ao 4.63 waw 4.80 wuRAS
Tu ‘MG02’ AUEBeN Ao 4.40 Lay 4.53 Wwufluns wag Tu ‘MG03’ A1uY1Ien Av 8.75 uay 8.03 lUALNAS
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muddiu (Table 4) wonaniinsindeuidndae GA, ATudid 0.5 uwaz 1% Semalvdsnsnisasyiulavedund
unniudndldlfiadeuetatuddamneada Tnoudd 1 ‘MGo1’ fdasnsieiadulavedundn 11.9 waz 12.0
fadnsusenu Tu ‘MG02’ fidnsinisasaiulavesdundl 12.6 uag 11.2 dadnsuaedu uazlu ‘MGO3’ fns1n1s
winAulnvesdundn 8.9 uar 9.9 fadniusiodu auddu (Table 5) Fanaiilduandifuisauanunsnvesnsli GA,
NNBUBNNITEAUNSRIYRLInveiundInITedld 9 Palepad et al. (2017) 57891U31 GA, fiinannisdaasiey
Tnoiduuslovosdnenaliiisane faiu nmsld GA, mﬂmauaﬂmmmﬁmﬂ%lﬁaLﬁ%Nﬂﬂiaanqwéﬁ'quﬁu GA, Tdn
a1t unavdwasonsasgyuesdundildniulnedioiiunisuusfvesaduarnisinfvenwad dwaldfivdnis
WidulnsansaninunAfldlaly GA, denndesiuauideves Mousavi et al. (2019) lds1eausinisld GA, anu
Wuduuinndi 500 ppm dewaliudn Datura stramonium fpnueieengedanazuanaeiutanIuanegsiitud Ay
N9ADA Lay Tapfumaneyi et al. (2023) 51897177 mmmazJammaa&’uﬂﬁwﬁﬂi‘mu,aw‘fﬂLgauqqﬁuaﬂwqﬁﬁaﬁwﬁmﬁﬂﬁ
GA; ALt 500 ppm Faumnsseeaidoddamneadatugnniunm Minsitureniminuiesiundretaiin
MnnmsTigundriniseniiéa fnsthemsandiuiofeavauemsvilfSuasiinnasyivinveduiinsdinade
msfisundnfinnundenlunisadriemsannszuiunisduaszimeuattdisini Fuhliiinadenisavavemsiisu
wagindanudmsuilulunssuunsnssdulfisadiinsasyiolnnn Susarduaiunisduameidunivasvesdy
Ny %ﬁmmﬁwﬁ’agﬁaﬂmﬁmﬁmaqﬁmﬁﬂLLﬁq (Neto et al, 2024) La¥aNANNINVIEFULAYIINTILRLTY denalsl
dinudsvesrundiay (Lay et al., 2013) sTjaa'ﬂwam’aﬁmwﬂ’]iLﬁmaaﬁuﬂﬁwﬁmnﬂﬁu

Table 3 Effect of seed coating with GA; and IAA on speed of germination of marigold ‘MG01’” ‘MG02’ and
‘MG03’

Speed of germination (plants/day)

MGO1 MG02 MGO03
Treatments
Lab Greenhouse Lab Greenhouse Lab Greenhouse
Uncoated seeds 13.47 b 1297 b 13.62 b 13.90 ¢ 12.50 ab 12.37 b
0.5% IAA 12.57 ¢ 13.07 b 13.07 b 14.05 c 12.15b 12.97 ab
0.5% GA; 14.35 a 1297 b 14.37 a 15.87 a 12.77 a 13.00 a
1% GA, 14.42 a 13.55 a 14.47 a 15.10 b 1297 a 13.25 a
F-test * * * * * *
CV (%) 4.02 1.83 4.16 2.81 291 3.13

* Indicates statistical significance at p < 0.05.
Means in the same column followed by the same letter are non-significance difference at p<0.05 by DMRT.

Table 4 Effect of seed coating with GA; and IAA on shoot length and root length of marigold ‘MG01” ‘MG02’
and ‘MGO03’ in greenhouse conditions

Seedling length (cm)

Treatments MGO01 MG02 MGO03
Shoot Root Shoot Root Shoot Root
Uncoated seeds 4.13 ¢ 9.23 355 ¢ 8.55 6.55d 8.63
0.5% IAA 433 Db 9.45 4.08 b 8.73 7.35 ¢ 9.13
0.5% GA; 4.63 a 9.03 4.40 a 8.48 8.75a 9.45
1% GA; 4.80 a 8.70 4.53 a 8.55 8.03 b 8.60
F-test * ns * ns * ns
CV (%) 2.74 9.68 3.82 4.32 5.18 14.37

ns = non-significance.; * indicates statistical significance at p < 0.05.
Means in the same column followed by the same letter are non-significance difference at p<0.05 by DMRT.
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Table 5 Effect of seed coating with GA; and IAA on seedling growth rate of marigold ‘MG01” ‘MG02’ and ‘MG03’

in greenhouse condition

Seedling growth rate (milligram/plant)

Treatments MGO1 MGO02 MGO03
Uncoated seeds 94b 9.5¢c IANe
0.5% IAA 10.3 ab 9.7c¢ 8.4 bc
0.5% GA, 119 a 12.6 a 8.9 ab
1% GA; 12.0 a 11.2b 99a
F-test * * %
CV (%) 9.17 24.44 24.32

* Indicates statistical significance at p < 0.05.

Means in the same column followed by the same letter are not significant at p<0.05 by DMRT.
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