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Abstract

The evaluation of waxy corn hybrids aimed to evaluate the yield potential of elite waxy corn hybrids
in multi- environment. A Randomized complete block design was conducted with three replications,
consisting of five elite waxy corn hybrids and three commercial waxy corn hybrids, including DOA. Chai Nat 2,
Ploychompoo and Sweet violet. The experiment was conducted in ten environments at Kanchanaburi,
Khon Kaen, Lopburi, Sukhothai, Loei, Song Khla, Suphanburi and Ubon Ratchathani, including two
environments at Chai Nat province during 2022-2023. The combined analysis of variance found that two
elite waxy corn hybrids had the highest yield that were CNW2182 and CNW2082, providing yield with husk
of 2,180 and 2,165 kg/rai. There was no significant difference from Sweet violet (2,124 kg/rai) which was the
highest yield of check variety. For GGE biplot analysis, the results showed that the biplot explained 82.87%
of total variation with PC1 of 58.29% and PC2 of 24.58%. CNW2182 and CNW2082 had high yield, and had
yield stability similar to Sweet violet variety. Additionally, there were significantly high yield in five
environments. Additionally, two elite waxy corn hybrids, CNW2182 and CNW2082 had yield without husk of
1,313 and 1,293 kg/rai and good agronomic traits, including the number of days to harvest of 65 and 63
days that was less than Sweet violet of 2 and 4 day, respectively, ear size (diameter x length) of 4.6 x 16.3
and 4.4 x 16.9 cm, number of seed row per ear ranged of 14- 16 rows and good eating quality. Thus, two

elite waxy corn hybrids could be further recommended to farmers.

Keywords: Waxy corn hybrid, Yield evaluation, Combined analysis of variance, GGE
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1. uni
F1alwadrunilen (Zea may L. ceratina) 1udnalwasuuszniuilnanfianuisadgnlaviannainves
Uszina Uszindlvedianudesnisldwaaiuginlnaniiusazdninadianies 900 dused Anduyasl 600
auum lnsutadudnlnamu 55% wazdnlnadruniden 45% lnenananduluglauslnanielulssma wavd
B v a = 1 oA v v o = a A a o ¢ .
wdlduanudesnsiiugusgaillos fugialnadmleinieundgnlutagtuduviaiuggnnay (hybrid)

'3 q' 1 s

lnslanizviaiuggnuauife (single cross hybrid) LARINNNTNANTENINEERUTUY (inbred line) 2 angwiug
Dugnwauillfnandngedian 111 n13ufuussuagimuiusinlnadamiegnuauiiisainniaty uaziensu
dwsudumadenliuniinumsns wazguilaa W sWug nan.deum 84-1 nmanFoum 2 ¥y dramdeamn
aililedn wileuhwsy waznassvuy WWusu nsudnnisinens Wnegudideialsdeumliiauisasuiuls
Wugdalnadrnnieignuauniedisdeiios uaznaaounandndinlnadrnndorgnuaniuslnaly
nangannundon iedatdentalnadruniergnnaniidanunusanlufiuiiugndalnadrnien
nsUsziiiuaiosnmmslinananainuarsanimuinde uiisinsgintould 16un mslesgiadesaimany
78n15v84 Eberhart and Russel (1966) [2] uagn153tAs1wBnSnananvasiugnssuuInUduiussenieiugnssy
fuanimuinden (GGE) Fadudiuniavesanuudsusiuannsaaeunatsanimuindey awnsaldusyiiiu
wugnssalugeuni (ideal genotype) lefissnmnslsinandn uazdnidonanmuindouiivnzauseriug Insedue

o

lugUwuuveensavl biplot [3-5] $117 ahh

o

ngUszasA WeUssiliudneninlunislinandnvesdilnatmilys
anuaufsiuluaganmIngey

2. 8

v v =

Fralwadranilergnuean

fa v A

1. Plwadrimilergnuaniiuaintasinisusulsaiustnlnadruniletvesaudideivlsdeuim
nsdmnsneas finunisdadenlutuneunisiTeudiouiugssningd 2563 — 2565 $1uau 5 gnuan léun
CNW2080 CNW2082 CNW2089 CNw2144 uay CNW2182

2. Palwadramilegnuaniugnisinanaiasy wasonvudiwiu 3 wug loud nindeuim 2 (nsudn

M3NYAs) wasswy (USEM WeWauiudiialne 1in) wasaivlilewdn (U3Em Bavi 1as Ta)

/s

Maununsmaassuuuduluudenauysal (RCB) $1uru 3 1 taglddnTnndmdsagnuaudiuiy
5 gnay WIsuWeuAuiugnIsAIINN1AsT waztensuduiu 3 ug lagldvuiauwlaimaassges (plot size)
U 6 407 Ygnundend 5 Luns Miszesdan 0.75 x 0.25 1uns

nsuftRguasn newdeuduuaslddesosiu 15-15-15 8nsn 50 Alanfusals Ugndnalnadiamien
anua wasusiUSsuiisunausumsneaes Wednlnednamiereny 14 Ju asuusnlivie 1 fusiovay ldde
46-0-0 8031 50 Alanusiols uisld 2 s adsay 25 Alansusiels iWedvilnadramilinany 20 uay 40 Jundwgn
Fuieatnlnedimissiuiu ¢ uaanans ndsTusenl 50 wWesldud druau 20 Su

anliunisnagevlugaiusenitafounguniay - Augigy 31U 10 @an1nwiIngey se1nined
2565 — 2566 lnglul 2565 nadoudIuIu 5 dnmwindes lawn Janiadeun (E1) neyauys (E2) veuwnu (E3)
gluviy (E4) any3 (E5) wazlul 2566 910w 5 annuindeu Llawd Jmdadeuin (E6) e (E7) aavan (E8)

anasays (E9) uavauasnwsiil (E10)
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Ao stuiindeyaniideialsuariunaunundanuy

L= ¥
n1sUuindaya
TuinnandnlazdnuaenInN1snunsid1Agy a1

(6] fa1)
1. nawandnnaUdenuwazUandan

2. dnwaznenisinens Wud Suiniueennenuazeenivy 50 Wesidud anugeiunazaugiln
Frunuiuiuies aswuudoniuiln 1 - 5 (Waenvulneaedaneiinuinndy 2 wufiues - yareilnlnaiuvane

wWaenviuiln) avwunsiln (0) anueniln (L) enuenduilifowds (T) wazduiuiniveudn
3. avduuanuveuInMsusiaainauan Tagldgnaaeudiua 12 au Winzuuuaauiy (Tenderness) =

1- 5 Wls-nunniign) wazAduveu (Favor) = 1 - 5 (¥outlesdian-yeuniniian)

AIIERANLUTUTIU (ANOVA) WagA1nuuusUs1uss (combined analysis of variance) AuLNY

nsAseideya
nsnaasskuuduluudonauysal (Randomized Complete Block Design: RCB) kaziU3auifisuaauunneineues
Aadeveandnvazlagld LSD (least significant difference) fiszauauidiodu 95 wWesidud Iinsziaiosnim
n15likanEnA1138N15U83 Eberhart and Russel (1966) wagiinsiznaninananveaiugnssuuInyjduius

sEriiugnssuivanmwIndeu (GGE) Ingld R statistical computing, version 4.2.2. [7]

3. NAN153BUAzaAUTIENA
N15AATIENAMNLUTUTINITIN waziadesnmnslinandnvastntlnadiamtitgnuanfau
MMIAATIERAMNLUSUTIUTIN (combined analysis) veswandniiniaden wazUsniudenvesinlng
aou WU WUG @annwInden wag
dndigya (P<0.01) (Table 1)

o

drunllergnuananulagiuseuiisuiuiugnisan 39w 10 an1nuan

Ufduiusseninaiugnssuivannwingaeuinuuans1amvaifie ety
Table 1 Mean square of combined ANOVA on with and without husk yield across ten environments
Source of variance Df with husk without husk
Environments (F) 9 4371414 1213626**
Genotypes (G) 7 713834** 75175**
GxE 63 92361** 41245%*
Error 140 21406 9494

** = sjgnificant difference at P<0.01

¥, ** = significant difference at P<0.05
fuden wud dnlweadrimiegnuandiulinaninnbeseving 1,919 - 2,180 Alany
sols (Table 2) TuvuAinugnisinlvinandnafosening 1,725 - 2,124 Alanfusials dnlnadrundesgnuay

MSLHARERRNTIL
lvinandngean 2 guay lewd CNW2182 (entry 5) waz CNW2082 (entry 2) T¥nandniads 2,180 uas 2,165

Alansusials alwadrundedfiiuns 2 duan Inandauinndniug nan. Feum 2 uasnaouyuniilinandn
1,978 waz 1,725 Alansusiels warlinandnliunnssanniudainliledvitlinands 2,124 Alansusiels lneguay

CNW2182 (entry 5) Tinanangegeiianminadendaiaveundu U 2565 (£3) awys U 2565 (E5) doum U 2566
(E6) Lae U 2566 (E7) wazguaswsnil U 2566 (E10) wazewan CNW2082 (entry 2) vinandngeanilanmundon

Janingluvie U 2565 (E4) uazanssays U 2566 (E9)
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Table 2 Combined analysis of with husk yield of waxy corn hybrids, regression coefficient (by) and standard

deviation of b; (S°4) evaluated across ten environments in the rainy season during 2022 — 2023

Environment®

Entry Hybrid b; Sy
El E2 E3 E4 E5 E6 E7 E8 E9 E10 Average
1 CNW2080 1,629 | 2,302 | 1,720 | 2,170 | 2,248 | 2,273 | 1,807 | 1,548 | 2,716 | 1,825 2,024 0.09 12974
2 CNW2082 1,690 | 2,281 1,806 | 2,656 | 2,472 | 2,480 | 1,851 1,447 | 2,905 | 2,066 2,165 1.05 23394**
3 CNW2089 1,745 | 2,332 | 1,807 | 2,431 | 2,506 | 2,313 | 2,033 | 1,296 | 2,750 | 2,032 2,124 0.98 10898
[ CNw2144 1,630 | 2,848 | 1,193 | 2,090 | 2,123 | 2,276 | 1,755 | 1,193 | 2,289 | 1,791 1,919 1.08 59368**
5 CNW2182 1,632 | 2,646 | 1,900 | 2,653 | 2,682 | 2,532 | 2,046 | 1,105 | 2,438 | 2,169 2,180 1.15 36069**

6 DOA.ChaiNat2 | 1,687 | 2,247 | 1,421 | 2,380 | 2,235 | 2,302 | 1,771 | 1,303 | 2,655 | 1,774 1,978 1.02 13726

Ploy-
7 1,338 | 1,993 | 1,470 | 1,805 | 2,079 | 1,843 | 1,472 | 1,303 | 2,397 | 1,551 1,725 0.79* | 18255*
choompoo

8 Sweet violet 1,571 | 2,665 | 1,740 | 2,207 | 2,807 | 2,713 | 2,000 | 1,284 | 2,357 | 1,892 2,124 1.12 | 43943**

Mean 1,615 | 2414 | 1,632 | 2,299 | 2,394 | 2,341 | 1,842 | 1,310 | 2,563 | 1,887 2,030 - -
LSD (0.05) 152 235 269 254 289 313 203 164 299 321 157 - -
CV. (%) 5.36 5.56 9.40 6.31 6.89 7.62 6.30 7.14 6.66 9.71 14.97 - -

* = significant difference at P<0.05
** = significant difference at P<0.01
! Environment testing; E1 = Chai Nat province (2022), E2 = Kanchanaburi province (2022), E3 = Khon Kaen province (2022),
E4 = Sukhothai province (2022), E5 = Lopburi province (2022), E6 = Chai Nat province (2023), E7 = Loei province (2023),
E8 = Songkhla province (2023), E9 = Supanburi province (2023) and E10 = Ubon Ratchathani province (2023)
A193LATIEMER TN INNTIRRANAN M1UATUOY Eberhart and Russel (1966) [2] vosdnwazHaNan

dnviauien 91uu 10 antnwingeu wudt Plnadruniedgnuausianuidniion CNW2182 (entry 5) uag

'
' a

CNW2082 (entry 2) fiaduuszandiinsadu (b) liuana1eain 1 (Table 2) uadlandeauuuaindunsasinsadu

@ a

(S%) wAne1931n 0 eg1efidadAgym1eads lneiugiivndiafosnmaudenmunnuaudfives Eberhart and

o
3

Russel (1966) siodlisimduysyanssinsatu (b) ldunns1ean 1 andesuuandunssingadu (S ldunns
1 0 waylinandngs Aaty 3NNan1TIATIe kaned1 susiianuudsusiulunistinandsluldazaninwingey
wanING Arau CNW2080 (entry 1) CNW2089 (entry 3) wagfugn1san Wug nan. deum 2 deArdudszdns
= < 1 i oA D3 = o 2 1 ' v v =

Sinsatu (o) Liuene199n 1 wazAndsauuandunsssingatu (S7) Liwand1991n 0 wansdn 9rlnadnamien

gnwaniug nandoum 2 fadesnnlunislinandalunnaninwindon uasgslsiniu drlnadramidegnua

U q

o

w§ NN Feum 2 Winandadinitalnadmileignuausiviundadonyis 2 auey

nFAATIEBVENANENVaIRLINSINUINU NS SEndeWugnIsuAUanWKIRGN (GGE)

NMINATIEE GGE biplot vesdnuassaranilnitaUden wuiy ABNSNANANVBAIIUENTIH (PCL) AU
55.26% (Figure 1) wazeAdvanaufduniusvesiugnssuivaninwinaeu (PC2) wiiu 24.48% uanein n31ml GGE
biplot asnsneSueléisan 79.74% nansiinsizsiaduiugnssudleiSeuiisuiuiiugnssulugauaiannnsiw
mean vs. stability wui1 flwatmieignuanfisiuiidaidon CNW2182 (entry 5) aglndiusiugnssulugaund
(ideal genotype) maﬁqm (Figure 1) 5098311 Ao CNW2082 (entry 2) %ﬂﬁuﬁqﬂiiﬂuQQMﬂa (ideal genotype)
fhumisegnssiumisignasuudunssdadounuaninuindey (average environment axis, AEA) @eiiugnssa

Tugauead AistALafenananas wazkandaiadiosnnlunnaninwinden [3, 5] 4lwadamileignnaufeums
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[ V)

2 anay Winandngunnnimiugaivlilewdn (entry 8) fiegdudenfuiuiumisvesiugnssulugaund dmiu

Y
Anaufibiiadosanlunisiinaningafian Ao CNW2089 (entry 3) Faulugnanfifiduusefiainaingaiugnssy

NIFIAINAULAY AEA é’uﬁqm urpgnalsiniu CNW2089 (entry 3) Tinanansdiinin CNW2182 (entry 5) uaz

d P s

CNW2082 (entry 2) wagaray CNW2182 (entry 5) ﬁiﬁmawaquﬁamuLaﬁﬂim‘wmﬂﬁmawﬁminéﬁﬁmﬁ’uﬁua

9 3

divhladnfiduiugiinuasnsieuvan
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Figure 1 Evaluation of eight waxy corn hybrids base on stability performance for yield with husk across ten

environments by GGE biplot method

oAz AuvIIzaNYeIRusuATaANIWILAZENINNTIN GGE biplot (which won where / what)
(Figure 2) wuin ansautsanwiandenld 2 nau e naud 1 1un anwwindendamda nigyauy3 U 2565 (E2)
any3 U 2565 (E5) Foum T 2566 (E6) 1as U 2566 (E7) uazguas1vsndl U 2566 (E10) uazngudl 2 éun
anmwindeudwindeuin U 2565 (E1) vouwnu U 2565 (E3) aluviv U 2565 (E4) aavan U 2566 (E8) way
awssag T 2566 (£9) Inednlnndramieagnuanfiiu CNW2182 (entry 5) Tinananffianimuindounguil 1

uaz CNW2082 (entry 2) sinandnfifianimuindennguil 2
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Figure 2 The which-won-where / what of the GGE biplot for yield with husk showed eight waxy corn

hybrids genotypes for yield with husk across ten environments

dnwazmensinasiidndyvastialnadramietgnuay

NNTIATIERANKUTUTIUTINveslinandninUeniden wudt dnlwatrunileignuanlvinanie
s¥winade 1,235 - 1,330 Alansusiels (Table 3) Iuﬂumsﬁﬁuﬁjm%uLﬁauiﬁwamﬁmLaéiaszwiN 1,185 - 1,285
Alansumols Imasﬁflﬂwm%’nmﬁmqﬂwamﬁmuﬁﬁmﬁaﬂ CNW2182 (entry 5) wag CNW2082 (entry 2) Tinanan
1313 uag 1,293 Alandusels lagwa 2 Anas WkandnunnIiugIeuiiey ﬁuﬁwaaa%mmﬁiﬁwawﬁm 1,185
Alansusials uazliinandnliuanananiniug mndeum 2 uazaivlngy Plsiwanan 1,219 uaz 1,285 Alansusels

Frlmadranilognuauiiduiidadantio 2 duau CNW2182 (entry 5) uay CNW2082 (entry 2) langiftuiie
65 wae 63 Tu (Table 4) fosniugainlladniifogfiuien 67 Yu uonnd dnlnadrniegnuauiieud
fnudanita 2 guan fsruautusonmen 50 Weddud 7 43 way 42 Fu Swautusenlvu 50 wWedidud 7 46 uax 45
Tu AU 188 way 195 wufluns Anugelnviaiu 91 wag 104 wuRlins Azluudesnuinuindu 1
(Wasnyuineaeyatsilnuinndl 2 wudiuns) au1ain (0319 x 817) 4.6 x 16.3 way 4.4 x 16.9 @uRlung
fiduauuaivrenudn 16 uaz 14 uad wazlinauninnisuilaed lnedaruwmierguuinwazanuveulusayd
lngsufun (Azuuu 4)

' N ' N

%niwm%nmﬁmqﬂmauﬁmuﬁﬁmLaaﬂ 2 Anau A CNW2182 (entry 5) hay CNW2082 (entry 2)

U

a o I v ¢

Tinandngs wazlinuninnisuilaad Segiiuifeitesniiugainllediviinunsnsiendgn amnsailusiug

]

mwaLﬁaﬂLLuzﬂﬂdLﬂwmiﬂslﬁ
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Table 3 Combined analysis of yield without husk of five waxy corn hybrids and three commercial hybrids

varieties evaluated across ten environments in the rainy season during 2022 - 2023

Environment’
Entry Hybrid
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 Average

1 CNwW2080 1,164 1,374 1,099 1,411 1,436 1,222 1,129 896 1,629 1,090 1,245
2 CNw2082 1,047 1,340 1,116 1,526 1,476 1,296 1,229 884 1,778 1,239 1,293
3 CNw2089 1,076 1,346 1,171 1,503 1,646 1,163 1,056 780 1,476 1,138 1,235
4 CNw2144 1,105 1,771 998 1,577 1,450 1,428 1,302 869 1,558 1,238 1,330
5 CNw2182 1,222 1,527 1,277 1,639 1,693 1,192 1,344 716 1,199 1,326 1,313
6 DOA.Chai Nat2 1,105 1,347 927 1,495 1,422 1,231 1,188 787 1,605 1,077 1,219
7 Ploychoompoo 1,018 1,315 1,110 1,266 1,449 1,144 1,071 923 1,551 1,002 1,185
8 Sweet violet 1,222 1,645 1,143 1,581 1,411 1,377 1,314 880 1,317 963 1,285
Mean 1,120 1,458 1,105 1,500 1,498 1,257 1,204 842 1,514 1,134 1,263

LSD (.05 136 110 - 192 145 151 132 100 219 - 104.78

CV. (%) 6.94 4.30 10.35 7.31 5.51 6.88 6.28 6.80 8.27 12.75 16.07

* = significant difference at P<0.05

** = significant difference at P<0.01

! Environment testing; E1 = Chai Nat province (2022), E2 = Kanchanaburi province (2022), E3 = Khon Kaen province (2022),
E4 = Sukhothai province (2022), E5 = Lopburi province (2022), E6 = Chai Nat province (2023), E7 = Loei province (2023),
E8 = Songkhla province (2023), E9 = Supanburi province (2023) and E10 = Ubon Ratchathani province (2023)

Table 4 Combined analysis of agronomic characteristics of five waxy corn and three commercial hybrids

varieties across ten locations in the rainy season during 2022 - 2023

Days to 50% Height (cm) Husk Ear size (cm)? No. of Quality®
Entry Hybrid Days to cover kernel
anthesis | silking | plant ear harvest N D L T Tenderness | Favor
(1-5) row

1 CNW2080 a2 45 194 103 63 1 4.2 17.1 1.3 14 [ [
2 CNw2082 42 45 192 104 63 1 4.4 169 | 0.8 14 4 4
3 CNwW2089 42 45 189 104 63 1 43 171 | 09 14 4 4
[ CNw2144 a3 a5 186 93 64 2 a7 157 | 13 14 4 4
5 CNwW2182 a3 a6 188 91 65 1 a6 | 163 | 0.2 16 4 a
6 DOA.Chai Nat2 41 44 196 101 63 1 43 16.8 | 0.9 14 4 4
7 Ploychoompoo 44 46 180 88 64 1 43 163 | 0.7 14 5 4
8 Sweet violet 46 49 184 94 67 2 4.3 18.1 | 2.2 12 4 4
Mean 43 45 189 97 64 1 4.4 168 | 1.3 14 [ [

F-test *x *x * %% %% , *x *x . *x .
LSD (0.05) 0.71 1.03 9.17 5.68 1.03 - 0.1 0.78 - 0.54 - -
CV. (%) 32 4.38 9.42 11.31 3.11 - 4.55 | 9.06 - 7.79 - -

! Husk cover score = 1-5 (poorest-best)
2 Far characters: Ear diameter (D), Ear length (L) and Tip blank (T)

% Quality bite test score: Tenderness = 1-5 (less tender - most tender), Favor 1-5 (least favorite - most favorite)
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