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Stability analysis of pre-commercial hybrid corn developed by the National
Corn and Sorghum Research Center
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ABSTRACT: In the process of maize improvement and selecting single-cross hybrid maize varieties, it is essential to
conduct trials in multiple environments before promoting new varieties to farmers. This study aimed to analyze the
yield stability of pre-commercial single-cross hybrid maize varieties from the National Corn and Sorghum Research
Center and select those with higher yield potential than the Suwan 4452 variety. 23 pre-commercial hybrids and 7
commercial varieties from the public and private sectors were evaluated. The experiments were conducted in a
randomized complete block design (RCBD) with three replications in 10 environments across 8 provinces, including
Nakhon Ratchasima, Saraburi, Nakhon Sawan, Sukhothai, Tak, Lamphun, Chiang Mai, and Phayao. The genotype plus
genotype by environment interaction (GGE) was used to analyze the yield stability. The results showed that there
were highly significant differences (P<0.01) in genotype (G), environment (E), and genotype-environment interaction
(GE). The pre-commercial hybrids yielded between 1,096 and 1,347 kg/rai. The highest yield was observed in KSX5720
(1,347 kg/rai), followed by KSX5819 (1,336 kg/rai) and KSX6108 (1,278 kg/rai), respectively. The commercial hybrids
yielded between 1,094 and 1,448 keg/rai, while the best yield was DK9979C and P3875, yielding 1,448 ke/rai, followed
by CP303 at 1,360 kg/rai. The Suwan 4452 check variety yielded 1,197 kg/rai, 17% and 14% lower than KSX5720 and
KSX5918, respectively. According to the Eberhart and Russell stability analysis, the regression coefficients (b) for the
two hybrid varieties were 1.18 and 1.16, respectively, which did not differ significantly from 1. The GGE biplot
explained 56.22% of the total variance (PC1=38.32% and PC2=17.9%). The KSX5720 and KSX5918 varieties
demonstrated excellent yield stability and higher yields than Suwan 4452, indicating their potential as new
commercial varieties.

Keywords: hybrid; GGE; environments; yield stability
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1998) Wugfiuumldnanvansfefuszansamlunslinananlidsuamiedsuulasiosiian nmelddouludiu
Aunndeniiuasundasly (Yan et al, 2000) msUsziiunananneldanmadeuiivarnvaaduuummildunaisislu
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gauAR (ideal environment) fidnusaldedurauasidudunuvesaninwindenlunisdadoniugnssuvesiisiusudale
A114 (Yan et al,, 2007; Mushayi et al., 2020; Sharma et al,, 2020; Ruswandi et al., 2021; Olanrewaju et al., 2021;
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McPherson, 2022) Augidedmilnauaztviausiend uminendoinuasaans TanandnTnadesdnignuamioniug
1350 4452 uazgdaaSuliinunsnsugnunuiundi 10 U agdunaudidedilnauasdriihasinaladmuiuginilng
Bosdniqplmiffdneawlunslinandaiinniviusfudonnaeunananluseduanil (regional yield trial: RYT) faifuiiie
wdndoniuslmiilinondngauaransnfuiluanmwndeniivarnvats nmanaaesiiielinguszasdiioTinsgy
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1. fuoonmenday (days to anthesis) fuanfuiiliinadausndstuiiduininnesnaondag 50% vesdiuausiu
wmeluwlasdos

2. Yusenmendadle (days to silk) TuanTuiliihafusndefufidudlnnoenluy 50% vossnaugutmusly
wUaseae

3. gy (plant height) Snaniufinfuaudisioveduss Tnsduinduiu 5 dudemizsnsvanodugagiim
vdrfueenlvudeudsiufuifmbodusuiiung wmanade

4. Augatin (ear height) frarnfiufinfuaudstovesiinuugn lnsduinduan 5 Fudevienismanodlugasnan
wdrTueenlvudeudsiufuiesfimbodusuiiung wdmanade

5. Wefidudautusdn (grain moisture) Insdanandognsvesudaiinsmeaniinfiiuiowdrinlasld
\3osinmutuwEn (Steinlite, SB 900)

6. Wasdudnzime (shelling percentage) dnaruvasimiinudasethminvaiin fmhoduesidus

7. wawdn (yield) Saimindinanlandsasniudenlumiensmaassimunludauddfuduilansuselsd
ALTuveNuEn 15%
nsAssideyanieana

M5AATIERANLYTUTINTI (combine analysis of variance) yaukunsvaassuuvdtluudenauysal fiugn
VANYANMWINGDL (4308, 2536; R Development Core Team, 2021) fiszfuauidesiu 95% n153iA51241 GGE ¥inaiis
284 Yan et al. (2017) LLazmﬁmeﬁmﬁmmwmaqﬂ’uﬁmuLLUUﬁuad Eberhart ag Russell (Eberhart and Russell, 1966)

1ngld Biometric. KPS (‘gﬁ'ﬂé, 2562; R Development Core Team, 2021)
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Table 1 List the names of maize varieties

Entry Varieties Pedigree Entry Varieties Pedigree
1 KSX5402 Kid8 x Ki60 16 KSX6103 Keil803 x Kid8
2 KSX5720 Keil420 x Ki60 17 KSX6108 Keil808 x Kid8
3 KSX5731 Keild21 x Kid8 18 KSX6109 Keil809 x Kid8
a4 KSX5819 Keil519 x Ki60 19 KSX6110 Keil810 x Kid8
5 KSX5821 Keil521 x Ki60 20 KSX6112 Keil812 x Ki60
6 KSX5918 Keil618 x Ki60 21 KSX6201 Keil901 x Ki48
7 KSX6007 Keil707 x Ki60O 22 KSX6202 Keil902 x Kid8
8 KSX6009 Keil709 x Kid8 23 KSX6204 Kei1904 x Ki60
9 KSX6010 Keil710 x Kid8 24 CP303 Charoen Pokphand Produce
10 KSX6016 Keil716 x Kid8 25 DK9979C Monsanto thailand
11 KSX6017 Keil717 x Kid8 26 P3875 Cortevar Agriscience
12 KSX6019 Keil719 x Ki48 27 Pac789 Pacific Seed
13 KSX6021 Keil721 x Kid8 28 S7328 Syngenta Seed
14 KSX6101 Kei1801 x Kid8 29 NS3 Department of Agriculture
15 KSX6102 Keil802 x Kid8 30 Suwan4452 Kasetsart University

Table 2 List of the ten environments

Entry Environments Corp Seasons
El Pak Chong, Nakhon Ratchasima.
E2 Sawankhalok, Sukhothai.
E3 Wang Muang, Saraburi.
E4 Tak Fa, Nakhon Sawan.
Early rainy season
E5 Phrao, Chiang Mai.
June 2021 - September
E6 Muang Tak, Tak.
2021
E7 Mae Sot, Tak.
E8 Phob Phra, Tak.
E9 Muang Lamphun, Lamphun.
E10 Muang Phayao, Phayao.

nan1sAnYILazIaNTl
NANAALAZIENYIATNVDIHANER
&) . . Y ad , v
1NNISNAFDUANULTULBNNINVBIANNLUTUTIU (homogeneity of variance) Ae35 Bartlett’s test IﬂEJSLGIJ‘UE);Jua
FWINNG 10 @nmwInaey AlAnnsugnyeaeuiiusanuaunauniIsnn 31U 23 Wus wasiuganuauieuiiiey
(check) d1uau 7 ug s 30 Wug wud deyaruudsusiudanuiuenan dalaawesivindu 67.1 (P>0.05) Fath

ToyaraIe 10 ANMWINGEN NTATIRANULUTUTIUTINVBIENYEHAKEN Tngnudn anmwindeu (E) #ugnssu (G) way
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Ufdunusseninaiugnssuivanmwinges (G x E) InnuuandismnsatifegedlitudAnde (P<0.01) (Table 3) Fsdonnaes

v '
=Y N

Tunanesenunsnaaesinageurananiugilnalunarganinwinden wenani Smudnuvmen1anIsinensauY W
Jusenaenday Jussnaendils AnuEwu Augen Wesidudmnuruuan Wesduinzinig danuwnndrmisaifedng

fvedn Uiy (Ratha et al., 2022; Ye et al., 2021; Kpotor et al., 2014)

Table 3 Mean square of combined ANOVA on grain yield and agronomic traits across ten environments

Source df Grain yield 50% to 50% to Plant Ear Grain Shelling
of (Kg/rai) tasseling silking height height moisture  percentage
variance (days) (days) (cm) (cm) content (%) (%)
E 9  6551398** 112.6** 62.9%* 149680** 135141%* 2190.9%* 1131.8*
Block./E 20 176101 9.81 11.33 702 412 10.3 14.5
G 29  304970** 23.662** 28.432%* 1923.2%* 1329.5%* 20.781** 82.24**
GxE 261 73962* 3.055%* 3.649%* 297.8%* 192.5%* 4.185%** 14.65%*
Error 580 31165 1.755 1.845 147.6 101.3 1.004 7.56

**= Highly significant difference at P<0.01

E = environments, G = genotype, G x E = genotype by environment interaction

nandnisveanusluwdazanImiIndey (Table 4) dA1adsnaninuainisnaasd 1,220 nn./ls nandnnduves

ANHANABUNIAN 23 WS ag5enine 1,096-1,347 nn./ls dduade 1,191 nn./ls Wudgnuauneunisiilinandnaiogs 4

Y 9

o w

a1iuusn laun g KSX5720 (1,347 nn./l9), KSX5918 (1,336 nn./L3), KSX6108 (1,278 nn./L3) wagsiug KSX5821 (1,269
nn./13) luvaugdinananiadsvesiuggnuansiumaasy 7 wud fnandniedeuegszning 1,094-1,448 nn./13 wazdidiade
1,312 nn./l3 ImEJWuaj@nmﬁm’mmﬁauﬁiﬁwawamLaﬁaqqqm 4 @ulsn baua g DK9979C (1,448 nn./l3), P3875 (1,413
nn./15), CP303 (1,360 nn./1%) waw Wug PACT89 (1,357 nn./l3) luvmeiiiug Suwandas2 Alfiduiugiuiouiioumnsg
(check) Winandnide 1,197 nn./l3

NnMIeTgiiaiosnmuesiudaigiues Eberhart and Russell (1966) (Table 5) wudnAnduyszansiinsatu
(regression coefficient, b) vasiugadulvaiediosnin (b = 1) snIuiug KSX6102 (b=0.75%) wagiiug KSX6110 (b=1.24%)
Tngfugfidan buinnda 1 aglinandniluanimuiadouivingausonisaiydulauaslinandnsinindnad oly
anmuandondliminzaudonisadyivln luvaedian b fidesnd 1 avlinalunimssiudau Eberhart and Russell,

1966)) WugnaaeuTilinanangs 4 Wug KSX5720 (b=1.18), KSX5821 (b=0.99), KSX5918 (b=1.16) waz KSX6108 (b=0.91)

]

o

Jaduiugndiedosnniuasiidnanimlunislinandngemunaeiaes Eberhart uaz Russell (fnd, 2562) uonainildsdl

HanAnRdvegluseAufeIfuRusgnNaNNITANINAALNYUTIVRARGAR (WU CP303, PACT89 uay S7823
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Table 4 Average grain yield of variety x environment, over 10 environments and regression coefficient (b)
Grain Yield
Entry Average
Variety El E2 E3 E4 E5 E6 E7 E8 E9 E10 b
No. (kg/rai)
kg/rai
1 KSX5402 1,468 1,526 1,105 1,269 1,767 585 1,033 1,645 1,176 822 1,239 1.23"™
2 KSX5720 1,618 1,461 1,289 1,498 1,772 706 1,093 1,483 1,598 952 1,347 1.18™
3 KSX5731 1,539 1,066 916 1,222 1,330 537 969 1,256 1,643 673 1,115 1.15"™
a4 KSX5819 1,247 1,215 1,091 1,431 1,610 433 1,400 1,610 1,376 806 1,222 1.09™
5 KSX5821 1,534 1,328 1,122 1,185 1,485 821 1,207 1,652 1,541 814 1,269 0.99™
6 KSX5918 1,821 1,266 1,132 1,275 1,658 818 1,119 1,571 1,761 943 1,336 1.16™
7 KSX6007 1,343 1,286 1,192 1,146 1,517 876 1,281 1,646 1,311 835 1,243 0.78™
8 KSX6009 1,184 962 1,087 1,271 1,651 916 761 1,306 1,260 770 1,117 0.93™
9 KSX6010 1,397 1,018 1,063 1,173 1,363 977 757 1,355 1,344 686 1,113 0.90™
10 KSX6016 1,394 1,063 987 1,318 1,492 948 853 1,328 1,148 662 1,119 0.92™
11 KSX6017 1,201 1,148 968 1,213 1,570 987 622 1,365 1,254 702 1,103 0.99"™
12 KSX6019 1,255 1,096 1,129 1,161 1,355 857 662 1,437 1,391 612 1,096 1.06™
13 KSX6021 1,090 1,185 1,066 1,388 1,457 1,326 ar 1,207 1,531 676 1,167 0.71™
14 KSX6101 1,274 875 1,048 1,331 1,551 1,113 875 1,367 1,258 642 1,133 0.86™
15 KSX6102 1,306 1,148 1,025 1,269 1,492 932 1,043 1,335 1,275 805 1,163 0.75*
16 KSX6103 1,225 1,191 1,109 1,251 1,585 877 614 1,462 1,468 860 1,164 1.08™
17 KSX6108 1,586 1,362 1,040 1,284 1,803 1,154 1,054 1,246 1,505 747 1,278 0.91™
18 KSX6109 1,157 1,327 1,110 1,382 1,635 852 679 1,491 1,377 889 1,190 1.07™
19 KSX6110 1,410 1,011 1,040 1,415 1,633 766 911 1,576 1,520 772 1,205 1.24*
20 KSX6112 1,075 1,138 991 1,452 1,579 534 930 1,146 1,224 924 1,099 0.88™
21 KSX6201 1,040 1,470 1,203 1,616 1,604 723 871 1,616 1,212 735 1,209 1.16™
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Table 4 Average grain yield of variety x environment, over 10 environments and regression coefficient (b) (continued)

Grain Yield
Entry Average
Variety El E2 E3 E4 E5 E6 E7 E8 E9 E10 b
No. (kg/rai)
ke/rai
22 KSX6202 1,418 932 1,019 1,475 1,743 799 1,199 1,722 1,481 633 1,242 1.28™
23 KSX6204 1,367 1,451 1,064 1,348 1,539 493 1,096 1,691 1,272 968 1,229 1.117™
24 CP303 1,516 1,400 1,239 1,690 1,671 1,109 1,041 1,551 1,532 855 1,360 1.02™
25 DK9979C 1,699 1,573 1,210 1,814 1,544 934 1,060 1,755 1,672 1,220 1,448 1.07™
26 P3875 1,497 1,510 1,362 1,522 1,765 1,130 840 1,820 1,346 1,339 1,413 0.88™
27 PAC789 1,667 1,548 1,383 1,739 1,419 776 918 1,759 1,425 939 1,357 1.21™
28 S7328 1,687 1,421 1,350 1,555 1,444 716 867 1,711 1,377 1,016 1,314 1.16™
29 NS3 1,463 1,041 1,122 1,298 1,043 658 768 1,504 1,240 806 1,094 0.94™
30 Suwan4d52 (check) 1,226 1,163 1,032 1,480 1,363 1,147 126 1,487 1,455 891 1,197 0.83™
Mean of Checks 1,536 1,379 1,243 1,585 1,464 924 889 1,655 1,435 1,009 1,312 -
Over all Mean 1,390 1,239 1,116 1,382 1,548 850 933 1,503 1,399 833 1,220 -
F-test (V) *x *x *x *x *x *x *x *x *x *x *x )
F-test (E) - - - - - - - - - - **
F-test (V x E) - - - - - - - - - - *x
C.V. (%) 12.7 14.2 15.8 12.8 11.4 20.8 18.9 11.7 12.6 21.2 14.5 -

*= Significant difference at P<0.05, **= Highly significant difference at P<0.01
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N153ATIAEAEININAINAIBNTNANANVDINUFNITNUINUJTUNUS TN ININUGNTIUAVENNKING DN (GGE)
gnnslumasn which-won-where (Figure 1) o3uUngamndsUsuiavuals 56.229% (PC1 = 38.32% way PC2 = 17.9%)
Taewesiuddsgaudsin Fafianuusndnafululuusaz sy 1wy 76.42 (Ratha et al, 2022), 80% (Olanrewaju et al.,
2021), 67.86% (Naggar et al., 2020), 62.40% (Mitrovic et al., 2012) way 73.5% (Apraku et al,, 2012) IngAULANF S
wianianansoesuneldannisufiuiusssrnaiugnasuuazanminadeniiunndeiuluusesnnsmaaes namie Wugnssu
vasdnlnalundaziugaznevaussisanmwindeuiiunndaiu deasinadonadnivesesdusznoundn PC1 uag PC2
(principal components, PC) fiazvoudiansususuaziatiosnwluanmuwandousnas (Ratha et al, 2022) uenani A
LANAlUAIAMURUTUTINYRIDIAUTENOUNAN (PCL kag PC2) deanunsaiinainuatedade Wi anuvainnaenis
Wugnssuvesiuiildlunsmaass Ssenaunnsrsiluusiaznisfnu dwaliauanisaluniseduisanuuususmnin
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Figure 1 Which won where biplot for the grain yield of maize (kg/rai) with 30 varieties and the 10 environments
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Figure 2 Evaluation of ten maize hybrids based on both grain yield and stability performance across nine

environments.
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Figure 3 The ranks of the test environments based on the relative performance; (a) KSX5720 (2), (b) KSX5821 (5),
(c) KSX5918 (6), (d) DK9979C (25), (e) P3875 (26) and (f) Suwan4452 (30)
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Figure 4 GGE biplot of the discriminating and representativeness ability of the test environments.
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Figure 5 GGE biplot of the ranks test environments relative to an ideal test environment.
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