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Abstract 

 

Yellow maize is grown in autumn and spring seasons and prevailing in both dent and flint types. High yield with stable 

performance of yellow maize genotypes across these seasons is desire of local farmers. Total 150 yellow maize accessions 

including both dent and flint types were subjected to field trial under augmented design in both autumn and spring seasons. 

Data for different morphological and yield related traits were collected and subsequently subjected to analysis of variance, 

principal component biplot analysis, stability indices and GGE biplot analysis. Significant differences were observed in 

yellow maize accessions across autumn and spring seasons. Yellow maize accessions were high yielding in spring season 

relative to autumn season. Among total 150 yellow accessions, 90 were of flint type and 60 were of dent type. Yellow Dent 

and flint accessions were also significantly different for morphological and yield related traits; yellow dent accessions were 

better performing and high yielding relative to flint. During autumn season, accessions 14965, 19205, 14982, 15019, 15173, 

15172, 15171, 15194, 15205, 24687, 15163, 15169, 15190) and 906 were better performing whereas, in spring season, 

accessions 15353, 19175, 15076, 15328, 15077, 15189, 15207, 15061 and 15071 were better performing for studied traits. 

Accessions 19175, 15353, 15207, 15187, 19205, 15185, 15172, 15205, 15227, 15167, 15190, 14970, 14971 and 15019 

among dent and accessions14965, 15102, 15101, 15109, 15131, 15011, 15218, 14919, 15192 and 15011 among flint were 

superior performers. GGE biplot analysis, cultivar superiority index, static stability and wricke's ecovalence were used for 

estimation of biological homeostasis in grain yield. Accessions were given different ranks by these three stability indices 

when indices were considered individually. Mean ranks based on static stability, cultivar superiority index and wricke's 

ecovalence were proved effective and their results were comparable with results of GGE biplot analysis. Accessions 15328, 

19175, 15069, 15077, 15189, 15258, 24688, 15186, 15100 and 15105 were unanimously declared stable with higher grain 

yield across autumn and spring seasons. Conclusively these genotypes could be exploited for higher yield with stable 

performance. Mean ranks based on static stability, cultivar superiority index and wricke's ecovalence could also be used as 

alternative to GGE biplot analysis and vice versa. 
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Introduction 

 

Maize has great yield potential and grown across the 

Pakistan. In Punjab province, maize is grown in two 

seasons i.e., autumn and spring (Akbar et al., 2008). 

Newly developed maize cultivars are being adopted in 

both seasons and yield potential is continuously 

increasing. Availability of quality seed in Punjab is 

about 50% whereas; across the country availability is 

only 34% (Ijaz-ul-Hassan et al., 2011). Spring maize 

was extensively proliferated by replacing cotton. Spring 

season is comparable with temperate conditions 

whereas, autumn is analogous to tropical or sub-tropical. 

Spring maize is cultivated from December to March and 

autumn maize from June to August. Spring maize 

matures in 115-120 days and autumn maize matures in 

100-105 days. Yield of maize in Punjab province is 

suboptimal due to overwhelming cultivation of low 

yielding open pollinated genotypes, improper planting 

method (Rasheed et al., 2004b; Abdullah et al., 2007), 

improper selection of genotype, water stress (Tabassum 

et al., 2007), weed infestation (Subhan et al., 2007) and 

nutritionally deficit soils (Rasheed et al., 2004a). 

Production can be improved by integration of 

management practices with high yielding genotypes. As 

a breeder, continuous development and evaluation of 

germplasm is prerequisite for different agro-ecological 

conditions due to continuous change in biological and 

climatic conditions. 

Maize is grouped into popcorn, floury corn, pod 

corn, waxy corn, flint corn, dent corn and sweet corn 

based on the characteristics features of grain. These 

types of maize grain have different industrial 

manipulations in different countries (Sobukola et al., 

2013). Dent maize genotypes in Nigerian germplasm 

were high yielding relative to flint maize. Nigerian 

maize germplasm has higher proportion of dent maize 

relative to flint maize (Anthony, 2014). Crown of dent 

maize has soft starch which becomes dented after losing 

moisture. Dent maize is prevailing in both white and 

yellow colors (Ignatius, 1989). Globally dent corn either 

white or yellow is contributing 95% share in maize 

production. Flint corn has characteristics round, smooth 

and hard kernels (Anthony, 2014). Today’s dent corn is 

actually cross product of ancient flint and Gourd seed 

irrespective of intentional or accidental nature of 

crossing (Dickerson, 2003a,b). 

Phenotypic expression depends upon genetic makeup 
of the individual and prevailing environment therefore, 
breeding programs are keenly relying on the study of 
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genotype into environment interaction. Cultivation of 
genotypes on different locations, soil types, years, sowing 
dates, seasons, different levels of inputs, with different 
treatment levels and other factors are considered as 
environment factors to study the genotype into 
environment interaction. Statistically, genotype into 
environment interaction is non-additive in nature (Yue et 
al., 1997) which indicates gigantic reliance of mean yield 
on environment. Characteristics of genotype 
×environment interaction highlights that selection of 
genotypes based only on mean performance in particular 
environment is not efficiently effective (Hopkins et al., 
1995). Genotypes × environment interaction is subjected 
to select the genotypes with better stability for reliable 
prediction of genotypic behavior (Eberhart & Russell, 
1966; Tai, 1971). Different parametric and non-
parametric models are used for estimation of genotype × 
environment interaction. Parametric models based on 
simple linear regression analysis are Eberhart and Russell 
model (1966), Shukla stability model (1972), Francis and 
Kannenberg (1978), Finlay and Wilkinson model (1963). 
Huehn (1990) and Nassar & Huehn (1987) suggested four 
non-parametric statistics i.e., Si(1), Si(2), Si(3) and Si(6). 
Ranking of cultivars following Fox et al. (1990) and 
Thennarasu (1995) non-parametric stability statistics 
(NP1, NP2, NP3 and NP4) are also used for stability 
analysis. Parametric models are unable to satisfactorily 
fulfill the assumptions of homogeneity of variance, 
normality and linearity or additivity of the effects of 
environments and genotype (Yue et al., 1997). Lin & 
Binns’ (1988a) proposed the genotypic superiority index 
which identifies the superior genotypes by associating the 
productivity with stability for individual parameter. 
Superior genotype is one which has maximum 
performance in different environments (Lin & Binns, 
1988b). Additive main effects and multiplicative 
interaction (AMMI) and genotype, genotype into 
environment (GGE) interaction biplots are most preferred 
multivariate analysis due to comprehensive graphical 
display for estimation of genotypic stability and 
adaptability across different environments (Aslam et al., 
2015; Maqbool et al., 2015; Yan & Tinker, 2006; Yan et 
al., 2007; Zobel et al., 1998). GGE biplot is 
characteristically distinct due to having inner product 
property, considering genotypes and genotypes into 
environment interaction simultaneously as source of 
variation (Yan and Tinker, 2006; Yan et al., 2007). 

Keeping in view the importance of yellow maize to 

initiate the provitamin A biofortification breeding 

program, study of genotype× season interaction for 

yellow maize was keen objective of this study to explore 

most stable genotypes. Genotype × season interaction 

for grain yield was studied by using different stability 

indices and GGE biplot analysis. GGE biplot analysis 

and stability indices were also compared for 

effectiveness in genotypic selection. Yellow maize 

germplasm including both dent and flint types are 

prevailing in Punjab, Pakistan. Comparison of yellow 

dent and flint maize was also focused in this study. 

Identification of stable and high yielding yellow maize 

genotypes will be helpful for maize breeders to 

manipulate these genotypes as parents in indigenous 

provitamin A biofortification breeding programs.  

Materials and Methods 

 

Yellow maize germplasm used in this study was 

collected from Plant Genetic Resource Institute (PGRI), 

National Agricultural Research Council (NARC), 

Islamabad, Pakistan. Total 150 yellow accessions were 

collected from PGRI comprising of 60 dent and 90 flint 

accessions. These collected 150 genotypes were 

characterized for plant height (PH; cm), ear height (EH; 

cm), total plants (TP), root lodging (RL), stem lodging 

(SL), days to 50% tasseling (DT), days to 50% silking 

(DS), anthesis silking interval (ASI), total cobs (TC), 

number of rows per cob (NRPC), grains per row (GPR), 

yield per plant (YPP; g), bad husk (BH), grain yield per 

genotype (GY; g) and total carotenoid contents (TCC; 

µg/g). Spectrophotometric estimation of total carotenoid 

contents were done by following protocol established by 

Rodriguez-Amaya and Kimura, (2004). Following 

formula is used for estimation of total carotenoid contents 

(Rodriguez-Amaya and Kimura, 2004); 

 

Total carotenoid contents (µg/g) = 
 

 

whereas, A(total) = absorbance; volume = total volume of 

extract (25ml);  = absorption coefficient of 2500 

 

These 150 yellow maize accessions were grown in 

both spring and autumn seasons using augmented field 

design (Federer & Raghavarao, 1975). Each accession 

was planted in a single row of 5m length and one block 

comprised of 50 test accessions whereas, in addition to 

these, 4 standard genotypes were randomly repeated in 

each block (each block comprised of total 54 entries 

planted on single row). Spring and autumn sowing was 

perceived as independent treatment factors so, number of 

entries became 304 including 4 check repeats (Total 

genotypes = 150 in spring + 150 in autumn + 4 checks 

repeated in both seasons). Number of blocks were 6 

including 3 of autumn and 3 of spring season. Dent and 

flint accessions were treated as independent source of 

variation. Orthogonal contrasts were generated for 

comparison of accessions with checks, spring responses 

with autumn responses and dent yellow maize with flint 

yellow maize. Estimates for different mean comparisons 

were determined as: standard error of difference between 

check means (SEd1), standard error of difference between 

any two means of test genotypes (SEd2), standard error of 

difference between any two entries of the same block 

(SEd3), standard error of difference between means of 

test accessions and check genotypes (SEd4), difference 

between check means (Sc), difference between adjusted 

yields of two selection means in the same block (Sb), 

difference between adjusted yields of two selection means 

in different blocks (Sv) and difference between an 

adjusted selection yield and a check mean (Svc). 

Summary statistics for spring, autumn, flint and dent 

accessions were generated separately to determine the 

trends in data distribution. Meteorological conditions of 

subjected spring and autumn seasons 2015 for the site of 

experimentation were given in Table 1. 
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Table 1. Meteorological conditions of subjected spring and autumn seasons 2015. 

 Month High temp (°C) 
Low temp 

(°C) 

Average temp 

(°C) 

Precipitation  

(mm) 

Snow  

(cm) 

Spring 

February 22 10 16 2 0 

March 27 15 21 2 0 

April 34 20 27 2 0 

May 38 25 32 12 0 

Autumn 

August 35 27 31 262 0 

September 35 25 30 99 0 

October 32 19 26 31 0 

November  27 13 20 10 0 

 

Principal component analysis (PCA) based biplots 

were used as multivariate analysis to assess the responses 

of genotypes for autumn, spring, dent and flint accessions 

based on the performance of all studied traits. Cultivar 

superiority index (Lin & Binns’, 1988a), Wricke's 

ecovalence (1962), static stability (Lin et al., 1986) and 

GGE biplots were used to assess the stability of the 

accessions across different seasons. Principal component 

biplot analysis, GGE biplot analysis (Yan & Kang, 2003), 

cultivar superiority index, static stability index and 

Wricke's ecovalence were measured by using GenStat 16th 

edition software. Superiority index was developed by Lin 

& Binns (1988b) which is as following; 

 

Pi  = 
 

Or 

Pi =  

Whereas, Xij is the mean of i genotype for j 

treatment/environment, Mj is the genotype with maximum 

yield at j treatment/environment and E is number of 

treatment/environments. 

Wricke's (1962) ecovalence is following for ith genotype:  

 

Wi
2 = ∑ (Rij - mi - mj + m)2 

Whereas, Rij is the observed yield response, mi and mj 

according to previous notations, and m is the grand mean. 

Static stability (type 1 stability) comprised of several 

measures however, environmental variance (S2) is one of 

the main static stability measures (Lin et al., 1986).  

 

Si
2 = ∑ (Rij - mi)2/(e - 1) 

Whereas, Rij = observed genotype yield response in the 

environment j, mi = genotype mean yield across 

environments and e = number of environments.  

 

Results and Discussion 

 

Significance of differences: Morphological and yield 

related traits of yellow maize germplasm were 

subjected to analysis of variance which showed the 

significant differences between blocks, entries, 

accessions, checks, autumn accessions, spring 

accessions, dent and flint germplasm for all traits 

except root lodging, stem lodging and bad husk (Table 

2). Statistical significance for sources of variation was 

evaluated at 5% and 1%level of significance 

respectively. Mean squares for all traits were presented 

in Table 2. Higher the mean squares more the 

contribution of source of variation. Contrasts between 

checks and accessions, autumn and spring, flint and 

dent were also significant for studied traits. SEd1, 

DEd2, SEd3, SEd4, Sc, Sb, Sy and Svc measures for 

studied traits of yellow maize germplasm were also 

presented in Table 2. Summary statistics showed that 

yellow maize accessions have higher mean for plant 

height (172.4cm), total plants (16.4), total cobs 

(19.00), days to 50% silking (70.14), days to 50% 

tasseling (67.59), number of rows per cob (13.93), 

grains per row (28.31), yield per plant (189.0g), grain 

yield (3616 g) and total carotenoids 

contents(12.49ug/g) in spring season relative to autumn 

season (Table 3). Minimum (213.0g) and maximum 

(9840g) values were higher for GY of yellow maize in 

spring season. Quartiles including lower or 1st quartile 

(2341), median or 2nd quartile (3472), upper or 3rd 

quartile (4676) had higher value for GY of yellow 

maize germplasm in spring season. Interquartile range 

(IQR) depicted the range for central half of the data; 

IQR for GY of yellow germplasm showed higher value 

in spring season. Standard deviation of yellow maize 

germplasm in spring was higher for GY than autumn 

season. Range, quartiles, IQR and standard deviation 

are statistics of dispersion which proved that yellow 

maize germplasm showed more dispersion or 

variability in spring season for GY (Table 3). Summary 

statistics for all other parameters of yellow maize 

germplasm were presented in Table 2 highlighting the 

differences in germplasm across the seasons. Seasonal 

differences in maize performance were attributed to the 

differential adaptability of genotypes across the 

seasons. Seasonal differences showed that further 

genetic improvement can be made across seasons by 

selective breeding. Seasonal differences between 

Agaitti-2002 and Sadaf genotypes were also previously 

studied across autumn and spring seasons (Hussain et 

al., 2015). Hassan & Abdul (2011) also reported that 

yellow maize hybrids developed by maize and millet 

research institute (MMRI), Sahiwal, Pakistan had 

higher yield potential in spring season relative to 

autumn season in Punjab. 
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Summary statistics for dent and flint yellow maize 

germplasm were described for evaluation of performance 

based on studied traits maize genotypes. Yellow dent 

maize germplasm had higher mean performance for plant 

height (165.4cm), ear height (79.49cm), total plants 

(12.88), days to 50% tasseling (59.18), days to 50% 

silking (61.90), number of rows per cob (13.54), grains 

per row (28.27), yield per plant (157.8g) and grain yield 

(2538g) relative to yellow flint maize germplasm. Mean 

of total carotenoid contents was higher for yellow flint 

germplasm (13.29ug/g) than yellow dent maize 

germplasm. Minimum (1126g), maximum (5626g), lower 

quartile (1986), median (2383) and upper quartile (3026) 

had higher GY for yellow dent germplasm whereas, 

interquartile range (1161) and standard deviation (884.4) 

had higher values for yellow flint genotypes (Table 4). 

Other traits of yellow dent and yellow flint maize 

germplasm were also given in Table 4. These differences 

indicated that the yellow dent maize accessions were 

more adapted across autumn and spring seasons. Flint 

accessions were low yielding due to characteristics like 

early vigor and earliness whereas dent maize is reported 

to give higher economic yield (Soengas et al., 2003). 

Dickerson (2003b) also reported the high yielding 

potential of dent corn with key contribution of larger 

kernel size in Mexican germplasm. 

 

Principal component biplot analysis (PCA): Principal 
component biplot analysis was conducted for autumn and 
spring seasons separately for all studied traits. PCA biplot 
for autumn and spring season was depicting 91.12% (PC-1 
= 77.77%, PC-2 = 13.35%) and 92.02% (PC-1 = 60.7%, 
PC-2 = 31.4%) of total data variability respectively. 
Variable contribution of principal components in variability 
depicted the differences in the response of germplasm 
across the seasons. Differential contribution of principal 
components was previously reported by several researchers 
like Bano et al. (2015) reported 53.70%, Aslam et al. 
(2014), reported 78.01%, Maqbool et al. (2016)reported 
88.23%cumulative contribution of PC-1 and PC-2for 
different crops. Among subjected accessions, best or poor 
performing accessions were also isolated with PCA biplots. 
Accessions 3 (14965), 148 (19205), 15 (14982), 43 
(15019), 99 (15173), 98 (15172), 97 (15171), 110 (15194), 
112 (15205), 27 (24687), 93 (15163), 96 (15169), 107 
(15190) and 1 (906) were better performing whereas, 
accessions 132 (15322), 146 (19197), 136 (15342), 52 
(15061), 8 (14971), 49 (15056) and 31 (14870) were poor 
performing among autumn grown yellow maize genotypes 
(Fig. 1). Among spring grown yellow maize accessions, 
140 (15353), 141 (19175), 60 (15076), 133 (15328), 61 
(15077), 106 (15189), 113 (15207), 52 (15061) and 57 
(15071) proved as better performing and accessions 5 
(14967), 85 (15131), 77 (15109), 70 (15102), 76 (15108) 
and 93 (15163) were found poor performing (Fig. 2). 
Selection of genotypes under several environments, years 
and seasons were practiced by using PCA biplot for 
different crop plants (Bano et al., 2015; Aslam et al., 2014; 
Maqbool et al., 2015; Maqbool et al., 2016). 

PCA biplots for yellow dent and flint accessions was 

generated separately based on mean performance of 

germplasm across two seasons. PCA biplot for yellow dent 

and flint maize accessions was reflecting 94.35% (PC-1 = 

67.82%, PC-2 = 26.53%) and 93.89% (PC-1 = 60.36%, 

PC-2 = 33.53%) respectively of total variability (Figs. 3 

and 4). Differences in the genetic nature of yellow dent and 

yellow flint maize germplasm resulted in differential data 

transformation by principal components and differences in 

the contribution of principal components. Among yellow 

dent maize accessions, 57 (19175), 56 (15353), 45 (15207), 

39 (15187), 60 (19205), 37 (15185), 34 (15172), 44 

(15205), 46 (15227), 32 (15167), 41 (15190), 2 (14970), 3 

(14971) and 15 (15019) were better performing whereas, 

accessions 53 (15342), 55 (15350), 54 (15347), 7 (24679), 

22 (15073), 48 (15236), 28 (15160), 43 (15202) and 14 

(15016) were poor performing (Fig. 3). Scattering in PCA 

biplot showed the genetic diversity in yellow dent maize 

accessions based on average performance across autumn 

and spring seasons.  

Among yellow flint maize germplasm, accessions 3 

(14965), 48 (15102), 47 (15101), 54 (15109), 59 (15131), 

28 (15011), 69 (15218), 26 (14919), 68 (15192) and 28 

(15011) were better performing whereas, 5 (14967), 45 

(15099), 13 (14985), 35 (15068), 36 (15071), 41 (15081), 

90 (19208), 88 (19198) and 40 (15079) were poor 

performing for studied traits (Fig. 4). PCA biplot showed 

the genetic diversity in yellow flint maize accessions based 

on average performance across autumn and spring seasons. 

 

Stability coefficients: Selective stability coefficients viz., 

cultivar superiority index, static stability and Wricke's 

ecovalence were estimated for yellow maize germplasm 

with further partitioning into dent and flint accessions. 

Mean ranks for accessions were measured based on mean 

yield across two seasons and studied stability coefficients 

(cultivar superiority index, static stability and Wricke's 

ecovalence).Variances of the ranks from mean rank were 

also presented. All of 150 yellow maize accessions were 

subjected to estimation of stability coefficients; 25 most 

stable and high yielding genotypes were presented in 

Table 5. Accessions19175, 15353, 15187, 15328, 24688, 

15071, 15172, 15069, 15185, 15171, 15189, 19178, 

15343, 15258, 15077, 15105, 24677, 15186, 15173, 

15207, 14961, 15100, 24681, 15110, and 15190 were 

most stable among all studied accessions. Among these 

25 accessions, 16 accessions (19175, 15353, 15187, 

24688, 15172, 15069, 15185, 15189, 19178, 15258, 

15105, 24677, 15186, 15207, 24681, and 15190) were 

dent type and 9 (15328, 15071, 15171, 15343, 15077, 

15173, 14961, 15100 and 15110) were of flint type. These 

results showed that dent genotypes were more stable than 

flint types (Table 6). Accessions with lowest Pi values are 

attributed as most stable (Lin & Binns, 1988a). Accession 

stability estimation using Lin & Binns’ (1988a) cultivar 

superiority index and Eberhart & Russell (1966) 

parameters produced different results attributed to 

independent nature (zero correlation) of these parameters. 

Lin & Binns’ (1988b) genotypic superiority index, static 

stability and Wricke's ecovalence were previously used as 

independent indices for evaluation of genotypes. In 

present study we measured these indices separately and 

subjected them to find the average indices / ranks of 

accessions representing the contributory results from all 

of these three indices.  
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Fig. 1. PCA biplot analysis for yellow maize genotypes in 

autumn season. 

 
 
Fig. 2. PCA biplot analysis for yellow maize genotypes in spring 

season. 

 

 
 

Fig. 3. PCA biplot analysis for yellow dent maize genotypes. 

 
 

Fig. 4. PCA biplot analysis for yellow flint maize genotypes. 
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Fig. 5. GGE biplot for yellow maize germplasm across spring 

and autumn season. 

 
 
Fig. 6. GGE comparison biplot for yellow maize germplasm 

across spring and autumn season. 

 

 
 
Fig. 7. GGE scatter biplot for yellow flint maize germplasm 

across spring and autumn seasons. 

 
 
Fig. 8. GGE comparison biplot for yellow flint maize 

germplasm across spring and autumn seasons. 
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Fig. 9. GGE scatter biplot for yellow dent maize germplasm 

across spring and autumn seasons. 

 
 
Fig. 10. GGE comparison biplot for yellow dent maize 

germplasm across spring and autumn seasons. 

 

GGE biplot analysis: Yellow maize accessions were 

subjected to orthogonal test across autumn and spring 

seasons. Orthogonal testing is described as evaluation of 

all genotypes across concerned environments (Yan et al., 

2007).To study the genotype × season interaction between 

yellow maize accessions across two different seasons, 

scatter plots and comparison biplot for genotypes based 

on GGE biplot analysis were drawn for grain yield.GGE 

biplot for yellow maize accessions is based on yield 

performance across autumn and spring seasons and 

depicted total 100% variability (PC1 = 92.86%, PC 2 = 

7.14%) in data. Symbol +1 is representing autumn season 

and +2 is representing spring season (Fig. 5). 

Discrimination power and representativeness of 

environments were assessed with the help of average 

environment axis (Yan and Tinker, 2006). +1 (autumn) is 

located near the origin of biplot whereas, +2 (spring) is 

located farther away from origin. Farther away allocation 

showed that spring season has more discrimination power 

for evaluation of yellow maize accessions relative to 

autumn season (Fig. 5). Spring season proved to be more 

effective for selection of widely adapted yellow maize 

accessions because it is most discriminating and 

representativeness in nature. Spring season in Punjab, 

Pakistan is compared with temperate conditions harboring 

higher yield relative to autumn season which showed the 

features of tropical or subtropical conditions. 

Conclusively it is proved that spring season is more 

productive for maize in Punjab, Pakistan. Yousaf & 

Ashraf (2011) exploited the GGE biplot for evaluation of 

newly developed maize hybrids only for spring season 

across different locations like, Islamabad, Sahiwal, 

Lahore, Toba Tek Singh, Faisalabad, Jhang and Okara.  

Yellow maize accessions clustered close to origin 

were having stable yield performance across autumn and 

spring seasons. Average environment coordinate (AEC) 

representing the average performance and stability of 

genotypes (Yan & Kang, 2003). Theoretically ideal 

genotype is described as one which is located in the inner 

most concentric circle of genotypic comparison biplot and 

characterized as having high yield and most stable 

performance. Accession15353 (140) was exactly located 

in the inner most concentric circle of GGE biplot and 

described as theoretically ideal accession. Accessions 

15328 (133), 19175 (141), 15069 (56), 15077 (61), 15189 

(106), 15258 (125), 24688 (28), 15186 (104), 15100 (68), 

15105 (73), 14908 (35) and 15019 (43) were having 

higher mean grain yield and seasonal stability being 

closer to theoretically ideal accession. Accessions located 

on opposite side of the theoretically ideal accession i.e., 

14967 (5), 15089 (65), 14972 (9) and 15055 (48) were 

having lowest mean grain yield with higher stability (Fig. 

6). Yousaf & Ashraf (2011) found significant hybrid × 

location interaction and selected CKD933, ND6628 & 

NK7034 as best performing maize hybrids for spring 

season only. Seasonal differences were attributed to the 

differences in meteorological conditions and genetic 

adaptability of genotypes. 

Total 90 yellow flint maize accessions and 60 yellow 

dent accessions were subjected to GGE biplot analysis for 
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grain yield across autumn and spring seasons. GGE biplot 

depicting total 100% variability (for flint: PC1 = 95.03%, 

PC 2 = 4.97%; for dent: PC 1 = 88.72%, PC 2 = 11.28%) 

for grain yield. For flint and dent accessions, autumn 

season (+1) was least discriminating and spring (+2) was 

most discriminating and representative (Figs. 7 and 

9).Conclusively yellow dent maize accessions were more 

productive based on average yield performance across 

autumn and spring seasons. Flint and dent accessions 

clustered at origin were most stable with average grain 

yield. However, accession 81 (15328) among flint and 56 

(15353) among dent were most stable with higher grain 

yield. Among yellow flint accessions, 81 (15328), 46 

(15100), 20 (14864), 2 (14961), 55 (15110), 18 (24685), 

74 (15257), 24 (14917), 4 (14966), 1 (14959) and 

44(15089) were stable and high yielding whereas, 5 

(14967), 32 (15056),9 (14978), 59 (15131),7 (14973) and 

31 (15055) were stable but low yielding. Among yellow 

dent accessions, 56 (15353), 57 (19175), 21 (15069), 9 

(24688), 40 (15189), 38 (15186), 23 (15105), 45 (15207), 

6 (24677) and 31 (15164) were high yielding and stable in 

performance across seasons whereas, accessions, 48 

(15236), 7 (24679), 47 (15233), 5 (14984), 43 (15202)and 

30 (15163) were having lower yield with stable 

performance (Figs. 8 and 10).Yan and Kang, (2003); Yan 

et al. (2007); Khalil et al. (2011) and Maqbool et al. 

(2015) also used the GGE biplot for evaluation of 

different crops under different environments.  

 

Comparison of stability indices with GGE biplot: 

Stability coefficients and GGE biplots were compared for 

selection of high yielding and stable accessions. Tables 5 

& 6 showed that accessions were having different ranking 

scores for all of three selected stability indices i.e. cultivar 

superiority index, static stability and wricke's ecovalence. 

Mean ranks were generated from the individual ranks of 

cultivar superiority index, static stability and wricke's 

ecovalence. Comparative results showed that among 

selective 25 yellow maize accessions, 15328, 19175, 

15069, 15077, 15189, 15258, 24688, 15186, 15100 and 

15105 were selected as high yielding and stable by mean 

ranks of stability indices and GGE biplot. Finally it was 

proved that mean ranks of these stability indices and GGE 

bilot could be used as alternative stability analysis for 

genotypic selection across different seasons. Similarly 

Mohammadi et al. (2010) compared the results of GGE 

biplot with different stability estimates and found that 

GGE biplot, yield stability statistic (YSi) and yield-

regression statistic (Ybi) generated the similar results and 

could be used as substitutive biometrical tools. 
 

Conclusions 

 

Yellow maize accessions were significantly different 

in responses across autumn and spring seasons. Average 

response across autumn and spring seasons showed that 

dent and flint accessions were significantly different from 

each other. Spring season was more productive than 

autumn season. Yellow maize accessions were having 

higher yield in spring than autumn season. Yellow dent 

accessions were more productive than flint types. PCA 

biplot effectively highlighted the differences in yellow 

maize accessions across autumn and spring seasons and 

also in yellow dent and yellow flint accessions. Total 

carotenoid contents were higher in yellow flint maize. 

However, there is need to dissect the yellow dent and 

yellow flint maize for relative proportions of pro-vitamin 

A carotenoids among total carotenoid contents. Biological 

homeostasis in yellow maize accessions was studied by 

GGE biplot analysis, cultivar superiority index, static 

stability and wricke's ecovalence. Mean rank of three 

stability indices viz cultivar superiority index, static 

stability and wricke's ecovalence showed comparable 

results with GGE biplot analysis. Mean rank of these 

stability indices (static stability, cultivar superiority index 

and wricke's ecovalence) could be exploited as alternative 

to GGE biplot analysis. GGE biplot analysis and studied 

three stability indices anonymously showed that 

accessions15328, 19175, 15069, 15077, 15189, 15258, 

24688, 15186, 15100 and 15105 were most stable and 

high yielding across autumn and spring seasons.  
 

Acknowledgement  
 

We greatly acknowledge the Plant Genetic Resource 

Institute (PGRI), Islamabad particularly Dr. Saddar Uddin 

Siddique, Principal Scientific Officer, Plant Genetic 

Resource Institute (PGRI), National Agricultural 

Research Council (NARC), Islamabad, Pakistan for 

provision of yellow maize germplasm.  
 

References 

 
Abdullah, H.I.A. Khan and M. Munir. 2007. Effect of planting 

methods and herbicides on yield and yield components of 

maize. Pak. J. Weed Sci. Res., 13: 39-48. 

Akbar, M., S. Shakoo, A. Hussain and M. Sarwar. 2008. 

Evaluation of maize 3-way crossed through genetic 

variability, broad sense heritability, characters association 

and path analysis. J. Agric. Res., 46: 39-45. 

Anthony, A.O. 2014. Physical features of some selected nigerian 

maize cultivars. Amer. J. Plant Sci., 5: 1352-1358. 

Aslam, M., M. Zeeshan, M.A. Maqbool and B. Farid. 2014. 

Assessment of drought tolerance in maize (Zea mays L.) 

Genotypes at early growth stages by using principle 

component and biplot analysis. The Experiment, 29(1): 

1943-1951. 

Aslam, M., M.A. Maqbool, M. Yaseen and Q.U. Zaman. 2015. 

AMMI Biplot analysis for comparative evaluation of maize 

genotypes under different saline environments. Pak. J. 

Agric. Sci., 52(2): 339-347. 

Bano, S., M. Aslam, M. Saleem, S.M.A. Basra and K. Aziz. 

2015. Evaluation of maize accessions under low 

temperature stress atearly growth stages. J. Anim. Plant 

Sci., 25(2): 392-400. 

Dickerson, G.W. 2003a. Specialty corns. Cooperative Extension 

Service College of Agriculture and Home Economics. New 

Mexico State University, Mexico. 

Dickerson, G.W. 2003b. Nutritional Analysis of New Mexico 

Blue Corn and Dent Corn Kernels. Cooperative Extension 

Service College of Agriculture and Home Economics. New 

Mexico State University, Mexico. 

Eberhart, S.A. and W.A. Russell. 1966. Stability parameters for 

comparing varieties. Crop Sci., 6: 36-40. 

Federer, W.T. and D. Raghavarao. 1975. On Augmented 

Designs. Biometrics. 31: 29-35. 

Finlay, K.W. and G.N. Wilkinson. 1963. Adaptation in a plant 

breeding programme. Aust. J. Agric. Res., 14: 742-754. 



MUHAMMAD AMIR MAQBOOL ET AL., 2418 

Fox, P., B. Skovmand, B. Thompson, H.J. Braun and R. 

Cormier. 1990. Yield and adaptation of hexaploid spring 

triticale. Euphytica. 47: 57-64. 

Francis, T.R. and L.W. Kannenberg. 1978. Yield stability 

studies in short-season maize. I. A descriptive method for 

grouping genotypes. Can. J. Plant Sci., 58: 1029-1034. 

Hassan, S.I. and H. Abdul. 2011. Assessment of promising 

maize single crosses in twoseasonal regimes. In: P.H. Zaidi, 

R. Babu, J. Cairns, D. Jeffers, L.Q. Kha, G.K. Krishna, V. 

Krishna, A. McDonald, G. Ortiz-Ferrara, N. Palacios, K. 

Pixley, B.M. Prasanna, Z. Rashid, T. Tefera, T.P. Tiwari, 

M.T. Vinayan, V. Vengadessan, F. Xingming, Y. Xu, C. 

Weidong, S. Zhang and B.S. Vivek. 2011. Addressing 

climate change effects and meeting maize demand for Asia. 

Book of Extended Summaries of the 11th Asian Maze 

Conference, Nanning, China, 7-11 November 2011. 

CIMMYT, Mexico, D.F. 

Hopkins, A.A., K.P. Vogel, K.J. Moore, K.D. Johnson and I.T. 

Carlson. 1995. Genotype effects and genotype by 

environment interactions for traits of elite switch grass 

populations. Crop Sci., 35: 125-132. 

Huehn, M. 1990. Nonparametric Measures of Phenotypic 

Stability. Part 1. Theory. Euphytica, 47: 189-194. 

Hussain, I., R. Rasheed, S. Mahmood, A. Parveen, Islam-ud-Din 

and A. Wahid. 2015. Seasonal variations in growth and 

nutrients of two maize varieties under glasshouse generated 

heat stress. Int. J. Agric. Biol., 17: 233-240. 

Ignatius, U.O. 1989. Maize: It’s Agronomy, Diseases, Pest and 

Food values. Intec. Printer Limited, Enugu. 3-163. 

Ijaz-ul-Hassan, S., M. Tariq and N. Islam. 2011. Performance 

evaluation of promising yellow maize hybrids in distinct 

agro-ecological domains of central Punjab, Pakistan. J. 

Agric. Soc. Sci., 7: 143-146. 

Khalil, I.A., H. Rahman, N.U. Rehman, M. Arif, I.H. Khalil, M. 

Iqbal, H. Ullah, K. Afridi, M. Sajjad and M. Ishaq. 2011. 

Evaluation of maize hybrids for grain yield stability in 

north-west of Pakistan. Sarhad J. Agric., 27(2): 213-218. 

Lin, C.S. and M.R. Binns. 1988a. A method of analyzing 

cultivar × location × year experiments: A new stability 

parameter. Theor. Appl. Genet., 76: 425-430.  

Lin, C.S. and M.R. Binns. 1988b. A superiority measure of 

cultivar performance for cultivar x location data. Can. J. 

Plant Sci., 68: 193-198. 

Lin, C.S., M.R. Binns and L.P. Lefkovitch. 1986. Stability 

analysis: where do we stand?, Crop Sci., 26: 894-900. 

Maqbool, M.A., M. Aslam, H. Ali and T.M. Shah. 2016. 

Evaluation of advanced chickpea (Cicer arietinum L.) 

accessions based on drought tolerance indices and SSR 

markers against different water treatments. Pak. J. Bot., 

48(4): 1421-1429. 

Maqbool, M.A., M. Aslam, H. Ali, T.M. Shah and B.M. Atta. 

2015. GGE biplot analysis based selection of superior 

chickpea (Cicer arietinum L.) inbred lines under variable 

water environments. Pak. J. Bot., 47(5): 1901-1908. 

Maqbool, M.A., M. Aslam, H. Ali, T.M. Shah, B. Farid and 

Q.U. Zaman. 2015. Drought tolerance indices based 

evaluation of chickpea advanced lines under different water 

treatments. Res. Crops, 16: 336-344. 

Mohammadi, R., R. Haghparast, A. Amri and S. Ceccarelli. 

2010. Yield stability of rainfed durum wheat and GGE 

biplot analysis of multi-environment trials. Crop Pasture 

Sci., 61: 92-101. 

Nassar, R. and M. Huehn. 1987. Studies on estimation of 

phenotypic stability: Tests of significance for 

nonparametric measures of phenotypic stability. Biometric, 

43: 43-53. 

Rasheed, M., W.M. Bhutta, M. Anwar-ul-Haq and A. Ghaffar. 

2004b. Genotypic response of maize hybrids to NP 

applications. Int. J. Agric. Biol., 6: 721-722. 

Rasheed, M.H., T. Ali and Mahmood. 2004a. Impact of nitrogen 

and sulfur application on growth and yield of maize (Zea 

mays L.) crop. J. Res. Sci., 15: 153-157. 

Rodriguez-Amaya, B.D. and M. Kimura. 2004. Harvest Plus 

Hand-book for Carotenoid Analysis, HarvestPlus Technical 

Mono-graph 2, Washington, DC and Cali: International 

Food Policy Research Institute (IFPRI) and International 

Center for Tropical Agriculture (CIAT). 

http://www.harvestplus.org/sites/default/files/tech02.pdf. 

Shukla, G. 1972. Some Statistical Aspects of Partitioning 

Genotype Environmental Components of Variability. 

Hered., 29: 237-245. 

Sobukola, O.P., O.E. Kajihausa, V.I. Onwuka and T.A. Esan. 

2013. Physical properties of high quality maize (Swam 1 

Variety) seeds (Zea mays) as affected by moisture levels. 

Afr. J. Food Sci., 7: 1-8. 

Soengas, P., B. Ordas, R.A. Malvar, P. Revilla and A. Ordas. 

2003. Performance of flint maize in crosses with testers 

from different heterotic groups. Maydica, 48: 85-91. 

Subhan, F., N. Din, A. Azim and Z. Shah. 2007. Response of 

maize crop to various herbicides. Pak. J. Weed Sci. Res., 

13:9-15. 

Tabassum, M.I., M. Saleem, M. Akbar, M.Y. Ashraf and N. 

Mahmood. 2007. Combining ability studies in maize under 

normal and water stress conditions. J. Agric. Res., 45: 261-268. 

Tai, G.C.C. 1971. Genotypic stability analysis and its 

application to potato regional trials. Crop Sci., 11: 184-190. 

Thennarasu, K. 1995. On certain non-parametric procedures for 

studying genotype environment interactions and yield 

stability. Ph.D., PJ School IARI, New Delhi, India. 

Wricke, G. 1962. On a method of understanding the biological 

diversity in field research. Z. Pfl-Zucht., 47: 92-146.  

Yan, W. and M.S. Kang. 2003. GGE Biplot Analysis: A 

graphical tool for breeders, geneticists and agronomists. 

CRC Press, Boca Raton, FL. 

Yan, W. and N.A. Tinker. 2006. Biplot analysis of multi-

environment trial data; principles and application. Can. J. 

Plant Sci., 86: 623-645. 

Yan, W., M.S. Kang, B. Ma, S. Wood and P.L. Cornelius. 2007. 

GGE biplot vs. AMMI analysis of genotype-by-

environment data. Crop Sci., 47:643-655. 

Yousaf, M. and M. Ashraf. 2011. Identification of superior 

maize hybrids for grain yield in spring season over target 

region of Pakistan based on GGE biplot. In: P.H. Zaidi, R. 

Babu, J. Cairns, D. Jeffers, L.Q. Kha, G.K. Krishna, V. 

Krishna, A. McDonald, G. Ortiz-Ferrara, N. Palacios, K. 

Pixley, B.M. Prasanna, Z.Rashid, T. Tefera, T.P. Tiwari, 

M.T. Vinayan, V. Vengadessan, F. Xingming, Y. Xu, C. 

Weidong, S. Zhang and B.S. Vivek. 2011. Addressing 

Climate Change Effects and Meeting Maize Demand for 

Asia. Book of Extended Summaries of the 11thAsian Maze 

Conference, Nanning, China, 7-11 November 2011. 

CIMMYT, Mexico, D.F. 

Yue, G.L., K.L. Roozeboom, W.T. Jr Schapaugh and G.H. 

Liang. 1997. Evaluation of soybean cultivars using 

parametric and nonparametric stability estimates.  Plant 

Breed., 116: 271-275. 

Zobel, R.W., M.J. Wright and H.G Gauch. 1998. Statistical 

analysis of a yield trial. Agron. J., 80: 388-39. 

 

(Received for publication 4 December 2016) 

http://www.harvestplus.org/sites/default/files/tech02.pdf

