
 

 

 

INTRODUCTION 

 

Maize is indigenous to western hemisphere, originating in 

Mexico. Almost 300 different races of maize are reported 
from Mexico, Caribbean and South & Central America. After 

discovery, maize quickly moved from center of origin to 

Europe, Africa and Asia (Brown et al., 1985). Asian origin of 

the maize is reported from the foothills of the Himalayas 

(Dhawan, 1964). This primitive type of maize is called as 

Sikkim Primitive 1 and Sikkim Primitive 2. These are also 

known as living fossils of ancient maize (Dhawan, 1964). 

Maize is subjected to exclusive evolutionary changes and 

adapted to the wide range of territories. Large number of 

biotypes evolved which can be grown from sea level to 12,000 

feet altitude, from tropics to the North Temperate Zone, and 

extending growing periods from 6 weeks to 13 months 
(Brown et al., 1985).  

White and yellow maize are two commonly grown 

phenotypes. Recently it is observed that white maize is being 

replaced with yellow maize in different parts of the world, due 

to higher associated profitability with yellow maize (Mejia 

and Peel, 2009). It is reported that higher productivity of 

yellow maize is associated with higher responses to input 

applications like, fertilizers and irrigation water (Mejia and 

Peel, 2009). Demand for yellow maize increased many folds 

because of its uses for human food, bioenergy, biofortification 

and animal feed. White corn has pure white kernel which is 
dry milled to make flour. White corn is also used for starch, 

paper production and making snack foods. Relative 

consumption of white and yellow maize is dependent on 

several factors like market price, nutritional importance and 

traditional norms. Nutritional importance is the key factor 

which can alter the consumer’s preferences (Muzhingi et al., 

2008).  

Asian countries like China, India, Pakistan, Indonesia, Nepal, 

Thailand, Philippine and Vietnam are collectively producing 

the 98% of Asian maize and 26% of global maize (Erenstein, 

2010). Area, production and yield of maize are continuously 

increasing in the Asian countries (Abbas et al., 2017; Zulfiqar 
et al., 2017). Per annum growth in area, yield and production 

of maize in Pakistan is 1.5, 2.2 and 3.7%, respectively since 

1968 which is one of the highest among Asian countries 

(USDA-FAS, 2008). In Pakistan, maize is ranked at top as 

cereal and grown twice a year i.e. spring and kharif. The area 

under maize cultivation is increasing in the country due to 

shorter crop duration, two cropping seasons per year, higher 
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Maize (Zea mays L.) is short duration, high yielding crop, and it can be grown in both spring and kharif seasons in Pakistan. 

In current study white and yellow maize germplasms were compared for correlations and genetic variability based on different 

agronomic traits to define selection criteria for maize improvement. Significant differences were observed for yield and related 

components for entries, checks, all tested genotypes, yellow and white germplasm. Yellow maize genotypes showed higher 

yield potential compared to white maize genotypes because of more grains per row and number of rows per cob. Based on 

correlation and path coefficient analysis, yield per plant was proved as appropriate selection criteria for white maize whereas, 

yield per plant and grains per row were suitable selection criteria for genetic improvement of yellow maize. Total carotenoid 
contents of yellow maize were independent of the yield so, both can be simultaneously targeted for genetic improvement 

without paying yield penalty. However, further dissection of genetic variability in yellow maize germplasm based on pro-

vitamin A carotenoids is prerequisite. So, far as genotypes, 19189, 15159, 19201, 15018, 15216, 15170, 15155, 19196, 15318 

and 19174 among white maize germplasm whereas, 14965, 14982, 19205, 15019, 14971, 15163, 15205, 24687, 15207 and 

15194 among yellow maize germplasm were the potential high yielding genotypes. Findings of the study in terms of selection 

criteria and potential maize genotypes could be useful in different breeding programs for genetic improvement of maize.  
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market price, high net revenue, high indigenous consumption 

and high industrial demand compared to other cereal crops. 

Still there is huge gap in potential yield compared to maize 

yield in developing countries, which could be filled through 

genetic manipulations. Genetic improvements attained in the 
tropical and subtropical maize germplasm are extensively 

lower than temperate regions (Badu-Apraku et al., 2010, 

2011). Therefore for improving the maize genotypes for 

higher potential and increasing the variety turnover, repeated 

selections in maize germplasm for genetic improvement in 

topics and subtropics is required. So, exploration of local 

maize germplasm for estimation of yield potential, selection 

criteria and potential candidate genotypes is important to 

provide first-hand information for establishment of strong 

maize breeding program in the country.  

 

MATERIALS AND METHODS 

 

Maize germplasm used in current study was collected from 

Plant Genetic Resource Institutes (PGRI), National 

Agricultural Research Center (NARC), Islamabad, Pakistan. 

PGRI collected this germplasm across the country including; 

Balochistan (Kalat, Ziarat, Sibi, Qila Abdullah, Pishin, 

Chagai, Qila Saifullah, Loralai, Quetta, Mastung, Panjgur), 

Punjab (Narowal, Bahawalpur, Rawalpindi, Sheikhupura, 

Gujranwala, Sialkot, Attock, Faisalabad, Khushab, 

Muzaffargarh, Okara, Sahiwal), Khyber Pakhtunkhwa 

(Malakand, Swat, Mansehra, Parachinar, Kohat, Hangu, Dir, 
Chitral, Batgram, Haripur, Abbotabad), Azad Jammu & 

Kashmir (Rawalakot, Muzaffarabad, Punch, Bagh, Kotli) and 

Gilgit-Baltistan. Germplasm comprised of 350 genotypes 

including white and yellow maize accessions. 

Experimental conditions: The present study was conducted 

in research area of Department of Plant Breeding and 

Genetics, University of Agriculture Faisalabad, Punjab, 

Pakistan during Autumn-2015 (30-July-2015 to 26-

November-2015) by following augmented layout design. The 

layout for field was generated using CIMMYT-FIELDBOOK 

Software. Experimental site was situated at latitude of 

31.43°N, longitude of 73.1°E, and elevation is 184.5 m from 
sea level. Meteorological conditions of the subjected season 

were given in Figure 1. Four commercially grown maize 

genotypes were used as local checks which were repeated 

seven times whereas; all other subjected genotypes were sown 

without repetition. Sowing was done on 4 m long rows which 

were 75 cm apart from the adjacent rows and plant to plant 

distance was 20 cm. Sowing was done manually on the ridges 

after irrigation. All the standard management practices were 

followed from sowing to harvesting of crop.  

Data collection: Data were collected for days to 50% silking 

(DS), days to 50% tasseling (DT), anthesis silking interval 
(ASI), plant height (cm; PH), ear height (cm; EH), root 

lodging (RL), stem lodging (SL), grains per row (GPR), 

number of rows per cob (NRPC), yield per plant (YPP; g), 

grain yield (GY; g) and total carotenoid contents (TCC; µg/g). 

Harvested cobs of all genotypes were kept in glasshouse to 

dry down to 14% moisture as different genotypes have 

different moisture contents at harvesting. Moisture percentage 

was estimated with the help of moisture meter (mini GAC® 
moisture tester). After equating the moisture contents, yield 

per genotype was measured. Total carotenoid contents (TCC) 

were also targeted for germplasm evaluation. TCC were 

determined spectrophotometrically using protocol described 

by Rodriguez-Amaya and Kimura, (2004). Reading was noted 

focusing spectrophotometric absorbance at 450 nm. TCC 

were calculated using following formula Rodriguez-Amaya 

and Kimura (2004). 

Total carotenoid contents (µg/g) =  

Whereas, A(total): absorbance, volume: total volume of extract 

(25ml), : absorption coefficient of 2500. 

 

 
Figure 1. Temperature and precipitation record of 

research area during Autumn-2015. 

 

Statistical analysis: Data of studied traits were analyzed for 

analysis of variance for augmented field design (Federer and 

Raghavarao, 1975). Data were subjected to summary statistics 

by using STAD-R Ver1.0 software (developed by Biometrics 
and Statistics Unit, CIMMYT). Correlation coefficients were 

estimated using Statistix9.1 Software. Dissection of 

correlation into direct and indirect effects was done by path 

coefficient analysis (Wright, 1921; Dewey and Lu, 1957). 

Principal component biplot was used for graphical display of 

genetic variability in yellow and white maize germplasm. 

Briefly principal component analysis (PCA) is multivariate 

analysis used for reduction of dimensionality in multivariate 

data and to transform the correlated variables into 

unassociated components. Objective of dimension reduction 

is obtained when few principal components (particularly PC1 
and PC2) contribute most of variability (70.00%-80.00%) in 

data (Everitt and Dunn, 1992; Gabriel, 1971). Biplot is 
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graphical depiction of principal components using X-axis and 

Y-axis (Everitt and Dunn, 1992; Gabriel, 1971).  

 

RESULTS 

 
Initially germplasm comprised of 175 white and 175 yellow 

genotypes at the time of sowing. Total 50 genotypes failed to 

produce productive cobs due to lack of germination, poor 

vigor, abnormal cob growth or due to miscellaneous losses. 

Among these non-productive genotypes, 25 belong to white 

germplasm and 25 belong to yellow maize germplasm. These 

50 genotypes were eliminated from the data and further 

statistical inferences were made only on the basis of 

productive genotypes. 
Blocking was proved effective measure as blocks were 

significantly different for all studied traits except stem 

lodging (Table 1). Entries (checks and tested genotypes) were 
significantly different for stem lodging, plant height, ear 

height, number of rows per cob, grains per row, days to 50% 

silking, days to 50% tasseling, anthesis silking interval, total 

carotenoid contents, yield per plant and grain yield. 

Genotypes used as local checks showed significant 

differences from other entries based on yield and its 

components except for root and stem lodging. Treatment 

genotypes were observed significantly different from other 

entries for all studied traits except root lodging. Genotypes 

grouped as treatment genotypes and check genotypes showed 

high level of differences among each other based on studied 

traits (Table 1).  
Findings based on seed color explained that yellow genotypes 

were significantly different from each other for plant height, 

ear height, number of row per cob, grains per row, days to 

50% silking, days to 50% tasseling, total carotenoid contents, 

yield per plant and grain yield. Whereas white genotypes were 

non-significantly different from each other for root lodging, 

total carotenoid contents and anthesis silking interval. 

Comparison between yellow and white genotypes exhibited 

significant differences based on all studied traits except root 

lodging (Table 1).  

Standard error of difference between check means (SEd1), 

between any two means of test genotypes (SEd2), between 
any two entries of the same block (SEd3) and between means 

of test and check genotypes (SEd4) were given in Table 2 

indicating different patterns of variation. Standard error of 

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), difference between an adjusted 

Table 1. Mean squares for yield and related components of maize genotypes. 
SOV Df RL SL PH EH DT DS ASI NRPC GPR TCC YPP GY 

Blocks (B) 6 12** 0.18 20385** 7184** 39** 99** 6** 23** 2059** 263** 22304** 1730768** 

Entries (E) 353 2 0.47** 4492** 1210** 36** 11** 5* 29** 196** 58** 5417** 1577452** 

Checks (C) 3 3 0.09 711** 761** 31** 35** 6** 15** 15** 56** 14071** 5628825** 

Varieties (V) 349 2 0.47** 4505** 1207** 37** 11** 6* 27** 163** 53** 3835** 211652* 

Cvs V 1 16** 0.91** 11261** 3614** 58 146** 16** 772** 12208** 1783** 531563** 466087556** 

Yellow (Y) 174 2 0.17 4718** 1191** 39** 12** 3 26** 182** 55** 5289* 236485* 

White (W) 174 2 0.69** 4104** 1177** 34** 9** 2 25** 137** 0 2016* 178794* 

Y vs W 1 4 12** 37190** 9013** 193** 196** 5* 682** 1420** 9027** 71709** 1607988** 

Error 18 1 0.12 16 54 1.5 1 1 1 1 1 1113 109341 

Significance at 5% level of significance = *, Significance at 1% level of significance = **, Where, RL: root lodging, SL: shoot lodging, 

PH: plant height (cm), EH: ear height (cm), NRPC: number of grain rows per cob, GPR: number of grains per row, DT: days to 50% 
tasseling, DS: days to 50% silking, ASI: anthesis silking interval, TCC: total carotenoid contents, YPP: yield per plant, GY: grain yield. 

 

Table 2. Standard errors for various mean comparisons.  

 PH EH RL SL DT DS ASI NRPC GPR YPP GY TCC 

SEd1 0.8 1.5 0.24 0.07 0.13 0.20 0.25 0.23 0.22   6.74   66.80 0.19 
SEd2  5.6 10.4 1.68 0.49 0.93 1.42 1.73 1.58 1.52 47.19 467.63 1.32 

SEd3  6.3 11.7 1.87 0.55 1.04 1.59 1.93 1.77 1.70 52.76 522.83 1.47 

SEd4  4.7 8.8 1.42 0.42 0.79 1.20 1.46 1.34 1.29 39.88 395.22 1.12 

Sc 2.2 3.9 0.63 0.19 0.35 0.54 0.65 0.60 0.58 17.84 176.75 0.50 

Sb 5.6 10.4 1.68 0.50 0.93 1.42 1.73 1.58 1.52 47.19 467.63 1.32 

Sv 6.3 11.7 1.87 0.55 1.04 1.59 1.93 1.77 1.70 52.76 522.83 1.47 

Svc 4.7 8.8 1.42 0.42 0.79 1.20 1.46 1.34 1.29 39.88 395.22 1.11 

LSI 8.6 15.9 2.57 0.76 1.43 2.18 2.65 2.42 2.33 72.27 716.14 2.01 
Abbreviations: SEd1: standard error of difference between check means,SEd2: standard error of difference between any two means of 
test varieties (accessions), SEd3: standard error of difference between any two entries of the same block, SEd4: standard error of 
difference between means of test and check varieties, Sc: Difference between check means, Sb: Difference between adjusted yields of 
two selection means in the same block, Sv: Difference between adjusted yields of two selection means in different blocks, Svc: Difference 
between an adjusted selection yield and a check mean, LSI: leas significant increase 
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selection yield and a check mean (Svc), least significant 

increase (LSI) were also estimated for between and within 

mean comparison of blocks, entries, checks and test 

genotypes (Table 2).  

Summary statistics: Summary statistics including means, 
minimum value, maximum value and standard deviation for 

yellow and white genotypes was given in Table 3. Yellow 

genotypes have minimum 6 and maximum 22 number of rows 

per cob. Yellow genotypes had minimum 6 and maximum 52 

grains per row whereas, white germplasm has 4 to 42 grains 

per row. Days to 50% tasseling and days to 50% silking were 

same for both types. Days to 50% tasseling ranged from 41 to 

56 days. Maximum days to 50% silking were same in yellow 

and white genotypes (59.00 days after sowing). Anthesis 

silking interval (ASI) ranged from 0 to 6 days for white 

germplasm and -2 to 8 for yellow germplasm. Total 

carotenoid contents (TCC) were exclusively missing in white 
genotypes and yellow maize genotypes had 3.00 to 33.00 µg/g 

TCC. Highest yield per plant for yellow maize genotypes was 

470.0 g and in case of white genotypes it was 283.0 g. 

Minimum grain yield was same for both white and yellow 

germplasm (6.0 g) whereas, maximum yield for white 

genotypes was about 1900.0 g and for yellow genotypes was 

2690.0 g (Table 3).  

Table 3. Summary statistics for different traits of white and yellow maize. 
 Days to 50% 

silking 
Days to 50% 

tasseling 
Anthesis silking 

interval 
Plant height (cm) Ear height (cm) Root Lodging 

 White Yellow White Yellow White Yellow White Yellow White Yellow White Yellow 

Min 44.00 43.00 41.00 41.00 0.00 -2.00 45.00 66.00 20.00 25.00 0.00 0.00 
Mean 52.90 52.84 50.19 49.99 2.68 2.85 180.78 173.12 85.31 81.30 1.47 1.23 
Max 59.00 59.00 56.00 56.00 6.00 8.00 249.00 248.00 152.0 151.00 8.00 7.00 
Standard 
deviation 

3.44 3.24 3.62 3.13 1.40 1.57 31.11 36.55 23.24 24.64 1.46 1.40 

 Shoot lodging Number of grain 
rows per cob 

Number of grains 
per row 

Total carotenoid 
contents 

Yield per plant Gield yield 

Min 0.00 0.00 4.00 6.00 4.00 6.00 -- 2.53 4.00 6.00 16.00 6.00 
Mean 0.66 0.30 11.50 12.81 17.65 22.12 -- 12.07 56.80 87.25 526.21 643.66 
Max 6.00 4.00 18.00 22.00 51.00 52.00 -- 32.67 270.00 470.00 1920.00 2690.0 
Standard 
deviation 

1.10 0.60 2.53 2.47 10.14 11.77 -- 6.34 42.11 70.67 403.01 476.99 

 
Table 4. Correlation coefficients for yield and associated components for white and yellow maize genotypes. 

  Type RL SL DT DS ASI PH EH NRPC GPR YPP GY 

RL White  1.00                     
Yellow 1.00 

         
 

SL White  -0.03 1.00                   
Yellow 0.01 1.00 

        
 

DT White  -0.15* 0.23** 1.00                 
Yellow -0.03 -0.09 1.00 

       
 

DS White  -0.21** 0.20** 0.93** 1.00               
Yellow 0.02 -0.08 0.88** 1.00 

      
 

ASI White  -0.12 -0.11 -0.32** 0.06 1.00             
Yellow 0.10 0.00 -0.18** 0.31** 1.00 

     
 

PH White  -0.15 0.36** 0.02 0.03 0.03 1.00           
Yellow 0.13 0.08 -0.09 -0.05 0.08 1.00 

    
 

EH White  -0.09 0.39** 0.07 0.04 -0.08 0.76** 1.00         
Yellow 0.21** 0.09 -0.06 00.00 0.12 0.82** 1.00 

   
 

NRPC White  -0.05 -0.18** -0.01 -0.01 0.00 0.18** 0.13 1.00       
Yellow -0.08 -0.22** -0.06 -0.06 0.00 -0.07 -0.13 1.00 

  
 

GPR White  0.00 0.17** -0.03 -0.03 0.00 0.14** 0.08 0.02 1.00     
Yellow -0.20** 0.04 -0.16* -0.14 -0.03 0.20** 0.06 0.23** 1.00 

 
 

YPP White  -0.16 -0.03 0.06 0.06 0.00 0.03 0.05 0.07 0.47** 1.00   
Yellow -0.23** -0.06 -0.07 -0.09 0.04 0.00 -0.10 0.25** 0.39** 1.00  

GY White  -0.03 0.27** 0.06 0.05 -0.04 0.41** 0.46** 0.15* 0.52** 0.59**   
Yellow -0.06 -0.04 -0.10 -0.14 0.08 0.43** 0.35** 0.23** 0.49** 0.58**  

TCC White -- -- -- -- -- -- -- -- -- -- --  
Yellow 0.00 -0.12 0.08 0.10 -0.02 -0.23** -0.21** 0.21** -0.08 0.21* -0.02 

Where, RL: root lodging, SL: shoot lodging, PH: plant height (cm), EH: ear height (cm), NRPC: number of grain rows per cob, GPR: 
number of grains per row, DT: days to 50% tasseling, DS: days to 50% silking, ASI: anthesis silking interval, TCC: total carotenoid 
contents, YPP: yield per plant, GY: grain yield. 
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Correlation Coefficient Analysis: 

White maize germplasm: Correlation coefficients were 

estimated to access the association of subjected traits and to 

define most appropriate selection criteria. Correlation 

analysis was carried out separately for yellow and white 
germplasm. Days to 50% silking had strong positive 

correlation with days to 50% tasseling. Plant height showed 

strong positive correlation with ear height. Yield per plant 

exhibited highly stronger positive correlation with grains per 

row rather than number of rows per cob. Grain yield has 

highly positive correlation with plant height, ear height, 

number of rows per cob, grains per row and yield per plant 

(Table 4). Absence of correlation between days to 50% 

silking and days to 50% tasseling with grain yield (Table 4) 

showed that vegetative growth period is least decisive for 

defining yield potential and presumed that post-pollination 

growth stages were more effective for defining the yield 
potential.  

Yellow maize germplasm: ASI has positive correlation with 

days to 50% silking. Ear height was positively correlated with 

plant height. Number of rows per cob was positively 

correlated with yield per plant, grains per row and total 

carotenoid contents. Days to 50% silking and days to 50% 

tasseling have strong positive correlation. Total carotenoid 

contents were positively correlated with yield per plant but 

had no correlation with grain yield which showed that total 

carotenoid contents were independent of grain yield. Yield 

per plant was positively correlated with grains per row. Grain 
yield was positively correlated with ear height, plant height, 

number of rows per cob, yield per plant and grains per row. 

Days to 50% tasseling and days to 50% silking were 

negatively correlated with grains per row and grain yield 

(Table 4).  

Path coefficient analysis: Correlation coefficients were 

partitioned into their direct and indirect effects for further 

exploration of linkage of yield with other components. All the 

traits under study showed direct effects on the yield either 

positively or negatively.  

White germplasm: Days to 50% tasseling and ASI had highly 

negative direct effect on grain yield. Days to 50% silking 
exerted highly positive direct effects on grain yield. Days to 

50% tasseling had positive indirect effect on yield via ASI. 

Grains per row showed indirect positive effect on yield via 

yield per plant (Fig. 2).  

Yellow germplasm: ASI, days to 50% tasseling, yield per 

plant and grains per row exerted positive direct effect on 

yield. Days to 50% silking posed highly negative direct effect 

on the yield of yellow maize germplasm. Days to 50% silking 

exerted positive indirect effect on yield via grains per row. 

Yield per plant showed highly positive indirect effect on the 

yield through grains per row (Fig. 3).  

 
Figure 2. Path diagram showing direct and indirect effects 

of different yield components on yield of white 

maize germplasm.  

 

 
Figure 3. Path diagram showing direct and indirect effects 

of different yield components on yield of yellow 

maize germplasm.  
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Principal component biplot: Principal component biplots 

were developed for white and yellow maize germplasm 

separately to figure out the genetic variability in respective 

germplasm. Genotypes scattered across the origin of graph 

were having average performance for subjected traits. 
Genotypes dispersed away from origin in the direction of the 

vector arrow were indicators of having higher mean values 

whereas genotypes located far from origin opposite to arrow 

were having poor performance for subjected traits. PCA 

biplot graph for white maize germplasm is depicting the 

90.72% (PC-1: 55.61% and PC-2: 35.11%) of total genetic 

variability in raw data. Names of genotypes are mentioned 

according to the accession numbers allotted by Plant Genetic 

Resource Institute (PGRI), NARC, Islamabad, Pakistan. 

Accession numbers were given in parenthesis. Among white 

maize genotypes, 142 (19189), 86 (15159), 149 (19201), 25 

(15018), 89 (15216), 87 (15170), 83 (15155), 147 (19196), 
116 (15318), 131 (19174), 97 (15263), 113 (15284), 93 

(15227), 120 (15327), 130 (15355), 64 (15125) and 112 

(15282) showed superior performance for subjected yield 

components. Whereas, genotypes 96 (15260), 54 (15092), 46 

(15063), 110 (15280), 143 (19190), 70 (15137), 2 (14976), 12 

(24680) and 42 (15051) performed poorly (lower mean 

values) for subjected traits among white maize germplasm 

(Fig 4).  

 

 
Figure 4. Principal component biplot for white maize 

germplasm. 

PCA biplot results for yellow maize germplasm represented 

95.11% (PC-1: 70.27% and PC-2: 24.84%) of total variability 

in raw data. Among yellow maize genotypes, 3 (14965), 15 

(14982), 148 (19205), 43 (15019), 8 (14971), 93 (15163), 112 

(15205), 27 (24687), 113 (15207), 110 (15194), 107 (15190), 
96 (15169), 99 (15173), 98 (15172), 105 (15187), 103 

(15185), 117 (15226), 97 (15171), 73 (15105), 141 (19175), 

142 (19178), 52 (15061), 23 (24679), 83 (15128) and 140 

(15353) were better performers for subjected yield 

components. However, genotypes 41 (15011), 33 (14882), 59 

(15075), 55 (15068), 54 (15067), 132 (15322), 146 (19197), 

4 (14966), 90 (15153), 37 (14917), 9 (14972), 10 (14973), 118 

(15229) and 19 (14990) were proved poor performers among 

yellow maize germplasm based on subjected yield 

components (Fig 5). 

 

 
Figure 5. Principal component biplot for yellow maize 

germplasm. 

 

DISCUSSION 

 

Comparison of yield potential: Presence of genetic variability 
in any available germplasm at allelic level is a basic 

prerequisite for genetic improvement. Available information 

about nature and magnitude of genetic variability guide the 

breeders to chalk out breeding programs for genetic 

improvement. Evaluation of maize germplasm under 

augmented design revealed the significant differences among 

accessions for the subjected yield and yield components. 
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Entries, checks and tested genotypes were significantly 

different for all of the studied traits except root lodging. 

Entries include checks and tested varieties. Contrast analysis 

between checks and tested varieties showed the significant 

differences among tested varieties comprised of both yellow 
and white genotypes. Contrasts were generated for 

comparison of yellow and white germplasm which showed 

that yellow and white germplasm were significantly different 

from each other. Nzuve et al. (2014) and Shakoor et al. (2007) 

also reported the significant genetic variability in tropical 

maize germplasm for yield and yield components. 

Summary statistics showed that yield per plant and grain yield 

of the yellow genotypes was higher than white genotypes. 

Higher yield of yellow maize germplasm is attributed to more 

number of grains per row and number of grain rows per cob. 

It was reported in literature that higher yield of the yellow 

maize genotypes may be associated with higher input 
application and more sophisticated management practices 

(Mejia and Peel, 2009). However, in current study, both white 

and yellow maize genotypes were subjected to the same level 

of inputs, management practices and nutrient supplements. 

Therefore, higher yield of yellow maize genotypes showed 

that yellow germplasm has higher yield potential. For 

combating the food security problem, provitamin A 

malnutrition, and fulfilling the requirements of exploding 

poultry industry in the country there is dire need to promote 

the cultivation of the yellow maize (de Almeida Rios et al., 

2014). White germplasm has also its worth and scope as being 
the raw material for dry milling industry (Mejia and Peel, 

2009). It could be inferred that industrial sector should 

manage the cultivation of white maize whereas, for general 

public health, nutritional quality, food security, poultry 

industry and other associated sectors cultivation of yellow 

maize germplasm should be promoted. 

Selection criteria: A selection criterion is defined, based on 

the correlation of yield with different yield components. 

Correlation coefficients of the yellow and white maize 

germplasm were estimated separately to facilitate the 

mapping of selection criteria. Rapid genetic improvement of 

maize germplasm was attained through correlation assisted 
selection (Ogunniyan and Olakojo, 2014). Grain yield in the 

white maize germplasm is positively correlated with plant 

height, ear height, grains per row, number of rows per cob and 

yield per plant. Therefore, genetic improvement in yield 

potential of white maize genotypes was direly dependent on 

the genetic improvement of yield per plant, grains per row, 

ear height, plant height and number of rows per cob. 

In yellow maize germplasm, grain yield is positively 

correlated with plant height, ear height, number of rows per 

cob, yield per plant and grains per row. Moderate negative 

correlation between grain yield, days to 50% silking and days 
to 50% tasseling is also observed for yellow maize genotypes. 

However, this correlation was insignificant based on the 

probability values thus, these were not actual correlations. 

Ogunniyan and Olakojo (2014) reported the positive 

correlation of grain yield with anthesis silking interval 

whereas, in current experiment these traits were independent 

of each other and these differences may be attributed to 

different genetic basis of the germplasm. Total carotenoid 
contents were absent in white maize germplasm whereas, in 

yellow maize germplasm, grain yield was independent of the 

total carotenoid contents. Higher or lower total carotenoid 

contents have no effect on the grain yield. As correlation 

pattern of yield components with yield was similar for yellow 

and white maize germplasm thus, selection criteria for genetic 

improvement of yield could also be similar for both type of 

genotypes. Similar type of correlation was also reported by 

other researchers irrespective of the nature of germplasm 

either yellow or white (Yousuf et al., 2001; Rafique et al., 

2004). Previously it was reported that yield and provitamin A 

carotenoids contents have no correlation (Menkir et al., 2014; 
Suwarno et al., 2014; Dhliwayo et al., 2014) and, similar 

results were also found in current study. It may be concluded 

that total carotenoid contents and yield in yellow maize 

germplasm could be improved simultaneously. 

Sometimes correlation coefficients between two variables are 

due to the indirect effects of the third variable. Yield 

components which have highly positive correlation and direct 

effects on the yield are most appropriate to be used as 

selection criteria for genetic improvement (Dewey and Lu 

1957; Pavan et al., 2011). For white germplasm, yield per 

plant have high direct effects on the grain yield. Yield per 
plant have higher positive correlation and directs effects on 

the yield thus, these are most appropriate traits to be used as 

selection criteria for genetic improvement of white 

germplasm. In yellow maize germplasm, anthesis silking 

interval, days to 50% tasseling, yield per plant and grains per 

row have high direct effects on the yield. In yellow maize 

germplasm, yield per plant and grains per row have 

significant strong positive correlation and direct effects on the 

yield. Therefore, for yellow maize germplasm, yield per plant 

and grains per row were the most appropriate traits to be used 

as selection criteria for genetic improvement of yield. 

Shakoor et al. (2007) also dissected the correlation 
coefficients and found that number plant height and ear height 

have desirable effects on the maize yield.  

Potential candidate genotypes: PCA is one of the 

multivariate analyses, and extensive reports are available for 

use of PCA biplots for evaluation of variability in different 

type of crop species (Aslam et al., 2013; Aslam et al., 2014; 

Ashraf et al., 2015; Latif et al., 2015; Mustafa et al., 2015). 

Based on the results of PCA biplot best performing genotypes 

were selected from the white and yellow maize germplasm. 

Among white genotypes, 19189, 15159, 19201, 15018, 

15216, 15170, 15155, 19196, 15318, 19174, 15263, 15284, 
15227, 15327, 15355, 15125 and 15282 genotypes were 

promising based on studied yield and related components. 

Among yellow maize germplasm, 14965, 14982, 19205, 
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15019, 14971, 15163, 15205, 24687, 15207, 15194, 15190, 

15169, 15173, 15172, 15187, 15185, 15226, 15171, 15105, 

19175, 19178, 15061, 24679, 15128 and 15353 were the best 

genotypes based on yield, related components and total 

carotenoid contents.  
 

Conclusions: It may be concluded from current study that 

maize germplasm in Pakistan has significant genetic 

variability for yield and yield components. This genetic 

variability is the source of raw material for further genetic 

improvement of maize germplasm. Both white and yellow 

types are having significant within and between genetic 

variability for yield and yield components. Yield of the 

yellow maize genotypes is higher than white genotypes which 

is attributed to more grains per row and more number of rows 

per cob. Different yield components have different magnitude 

and direction of correlation with yield in white and yellow 
maize germplasm. Based on the coefficients of correlation 

and path analysis, yield per plant is key target trait for genetic 

improvement for white genotypes whereas, yield per plant 

and grains per row are most appropriate traits for yellow 

maize germplasm. PCA biplot also facilitated the selection of 

best performing genotype among yellow and white 

germplasm which could be used as parental material in 

different breeding programs. So far as future prospects are 

concerned, with due prevalence of provitamin A malnutrition 

across the country, there is also need to evaluate the yellow 

maize germplasm for estimating the variability of provitamin 
A carotenoids. Provitamin A biofortified maize genotypes are 

the key breeding prospects for maize in Pakistan. 
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