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ABSTRACT 

Seed dimension improvement requires an assessment of seed metrics and the relationships among 

the seed traits. Therefore, the objectives of this study were to detect the basic principles underlying 

seed shape in maize, determine the relationships among the elements of the seed dimension and 

examine heterosis in the seed morpho-traits. Seeds of 50 yellow kernel single cross hybrid maize 

were subjected to morphometric analysis in three replications along with their parents in a 

laboratory experiment using digital imaging system. Data on seed angle (SA), seed embryo angle 

(SEA), seed diameter (SD), seed perimeter (SP), seed thickness (ST), seed width (SW) and seed length 

(SL) were collected while seed area (SAR), seed shape factor (SSF), flatness index (FI) and eccentric 

index (SI) were estimated. The data were subjected to variance and Pearson’s correlation analyses. 

Heterosis was estimated for the seed morpho-traits and index score method was employed to rank 

the hybrids for heterosis. High significant variation existed for the seed morpho-traits among the 

hybrids. Seed diameter, seed perimeter, seed width, seed length and seed area distinguished and 

rated TZEI13×BD74-161, BD74-165×BD74-161, TZEI124×BD74-161 and TZEI146×BD74-161 

high in seed morphometric. Seed angle correlated with the SEA; the SD associated with SP, SL, SW, 

SAR and SSF whereas SP can be selected for SSF and flatness index. The SD, SW and SL can be 

improved through heterosis. The crosses involving inbred lines TZEI13 and BD74-161 expressed 

high vigour over their parents. Hence, they can be explored in hybrid maize seed production.  
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INTRODUCTION 

Seeds of maize (Zea mays L.) exist in varied 

shapes and sizes in different genotypes of 

the crop. The dimension of the seeds may 

also vary based on their positions on the ear. 

However, the seeds tend to be similar in 

dimension as they approach the middle of 

the ear from both the axial and distal ends. 

Hence, the seeds at the middle of the ear can 

be regarded to be similar in size and shape. 

It has been reported that farmers widely 

believe that large and flat seeds germinate 

faster and produce larger seedlings than 

other sizes or shapes (El-Abady, 2015). On 

the contrary, Lafond and Baker (1986) 

found that smaller seeds of wheat cultivars 

germinate faster and their seedlings grow 

more quickly than large seeds.  

Seed quality provides information on the 

effective seeds placement which may affect 

rate, volume and uniformity of seed 

emergence as well as growth of the 

resultant seedlings. Seed size is an 

important target in crop improvement 

because of the requirements of both the 

end-use quality and consumer preference 

(Gupta et al., 2006). Apart from suitability 

for mechanization in terms of sowing and 

processing, the morphology of the seed may 

influence the market value as well as 

consumer preference for a particular maize 

genotype. Seed size has also been proposed 

to be a key contributor to grain yield in 

cereals (Kesavan et al., 2013). 

Understanding the determinants of seed 

size is, therefore, essential to meet 
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increasing demand for food staples and 

renewable energy by the ever-growing 

human population.  

Heterosis, which is increase of size, yield 

and vigour through cross-breeding is a 

popular method of crop improvement. It 

induces increase in the parameters in crop 

(Shull, 1948). Heterosis breeding could be 

a potential alternative for achieving 

significant increases in performance or 

expression in traits of crop. This crop 

improvement technique had been used for 

many agronomic traits including crop yield 

and its related traits in many crops. Wali et 

al. (2010) reported that heterosis has been 

successfully harnessed in maize 

improvement than in any other crop 

species. Maize seed dimension is crucial to 

grain yield in the breeding programmes 

(Chen et al., 2016), but reports on the use of 

heterosis for maize seed dimension 

improvement are scanty. Hence, this will be 

a step forward in maize improvement 

achievable through hybridization which 

ultimately results in heterosis. 

Seed morphometric (dimension of length, 

width, angle and area of seed) is an 

important tool in the study of 

morphological traits of crops which has 

been widely and successfully used to 

discriminate cultivars of many crops 

(Apuan et al., 2011; Daniel et al., 2012). 

The dimension measurement and analysis 

are possible for a single seed by the use of 

image analysis technique or machine vision 

systems. This technique has gradually 

replaced manual inspection of samples for 

the seed traits, especially where the 

information could be visually obtained 

repeatedly. The image analysis technique is 

faster, more reliable and involves non-

destructive inspection of the specimens 

(Geetha et al., 2011; Grillo et al., 2011; 

Sumathi and Balamurugan, 2013).  

Seed size and shape have been reported as 

important grading parameters of seed grains 

of many crops especially cereals and pulses 

(Graven and Carter, 1990; Shahin et al., 

2006). Therefore, breeding for seed quality 

in terms of size, shape and thickness and 

determining some seed shape factors 

requires a fundamental assessment of the 

seed metrics and the relationships among 

the traits.  

Hence, the objectives of this study were to 

detect the basic principles underlying seed 

size in maize, determine the relationships 

among the elements of the seed dimension 

and specifically elucidate heterosis caused 

by increase in the frequency of favourable 

alleles of the crop through hybridization. 

MATERIALS AND METHODS 

A total of 50 yellow kernel hybrid maize 

were tested along with their respective 

parents in a laboratory experiment 

conducted at Institute of Agricultural 

Research and Training, Obafemi Awolowo 

University, Ibadan. The 50 hybrids were 

selected based on their comparatively high 

grain yield and ear aspect as well as 

availability of seeds from 66 hybrids 

generated from 12 inbred lines using non-

reciprocal diallel mating system. All the 12 

parental lines were evaluated with the 

selected 50 hybrids in the study. Samples 

were drawn from the seed lot of each of the 

hybrids and parental lines for morphometric 

analysis.  

Forty whole and intact consecutive kernels 

were obtained at 10 per ear column from 

four consecutive ear rows in the middle of 

the uppermost or only ear of each selected 

hybrid and each parent line of the maize. 
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The seeds were subjected to morphometric 

analysis using Completely Randomized 

Design in three replicates. Sample from 

each replicate containing 10 seeds of each 

hybrid or parent line were viewed under 

digital imaging using Universal Serial Bus 

microscope (VehoTM UK). The seeds were 

placed one after the other with their embryo 

axes facing the lens of the camera under 

light. The light on the USB microscope was 

calibrated by adjusting its magnification to 

×35 to obtain the brightest image before 

measuring the parameters. 

Morphometric data were taken according to 

Grillo et al. (2011) and Geetha et al. (2011) 

as follows: seed length (SL) was measured 

as the distance between the base of the 

embryo axis to the tip of the endosperm of 

the seed; seed width (SW) was measured 

across the middle, and at right angle to the 

length of the seed; seed thickness (ST) was 

measured across the middle, and at right 

angle to the width of the seed using digital 

vernier callipers; the seed perimeter (SP) 

was the perimeter of a circle drawn around 

the seed ensuring the line touches all edges 

of the seed; while seed diameter (SD) was 

the length of a line drawn across the circle 

made round the seed.  

Other parameters measured were seed angle 

(SA) which was the angle created in 

between two lines touching each other at 

the tip where the seed is attached to the 

husk, and seed embryo angle was the angle 

formed in between two lines touching the 

edge of the embryo on the seed endosperm. 

Estimations was made on seed area (SAR) 

as the seed length × seed width; shape 

factor (SSF) as using 4πA/C², where A is 

the seed area, C = seed perimeter (Grillo et 

al., 2011; Geetha et al., 2011); flatness 

index (FIX) as the ratio of seed length to 

seed width and seed thickness using FI= 

SL+ SW/2ST according to Adewale et al. 

(2010) and eccentric index (EIX) was the 

ratio of SL to SW according to Balkays and 

Odabas (2002). 

Mid-parent heterosis (MPH) and better-

parent heterosis (BPH) were estimated for 

each seed morpho-trait according to 

Comstock and Robinson (1952) as:  

 MPH = 
F₁ −MP

MP
 × 100  

and      

BPH = 
F₁ −BP

BP
 × 100 

Where, F1 was the value for a seed trait of a 

hybrid, MP = (P1 + P2) ÷ 2 in which P1 and 

P2 were the values for the seed trait of a 

given pair of inbred parents and BP was the 

value for the seed trait of the better parent.  

Data collected were subjected to analysis of 

variance and Pearson’s correlation analysis 

using SAS (2009) to determine the 

relationships among the seed morpho-traits. 

Least significant difference was employed 

to separate means among hybrids. Index 

score method as proposed by Anderson 

(1957), reported and explained by Singh 

and Chaudhary (1977) was employed to 

rank the hybrids based on their ability to 

express heterosis for the seed morpho-

traits.  

RESULTS 

Mean values for seed morphometric of the 

hybrid maize 

Highly significant variation (p < 0.001) 

existed for all the seed morphometrics 

among the hybrid maize tested (Table 1). 

The CVs were generally low across the seed 

morphometric (less than 15%) except for 

SEA where CV was 20.82%. The SA 

ranged from 14.48 to 89.66° whereas SEA 

ranged from 79.71 to 178.88°. The ranges 
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for SD, SP, ST, SW, SL and SAR were 

respectively 5.84 to 9.64 cm, 19.07 to 31.02 

cm, 3.47 to 6.00 cm, 5.28 to 8.34 cm, 6.03 

to 7.93 cm and 31.33 to 65.45 cm2 whereas 

respective ranges for SSF, FIX and EIX 

were 0.74 to 1.22, 1.13 to 1.88 and 0.89 to 

1.32. 

Similarly, Table 1 shows that significant 

differences existed in the morpho-metric 

traits except in SEA and SW of the parent 

lines. The variations were highly significant 

for SP, ST, SL and FI (p < 0.001) as well as 

SD and SAR (p < 0.01) whereas SA, SSF 

and EI had (p < 0.05) significant variations. 

The CVs for all the traits were found to be 

low. The parameter was less than 10.0% for 

all the traits except flatness index that had 

11.47%. The maximum and minimum 

values for the traits are also presented in the 

Table 1. 

Table 2 shows hybrid TZEI12×TZEI11 was 

among the hybrids that had highest SA 

(89.25°) and SEA (178.88°), whereas 

TZEI12×TZEI16 and TZEI11×TZEI8 

respectively had the least SA (74.48°) and 

SEA (79.71°). Hybrids TZEI16×BD74-

161, TZEI13×BD74-161, TZEI10×TZEI8 

and TZEI124×BD74-161 had the highest 

SD which were greater than 9 cm whereas 

TZEI13×TZEI128 and TZEI11×TZEI16 

had the least (less than 6 cm).   

The SP was highest in TZEI124×BD74-

161, TZEI13×BD74-161 and 

TZEI16×BD74-161 (greater than 30 cm) 

but least in TZEI11×TZEI16 (less than 20 

cm). Only TZEI146×BD74-161 had ST 

equal to 6.0 cm and TZEI10×TZEI124, 

TZEI12×TZEI124, TZEI12×BD74-165 

and TZEI128×TZEI11 had least ST which 

were less than 4.0 cm. For SW, 

TZEI13×BD74161, TZEI124×BD74-161 

and TZEI146×BD74-161 had the highest 

whereas TZEI124×BD74-161, 

TZEI13×BD74-161, TZEI16×BD74-161 

and BD74-165×BD74-161 were among the 

hybrids that had highest SL. It was also 

found that TZEI13×BD74-161 and TZEI 

124×BD74-161 had the highest SAR with 

each having greater than 6 mm².  

The variations in the morpho-metric traits 

of the parent lines are presented in Table 3. 

Mean values for the traits indicated that SA 

and SEA were 82.15o and 11.02°, 

respectively. Parent TZEI128 was 

prominent among the lines with high SD 

(7.13 mm), SP (21.92 mm), SL (6.56 mm) 

and SAR (12.83 mm²).  Mean values for 

traits of the lines were 6.84 mm, 20.44 mm, 

3.93 mm, 5.99 mm, 6.25 mm and 11.35 mm 

for SD, SP, ST, SW, SL and SAR, 

respectively.  
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Table 1: Mean squares and other parameters of some seed morpho-traits of selected yellow kernel hybrid maize   

Source of 

variation 
df Seed angle 

Seed embryo 

angle 

Seed 

diameter 

Seed 

perimeter 

Seed 

thickness 

Seed 

width 

Seed 

length 

Seed 

area 

Seed shape 

factor 

Flatness 

index 

Eccentric 

index 

Hybrids 

Genotype 49 1603.87*** 834.65*** 2.49*** 19.10*** 0.90*** 1.18*** 0.53*** 133.69*** 0.03*** 0.12*** 0.02*** 

Replicate 2 3.61 538.10 2.34 2.81 0.02 0.09 0.02 8.28 0.03 0.003 0.003 

Error 98 26.68 584.28 0.75 1.40 0.13 0.16 0.08 10.84 0.01 0.02 0.008 

CV (%)  7.18 20.82 11.60 4.88 7.62 6.02 4.16 7.20 10.02 8.97 8.51 

R2  96.78 42.23 63.26 87.29 77.73 78.61 76.53 86.09 62.14 77.62 55.04 

Maximum   89.25 178.88 9.64 31.02 6.00 8.34 7.93 65.45 1.22 1.88 1.32 

Minimum  72.74 79.71 5.84 19.07 3.47 5.28 6.03 31.83 0.74 1.13 0.89 

             

Parent (inbred lines) 

Genotype 11 43.40* 90.56 0.05** 1.16*** 0.01*** 0.07 0.90*** 2.51** 0.03* 34.01*** 0.007* 

Replicate 2 22.39 114.19 0.01 0.17 0.0003 0.001 0.01 0.11 0.02 3.53 0.001 

Error 22 15.42 57.00 0.01 0.16 0.002 0.04 0.008 0.61 0.01 1.80 0.003 

CV (%)  4.78 6.80 5.52 3.51 9.01 5.84 2.83 6.92 3.06 11.47 6.03 

R2  60.62 50.60 69.49 78.69 81.54 44.80 84.41 67.23 57.17 82.95 54.56 

Maximum   77.7 102.68 1.70 10.70 0.27 3.26 3.00 9.84 3.49 12.80 0.87 

Minimum  90.76 117.34 2.13 12.92 0.52 3.68 3.56 12.83 3.88 25.23 1.03 

df= degree of freedom, CV=coefficient of variation and R2=coefficient of determination 
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Table 2: Variation in means of some seed morpho-traits of selected yellow kernel single cross hybrid maize 

Hybrid 
SA 

(°) 

SEA 

(°) 

SD 

(mm) 

SP 

(mm) 

ST 

(mm) 

SW 

(mm) 

SL 

(mm) 

SA 

(mm2) 
SSF FIX EIX 

TZEI13×TZEI10 80.85 108.27 7.62 24.43 4.33 6.79 6.88 46.69 0.98 1.58 1.01 

TZEI13×TZEI12 81.12 134.75 6.73 25.12 4.20 6.86 6.99 47.98 0.96 1.65 1.02 

TZEI13×TZEI128 81.40 161.23 5.84 25.81 4.07 6.95 7.11 49.35 0.93 1.74 1.02 

TZEI13×TZEI11 79.79 134.11 7.79 24.79 5.37 6.43 6.94 44.61 0.91 1.27 1.08 

TZEI13×TZEI16  78.22 108.82 7.45 24.21 4.47 6.71 6.77 45.38 0.97 1.56 1.01 

TZEI13×TZEI124 80.14 106.86 7.68 26.21 4.53 6.65 6.92 45.99 0.86 1.50 1.04 

TZEI13×BD74-165 88.77 116.88 6.74 22.40 5.50 6.60 6.56 43.30 1.08 1.20 0.99 

TZEI13×BD74-161 84.65 107.21 9.47 30.53 4.67 8.34 7.85 65.45 0.88 1.73 0.94 

TZEI13×BD74-222 83.35 123.23 8.04 26.11 5.07 7.23 7.15 51.91 0.95 1.42 0.99 

TZEI146×TZEI10 78.62 139.24 7.15 23.26 5.20 6.27 6.69 41.99 0.98 1.25 1.07 

TZEI146×TZEI12 82.89 112.84 7.09 22.99 4.70 6.61 6.65 44.02 1.05 1.42 1.01 

TZEI146×TZEI128 78.80 101.94 8.07 26.27 4.60 6.98 7.17 50.07 0.91 1.54 1.03 

TZEI146×TZEI 11 84.41 116.94 6.13 21.70 4.10 6.17 6.45 39.79 1.06 1.55 1.05 

TZEI146×TZEI8 75.94 99.42 7.69 24.91 4.47 6.27 6.95 43.56 0.88 1.48 1.11 

TZEI146×TZEI16  86.66 116.24 7.53 21.95 5.10 5.95 6.49 38.61 1.01 1.22 1.12 

TZEI146×TZEI124 86.23 118.88 6.87 23.00 5.27 6.65 6.65 44.18 1.05 1.27 1.00 

TZEI146×BD74-165 86.96 116.74 7.26 23.53 4.73 6.88 6.74 46.38 1.05 1.44 0.98 

TZEI146×BD74-161 86.55 113.82 7.88 26.42 6.00 7.89 7.19 56.73 1.02 1.26 0.91 

TZEI10×TZEI12 82.99 127.18 7.29 23.83 4.77 7.12 6.81 48.46 1.07 1.47 0.96 

TZEI10×TZEI128 80.83 112.85 7.01 22.98 4.80 6.38 6.65 42.40 1.01 1.36 1.04 

TZEI10×TZEI8 72.74 94.92 9.37 25.53 4.27 5.75 7.34 41.66 0.81 1.54 1.32 

TZEI10×TZEI16  77.10 115.67 6.69 21.35 4.33 6.65 6.48 43.11 1.19 1.54 0.98 

TZEI10×TZEI124 80.39 144.74 6.25 20.37 3.93 5.74 6.24 35.80 1.09 1.53 1.09 

TZEI10×BD74-165 83.32 111.52 6.49 22.15 4.33 6.42 6.51 41.82 1.07 1.49 1.01 

TZEI10×BD74-161 81.09 121.97 8.01 25.94 4.80 7.05 7.10 50.04 0.94 1.47 1.01 

TZEI12×TZEI128 76.25 112.24 7.37 23.24 4.20 6.21 6.69 41.51 0.97 1.56 1.08 

TZEI12×TZEI11 89.25 178.88 7.37 23.26 4.10 7.01 6.85 47.97 1.12 1.70 0.98 

TZEI12×TZEI8 76.00 115.79 7.07 21.97 4.50 6.23 6.47 40.32 1.05 1.41 1.04 

TZEI12×TZEI16  74.48 97.60 8.31 26.41 4.00 6.24 7.19 44.84 0.81 1.68 1.15 

TZEI12×TZEI124 80.16 108.22 7.99 25.77 3.87 7.47 7.07 52.76 1.00 1.88 0.95 

TZEI12×BD74-165 79.99 105.57 7.09 25.94 3.87 6.73 6.56 44.55 0.83 1.72 0.97 

TZEI12×BD74-161 78.65 105.57 8.35 27.10 5.23 7.10 7.29 51.74 0.89 1.38 1.03 

TZEI128×TZEI11 80.01 112.45 7.26 22.73 3.47 6.21 6.66 41.34 1.01 1.87 1.07 

TZEI128×TZEI8 76.13 111.26 7.11 23.88 4.57 6.77 6.21 42.08 0.93 1.42 0.92 

TZEI128×TZEI16  84.18 116.94 7.56 24.18 5.43 6.48 6.75 43.73 0.95 1.22 1.05 

TZEI128×TZEI124 79.26 110.12 6.71 22.33 4.77 6.23 6.55 40.76 1.03 1.34 1.05 

TZEI128×BD74-165 82.45 131.79 7.04 22.93 5.10 6.52 6.69 43.60 1.04 1.30 1.03 

TZEI11×TZEI8 75.25 79.71 8.29 26.03 5.60 5.56 7.14 39.70 0.74 1.13 1.28 

TZEI11×TZEI16  79.71 102.29 5.91 19.07 4.40 5.28 6.03 31.83 1.10 1.30 1.14 

TZEI11×TZEI124 79.72 114.05 7.33 23.35 5.63 6.40 6.71 42.97 0.99 1.17 1.05 

TZEI11×BD74-165 87.78 115.80 6.68 23.09 4.80 6.63 6.65 44.03 1.04 1.39 1.00 

TZEI11×BD74-161 79.68 97.34 8.46 26.64 4.63 6.89 7.23 49.87 0.88 1.53 1.05 

TZEI8×TZEI16  81.22 109.63 6.94 22.33 4.83 6.13 6.55 40.11 1.01 1.31 1.07 

TZEI8×BD74-165 86.63 131.67 6.79 22.61 5.40 7.49 6.59 49.39 1.22 1.31 0.89 

TZEI16×TZEI124 84.30 108.07 6.29 20.41 5.20 5.57 6.25 34.79 1.05 1.14 1.13 

TZEI16×BD74-165 79.96 127.73 6.37 21.73 5.40 6.64 6.45 42.81 1.14 1.21 0.97 

TZEI16×BD74-161 77.03 108.53 9.64 30.49 4.20 7.55 7.83 59.07 0.87 1.83 1.04 

TZEI124×BD74-165 84.31 110.68 8.80 22.64 4.83 6.65 6.83 45.37 1.11 1.40 1.03 

TZEI124×BD74-161 77.35 94.47 9.21 31.02 4.30 8.17 7.93 64.83 0.85 1.88 0.97 

BD74165×BD74-161 88.83 131.80 8.68 27.85 5.00 7.40 7.72 57.12 0.93 1.52 1.04 

Mean 81.25 116.09 7.46 24.26 4.70 6.66 6.84 45.73 0.99 1.46 1.04 

LSD 8.29 39.13 1.43 1.94 0.58 0.65 0.46 5.32 0.16 0.21 0.14 

SA=seed angle, SEA=seed embryo angle, SD=seed diameter, SP=seed perimeter, ST=seed thickness, SW=seed width, SL= 

seed length, SAR=seed area, SSF=shape factor, FIX=flatness index, EIX=eccentric index, LSD=Least significant difference 
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Table 3: Variation in means of some seed morpho-traits of selected yellow kernel single cross hybrid maize 

SA=seed angle, SEA=seed embryo angle, SD=seed diameter, SP=seed perimeter, ST=seed thickness, SW=seed width, SL= 

seed length, SAR=seed area, SSF=shape factor, FIX=flatness index, EIX=eccentric index, LSD=Least significant difference 

 

Association among the seed 

morphometric traits of the hybrid maize 

Pearson’s correlations coefficients of the 

seed morpho-traits of the maize were 

presented in Table 4. Seed embryo angle 

moderately correlated with SD (r = -0.40; p 

< 0.01), SSF (r = 0.47; p < 0.001) but weak 

correlation was observed between SEA and 

EIX (r = -0.34; p < 0.01). However, SD 

correlated with all other traits except ST 

and FIX. The correlation of SD with SP, 

SL, SAR and SSF was strong and positive. 

Moreover, the correlation of SD was 

moderate and positive with SW but weak 

with EIX (r = 0.14; p < 0.05). The SP was 

found to have strong correlation with SW, 

SL, SAR, SSF and FIX. The correlation of 

the SP with these traits were positive except 

with SSF which was negative. The ST had 

strong and negative correlation with FIX (r 

= -0.85; p < 0.001) only. Highly significant 

correlation was observed between SW and 

each of SL, SAR and EIX (r = -0.74; p < 

0.001), but positive significant correlation 

of SW with FIX was moderate. The SL had 

a strong positive correlation with SAR (r = 

0.87; p < 0.001); moderate correlation with 

FIX (r = 0.48; p < 0.001) but strong highly 

significant negative correlation with SSF. 

Table 4 also shows that SAR correlated 

moderately with FIX (r = 0.50; p < 0.0001) 

and EIX (r = -0.49; p < 0.001) whereas SSF 

had weak negative correlation with FIX and 

EIX.  

Heterosis estimates for seed morphometric 

of yellow kernel hybrid maize 

The estimates of MPH and BPH, total 

heterosis scores and ranks of the hybrid 

maize based on their heterosis estimates 

were presented in Table 5. Positive and 

negative estimates were recorded for all the 

seed morphometric as expressed by the 

hybrids. The ranges of MPH and BPH for 

SA were -7.21% to 6.60% and -11.90% to 

4.92% respectively, whereas MPH ranged 

from -26.49% to 63.38% and BPH ranged 

from -37.55% to 62.59% for SEA. The 

MPH for SD, SP, ST, SW and SL 

respectively ranged from -16.03% to 

Inbred line SA (°) 
SEA 

(°) 

SD 

(mm) 

SP 

(mm) 

ST 

(mm) 

SW 

(mm) 

SL 

(mm) 

SA 

(mm2) 
SSF FIX EIX 

TZEI13 79.60 102.68 6.78 20.21 3.93 5.99 6.10 10.82 3.69 15.45 0.89 

TZEI146 85.15 115.64 6.82 20.57 4.00 6.02 6.42 12.04 3.77 14.02 0.97 

TZEI10 79.60 104.29 6.87 20.76 3.99 6.18 6.25 11.93 3.70 14.14 0.89 

TZEI12 81.65 108.96 6.73 19.90 3.93 6.11 6.14 11.35 3.88 15.56 0.87 

TZEI128 77.70 117.34 7.13 21.92 3.93 6.10 6.56 12.83 3.49 16.79 1.00 

TZEI11 80.72 110.02 6.70 19.70 3.94 5.76 6.02 9.84 3.68 14.31 0.93 

TZEI8 77.73 106.85 6.89 20.87 3.95 6.10 6.18 11.43 3.58 15.28 0.89 

TZEI16 80.23 104.58 6.72 19.84 3.89 5.83 6.00 9.98 3.66 16.29 0.90 

TZEI124 85.56 114.86 6.96 20.53 3.77 6.01 6.37 11.83 3.75 25.23 0.96 

BD74-165 90.76 117.14 6.73 19.91 4.02 5.76 6.34 10.89 3.80 12.80 1.03 

BD74-161 84.57 112.84 6.86 20.26 3.91 5.92 6.19 10.91 3.69 16.27 0.93 

BD74-222 82.51 117.05 6.88 20.86 3.86 6.17 6.38 12.40 3.73 20.35 0.92 

Mean 82.15 111.02 6.84 20.44 3.93 5.99 6.25 11.35 3.70 16.38 0.93 

LSD 6.65 12.78 0.17 0.68 0.07 0.35 0.16 1.33 0.19 3.18 0.10 
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41.97%, -3.54% to 54.48%, -11.82% to 

51.71%, -8.89% to 40.05% and -2.51% to 

28.47% whereas the ranges for the BPH for 

the respective traits were -18.09% to 

40.52%, -3.88% to 53.11%, -11.93% to 

50.00%, -9.43% to 39.23% and -5.34% to 

26.82%. A total of 20 hybrids had positive 

MPH for SA but only 12 had positive BPH 

estimates for the trait. Hybrid 

TZEI8×TZEI161 top the list with greater 

than 5% MPH and BPH and the trend was 

similar for SEA.  

Hybrids TZEI16×BD74-161, 

TZEI13×BD74-161, TZEI10×TZEI8 and 

TZEI124× BD74-161 had highest heterosis 

estimates for SD with MPH and BPH 

greater than 30% whereas 

TZEI13×TZEI128 had the least MPH (-

16.03%) and TZEI146×BD74-165 had the 

least BPH (-18.09%) for the trait. The trend 

of the estimates of MPH was similar to that 

of BPH for SP for all the hybrids with 

TZEI124×BD74-161, TZEI16×BD74-161 

and TZEI13×BD74-161 having greater 

than 50% heterosis percentage. The MPH 

estimates for ST in all the hybrids were 

positive except for TZEI12×BD74-165 and 

TZEI128×TZEI11 which also had negative 

BPH estimates. Hybrids TZEI146×BD74-

161, TZEI11×TZEI8, TZEI11×TZEI124 

had the highest estimates (> 40%) recorded 

for the trait. The trend of SW was similar to 

SL where TZEI13×BD74-161, 

TZEI13×BD74-161 and TZEI16×BD74-

161 were among the hybrids that had the 

highest MPH and BPH for the traits.  

Based on the rank of the total score due to 

heterosis estimates, TZEI13×BD74-161, 

BD74-165×BD74-161, TZEI124×BD74-

161 and TZEI146×BD74-161 were rated 

best among the 50 yellow kernel hybrid 

maize (Table 5). Appendix 1 shows the 

score index for heterotic ranks of the 

selected yellow kernel single cross hybrid 

maize whereas Appendix 2 presents the 

range of means and score index of heterosis 

estimates of some seed morphometric of 

hybrid maize. 
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Table 4: Pearson’s correlation of some seed morpho-traits of selected yellow kernel single cross hybrid maize 

Seed 

morphometric 

Seed 

angle 

Seed 

embryo 

angle 

Seed 

diameter 

Seed 

perimeter 

Seed 

thickness 

Seed 

width 

Seed 

length 
Seed area 

Shape 

factor 

Flatness 

index 

Seed embryo angle 0.19          

Seed diameter 0.08 -0.40**         

Seed perimeter 0.11 -0.24 0.81***        

Seed thickness 0.18 -0.03 0.02 -0.06       

Seed width 0.19 0.13 0.48*** 0.71*** 0.05      

Seed length 0.18 -0.17 0.85*** 0.94*** -0.03 0.67***     

Seed area 0.21 0.01 0.67*** 0.87*** 0.02 0.95*** 0.87***    

Seed shape factor 0.04 0.47*** -0.62*** -0.74*** 0.12 -0.09 -0.63*** -0.32   

Flatness index -0.04 0.03 0.33 0.51*** -0.85*** 0.44*** 0.48*** 0.50*** -0.28***  

Eccentric index -0.07 -0.34** 0.14* -0.12 -0.06 -0.74*** 0.00 -0.49*** -0.23*** -0.19 
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Table 5: Heterosis estimates for some seed morpho-traits and heterotic ranks of selected yellow kernel single cross hybrid maize 

Hybrid 
Seed angle 

Seed embryo 

angle 
Diameter Perimeter Thickness Width Length 

THS RBH 

MPH BPH MPH BPH MPH BPH MPH BPH MPH BPH MPH BPH MPH BPH 

TZEI13×BD74-161 3.12 0.09 -0.51 -4.99 38.86 38.05 50.88 50.69 19.13 18.83 40.05 39.23 27.75 26.82 36 1 

BD74165×BD74-161 -4.37 -7.64 14.62 12.51 27.74 26.53 38.66 37.46 26.10 24.38 26.71 25.00 23.22 21.77 34 2 

TZEI124×BD74-161 -5.54 -6.09 -17.02 -17.75 33.29 32.33 54.48 53.11 11.98 9.97 36.97 35.94 26.27 24.49 33 3 

TZEI146×BD74-161 1.99 1.64 -0.37 -1.57 15.20 14.87 29.41 28.44 51.71 50.00 32.16 31.06 14.04 11.99 31 4 

TZEI13×TZEI11 -0.46 -1.15 26.10 21.90 15.58 14.90 24.23 22.66 36.47 36.29 9.45 7.35 14.52 13.77 30 5 

TZEI13×BD74-222 2.83 1.02 12.16 5.28 17.72 16.86 27.15 25.17 30.17 29.01 18.91 17.18 14.58 12.07 30 5 

TZEI12×BD74-161 -5.37 -7.00 -4.81 -6.44 22.88 21.72 34.96 33.76 33.42 33.08 18.04 16.20 18.25 17.77 30 5 

TZEI16×BD74-161 -6.52 -8.92 -0.17 -3.82 41.97 40.52 52.07 50.49 7.69 7.42 28.51 27.53 28.47 26.49 30 5 

TZEI12×TZEI11 5.01 4.41 63.38 62.59 9.75 9.51 17.47 16.88 4.19 4.06 18.11 14.73 12.66 11.56 29 9 

TZEI13×TZEI128 3.50 2.26 46.56 37.40 -16.03 -18.09 22.53 17.75 3.56 3.56 14.97 13.93 12.32 8.38 28 10 

TZEI13×TZEI16  -2.12 -2.51 5.01 4.05 10.37 9.88 20.90 19.79 14.32 13.74 13.54 12.02 11.90 10.98 28 10 

TZEI10×TZEI12 2.93 1.64 19.28 16.72 7.21 6.11 11.67 8.71 20.45 19.55 15.87 15.21 9.93 8.96 28 10 

TZEI10×BD74-161 -1.21 -4.11 12.35 8.09 16.68 16.59 26.47 24.95 21.52 20.30 16.53 14.08 14.15 13.60 28 10 

TZEI11×BD74-161 -3.59 -5.78 -12.64 -13.74 24.78 23.32 33.33 31.49 17.96 17.51 17.98 16.39 18.43 16.80 28 10 

TZEI13×TZEI10 1.57 1.57 4.62 3.82 11.65 10.92 19.26 17.68 9.34 8.52 11.59 9.87 11.42 10.08 27 15 

TZEI128×TZEI16  6.60 4.92 5.39 -0.34 9.17 6.03 15.80 10.31 38.87 38.17 8.63 6.23 7.48 2.90 27 15 

TZEI10×TZEI8 0.35 -0.83 -10.09 -11.17 36.19 35.99 22.65 22.33 7.56 7.02 -6.35 -6.96 18.10 17.44 25 17 

TZEI8×BD74-165 2.83 -4.55 17.57 12.40 -0.29 -1.45 10.89 8.34 35.51 34.33 26.31 22.79 5.27 3.94 25 17 

TZEI12×TZEI16  -1.80 -2.66 -8.59 -10.43 23.57 23.48 32.91 32.71 2.30 1.78 4.52 2.13 18.45 17.10 24 19 

TZEI11×TZEI8 -5.02 -6.78 -26.49 -27.55 22.00 20.32 28.32 24.72 41.95 41.77 -6.24 -8.85 17.05 15.53 24 19 

TZEI13×TZEI12 0.61 -0.65 27.34 23.67 -0.37 -0.74 25.26 24.29 6.87 6.87 13.39 12.27 14.22 13.84 24 21 

TZEI13×TZEI124 -2.95 -6.33 -1.76 -6.97 11.79 10.34 28.67 27.67 17.66 15.27 10.83 10.65 10.99 8.63 24 21 

TZEI13×BD74-165 4.21 -2.19 6.34 -0.22 -0.22 -0.59 11.67 10.84 38.36 36.82 12.34 10.18 5.47 3.47 24 21 

TZEI146×TZEI128 -3.22 -7.46 -12.49 -11.85 15.70 13.18 23.65 19.84 16.02 15.00 15.18 14.43 10.48 9.30 24 21 

TZEI146×TZEI124 1.03 1.27 3.15 2.80 -0.29 -1.29 11.92 11.81 35.65 31.75 10.56 10.47 3.99 3.58 24 21 

TZEI16×BD74-165 -6.47 -11.9 15.22 9.04 -5.28 -5.35 9.33 9.14 36.54 34.33 14.58 13.89 4.54 1.74 23 26 

TZEI146×TZEI16  4.80 1.77 5.57 0.52 11.23 10.41 8.64 6.71 29.28 27.50 0.42 -1.16 4.51 1.09 23 26 

TZEI146×BD74-165 -1.13 -4.19 0.30 -0.34 7.16 6.45 16.25 14.39 17.96 17.66 16.81 14.29 5.64 4.98 23 26 
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TZEI11×TZEI124 -4.11 -6.83 1.43 -0.71 7.32 5.32 16.08 13.74 46.04 42.89 8.75 6.49 8.31 5.34 23 26 

TZEI11×BD74-165 2.38 -3.28 1.95 -1.14 -0.52 -0.74 16.59 15.97 20.60 19.40 15.1 15.10 7.61 4.89 23 26 

TZEI124×BD74-165 -4.37 -7.11 -4.59 -5.51 28.56 26.44 13.74 13.71 24.01 20.15 13.00 10.65 7.47 7.22 23 26 

TZEI146×TZEI12 -0.61 -2.65 0.48 -2.42 4.65 3.96 8.21 4.88 18.54 17.50 8.99 8.18 5.89 3.58 22 32 

TZEI146×TZEI8 -6.75 -10.82 -10.63 -14.03 12.18 11.61 20.22 19.36 12.45 11.75 3.47 2.79 10.32 8.26 22 32 

TZEI12×TZEI124 -4.12 -6.31 -3.30 -5.78 16.73 14.8 27.48 25.52 0.52 -1.53 23.27 22.26 13.03 10.99 22 32 

TZEI8×TZEI 16  2.84 1.23 3.70 2.60 1.98 0.73 9.70 7.00 23.21 22.28 2.77 0.49 7.55 5.99 22 32 

TZEI146×TZEI10 -4.56 -7.67 26.62 20.41 4.46 4.08 12.56 12.04 30.16 30.0 2.79 1.46 5.60 4.21 21 36 

TZEI12×BD74-165 -7.21 -11.87 -6.62 -9.88 5.35 5.35 30.32 30.29 -2.64 -3.73 13.40 10.15 5.13 3.47 21 36 

TZEI128×BD74-165 -2.11 -9.16 12.41 12.31 1.59 -1.26 9.63 4.61 28.30 26.87 9.95 6.89 3.72 1.98 21 36 

TZEI10×TZEI128 2.77 1.55 1.84 -3.83 0.14 -1.68 7.69 4.84 21.21 20.30 3.91 3.24 3.83 1.37 20 39 

TZEI10×TZEI16  -3.52 -3.90 10.76 10.60 -1.55 -2.62 5.17 2.84 9.90 8.52 10.74 7.61 5.80 3.68 20 39 

TZEI12×TZEI8 -4.63 -6.92 7.31 6.27 3.82 2.61 7.78 5.27 14.21 13.92 2.05 1.96 5.03 4.69 20 39 

TZEI128×TZEI8 -2.04 -2.06 -0.74 -5.18 1.43 -0.28 11.61 8.94 15.99 15.70 10.98 10.98 -2.51 -5.34 20 39 

TZEI16×TZEI124 1.69 -1.47 -1.50 -5.91 -8.04 -9.63 1.11 -0.58 35.77 33.68 -5.91 -7.32 1.05 -1.88 20 39 

TZEI11×TZEI16  -0.95 -1.25 -4.67 -7.03 -11.92 -12.05 -3.54 -3.88 12.39 11.68 -8.89 -9.43 0.33 0.17 18 44 

TZEI146×TZEI 11 1.78 -0.87 3.64 1.12 -9.32 -10.12 7.77 5.49 3.27 2.50 4.75 2.49 3.70 0.47 17 45 

TZEI10×TZEI124 -2.65 -6.04 32.09 26.01 -9.62 -10.20 -1.33 -1.88 1.29 -1.50 -5.82 -7.12 -1.11 -2.04 17 45 

TZEI128×TZEI11 1.01 -0.88 -1.08 -4.17 4.99 1.82 9.23 3.70 -11.82 -11.93 4.72 1.80 5.88 1.52 17 45 

TZEI10×BD74-165 -2.18 -8.20 0.73 -4.80 -4.56 -5.53 8.93 6.70 8.11 7.71 7.54 3.88 3.42 2.68 16 48 

TZEI12×TZEI128 -4.30 -6.61 -0.80 -4.35 6.35 3.37 11.14 6.02 6.87 6.87 1.72 1.64 5.35 1.98 16 48 

TZEI128×TZEI124 -2.90 -7.36 -5.15 -6.15 -4.76 -5.89 5.21 1.87 23.90 21.37 2.89 2.13 1.31 -0.15 16 48 

Maximum  6.60 4.92 63.38 62.59 41.97 40.52 54.48 53.11 51.71 50.00 40.05 39.23 28.47 26.82   

Minimum -7.21 -11.90 -26.49 -27.55 -16.03 -18.09 -3.54 -3.88 -11.82 -11.93 -8.89 -9.43 -2.51 -5.34   

MPH= mid-parent heterosis, BPH= better parent heterosis, THS= total heterosis score and RBH=rank by heterosis 
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DISCUSSION 

Variability in traits of crops creates option 

from which breeders draw samples for their 

breeding programmes. Existence of highly 

significant differences for all the seed 

morpho-traits among the hybrid maize is an 

indication of presence of large variability 

from which distinctiveness of the seeds can 

be determined. Harnessing the variability 

for the traits can facilitate identification and 

distinguishing among the various hybrids. 

Consequently, hybrid maize can be reliably 

distinguished and classified with the use of 

seed morphometric analysis.  

Adetumbi (2013) had observed variability 

in the morphometrics of maize seeds. 

Though the seed morphometrics of the 

hybrids differ considerably for all the traits, 

their CVs were low. High coefficient of 

determinations and low CVs for all the seed 

traits confirm homogeneity, consistency 

and stability of the values obtained (Shukla 

and Chandel, 2009). However, existence of 

wide ranges of values in most cases 

underscore inherent variations among the 

traits. This, therefore, suggests that 

distinguishing and selection of the hybrids 

should take into consideration multiple 

traits as selection indices.  

Significant differences have been observed 

in seed metric traits of several crops. For 

instance, Ogunmefun (2013) observed 

significant differences in some 

morphotypes of fluted pumpkin with 

respect to seed metrics and suggested that 

variation could be due to differences in the 

genetic constitution. Adetumbi et al. (2012) 

also found significant variation among seed 

morphometric of kenaf as attributed to the 

effects of genotypes.  

None of the hybrids had greater than right 

angle for SA but the SEA were obtuse 

except TZEI11×TZEI8 which SEA was an 

acute angle. This distinguishes 

TZEI11×TZEI8 from other hybrids. Some 

of the seed morphometric traits considered 

especially the SD, SP, SW, SL and SAR 

effectively described and distinguished the 

hybrids. The traits distinguished hybrids 

TZEI124×BD74-161, TZEI10×TZEI8, 

TZEI13×BD74-161 and TZEI16×BD74-

161, TZEI146×BD74-161 from the rest in 

respect of their seed dimension. The 

hybrids can be regarded as having big seeds 

in comparison with the rest based on their 

relatively larger size in the entire seed 

dimension. Hence, the seeds are expected to 

have comparatively higher germinability as 

found in some other studies.  

Various studies had proven the effect of the 

seed dimension on seed physical quality of 

hybrid maize (Peterson et al., 1995; Varga 

et al., 2012). Peterson et al. (1995) and 

Varga et al. (2012) found that seed 

dimension had effect on seed physical 

quality. They also added that medium and 

small–round grades were lower in 

germination, seed and seedling vigour than 

flat one. Larger seeds tend to germinate 

more successfully in the field and produce 

more vigorous seedlings (Bockstaller and 

Girardin, 1994). Large seeds have been 

observed to germinate earlier and more 

vigorously than medium or small seeds, 

even at different planting depths and 

temperatures (El-Abady, 2015). El-Abady 

(2015) also recorded higher seed 

emergence and seedling vigour of round 

seeds than flat ones suggesting superiority 

of larger seeds to small and medium-sized 

seeds, when planted at deeper depths and 

lower temperatures. Peterson et al. (1995) 

had also declared that round seeds are more 

susceptible to mechanical damage than the 

flat ones. 
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Associations among the seed morpho-traits 

observed in this study are adequate to 

provide conditions for concurrent selection 

using most of the traits. For instance, SA 

can be selected in place of the SEA for their 

high correlation. The SD can be reliably 

selected simultaneously with any or couple 

of SP, SL, SW, SAR and SSF because the 

relationship between the SD and other traits 

are high. The SL and SW are expected to 

have a positive and strong relationship with 

the SAR and SSF probably because the duo 

of SL and SW are factors of the SAR and 

SSF.  

Adetumbi et al. (2012) found significant 

and positive correlation among seed width, 

seed length and seed area in kenaf. 

Similarly, the SP can be selected for SW, 

SL, SAR, SSF and FIX because of the high 

correlation of the SP with the traits. This 

implies that the cost and time of selection 

during improvement programme can be 

reduced by the use of any of the related 

traits having proportional performance. 

Based on the result of this study, the SL can 

be selected for SAR and FIX but for SSF, 

the SL should be selected against due to 

their inverse relationship.  

The positive and negative estimates of the 

seed morphometric expressed by the 

crosses signify the various favourable and 

adverse contributions of the respective 

parents of the hybrids. Positive and 

negative heterosis estimates have been 

observed in agronomic, physiological and 

flowering traits of several crops. Both 

positive and negative heterosis had been 

found for grain yield in maize 

(Amiruzzaman et al., 2010; Wali et al., 

2010), fruit yield and other horticultural 

traits in pepper (Sood and Kumar, 2010). 

The wide ranges of both MPH and BPH for 

the traits of the maize in this study suggest 

that estimates can be harnessed for 

improvement of the crop through seed 

morphometric. Only 20 of the 50 hybrids 

had positive MPH, and 12 had positive 

BPH, estimates for SA meaning that greater 

than 60% of the hybrid maize expressed 

negative MPH and BPH for the trait. Thus, 

only a little can be expected in the use of 

this attribute to improve SA of maize seeds. 

The trend is similar for SEA but SD, SW 

and SL can be better improved through 

heterosis.  

A connection can be inferred between seed 

morpho-traits association and the heterosis 

expression for SA, SEA, SD, SW and SL of 

the seeds. Based on the rank of the total 

score due to heterosis estimates, it is 

evident that TZEI13×BD74-161, BD74-

165×BD74-161, TZEI124×BD74-161 and 

TZEI146×BD74-161 are promising hybrids 

with respect to expression of hybrid vigour 

in seed morphometric. Hybrids 

TZEI13×TZEI11, TZEI13×BD74-222, 

TZEI12×BD74-161 and TZEI16×BD74-

161 are also high rated genotypes. With the 

occurrence of BD74-161 in six (75%) of 

eight highest vigour expressing hybrids, the 

inbred line can be a reliable female parent 

in crosses for maize seed morphometric 

improvement. 

Based on the foregoing, seed morphometric 

can be reliably used to identify and 

distinguish hybrid maize in breeding for 

seed physical quality. The seed diameter is 

a versatile seed morpho-trait that can be 

selected in place of the seed perimeter, seed 

length and seed width. Morpho-traits have 

significant relationship with the hybrids’ 

ability to express heterosis of the traits of 

the hybrid maize. The crosses involving 

inbred lines TZEI13 and BD74-161 are 

capable of expressing high vigour over their 

parents. Hence, they are recommended for 
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hybrid maize development for seed 

production.  
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Appendix 1: Score index for heterotic ranks for some morpho-traits of selected yellow kernel single cross hybrid maize 

Hybrid 
Seed angle 

Seed embryo 

angle 
Diameter Perimeter Thickness Width Length 

THS RBH 

MPH BPH MPH BPH MPH BPH MPH BPH MPH BPH MPH BPH MPH BPH 

TZEI13×BD74-161 3 3 1 1 3 3 3 3 2 2 3 3 3 3 36 1 

BD74165×BD74-161 1 1 2 2 3 3 3 3 2 2 3 3 3 3 34 2 

TZEI124×BD74-161 1 2 1 1 3 3 3 3 2 2 3 3 3 3 33 3 

TZEI146×BD74-161 2 3 1 1 2 2 2 2 3 3 3 3 2 2 31 4 

TZEI13×TZEI 11 2 2 2 2 2 2 2 2 3 3 2 2 2 2 30 5 

TZEI13×BD74222 3 3 2 2 2 2 2 2 2 2 2 2 2 2 30 5 

TZEI12×BD74-161 1 1 1 1 3 3 2 2 3 3 2 2 3 3 30 5 

TZEI16×BD74-161 1 1 1 1 3 3 3 3 1 1 3 3 3 3 30 5 

TZEI12×TZEI11 3 3 3 3 2 2 1 2 1 1 2 2 2 2 29 9 

TZEI13×TZEI128 3 3 3 3 1 1 2 2 1 1 2 2 2 2 28 10 

TZEI13×TZEI 16  2 2 2 2 2 2 2 2 2 2 2 2 2 2 28 10 

TZEI10×TZEI12 3 3 2 2 2 2 1 1 2 2 2 2 2 2 28 10 

TZEI10×BD74-161 2 2 2 2 2 2 2 2 2 2 2 2 2 2 28 10 

TZEI11×BD74-161 1 2 1 1 3 3 2 2 2 2 2 2 3 2 28 10 

TZEI13×TZEI10 2 3 2 2 2 2 2 2 1 1 2 2 2 2 27 15 

TZEI128×TZEI16  3 3 2 1 2 2 2 1 3 3 2 1 1 1 27 15 

TZEI10×TZEI8 2 2 1 1 3 3 2 2 1 1 1 1 2 3 25 17 

TZEI8×BD74-165 3 2 2 2 1 1 1 1 3 3 2 2 1 1 25 17 

TZEI13×TZEI12 2 2 2 2 1 1 2 2 1 1 2 2 2 2 24 19 

TZEI13×TZEI124 1 1 1 1 2 2 2 2 2 2 2 2 2 2 24 19 

TZEI13×BD74-165 3 2 2 1 1 1 1 1 3 3 2 2 1 1 24 21 

TZEI146×TZEI128 1 1 1 1 2 2 2 2 2 2 2 2 2 2 24 21 

TZEI146×TZEI124 2 3 1 2 1 1 1 1 3 3 2 2 1 1 24 21 

TZEI12×TZEI16  2 1 1 1 3 3 2 2 1 1 1 1 2 3 24 21 

TZEI11×TZEI8 1 1 1 1 2 2 2 2 3 3 1 1 2 2 24 21 

TZEI146×TZEI 16  3 3 2 1 2 2 1 1 2 2 1 1 1 1 23 26 

TZEI146×BD74-165 2 2 1 1 2 2 2 1 2 2 2 2 1 1 23 26 

TZEI11×TZEI124 1 1 1 1 2 2 2 1 3 3 2 1 2 1 23 26 

TZEI11×BD74-165 3 2 1 1 1 1 2 2 2 2 2 2 1 1 23 26 

TZEI124×BD74-165 1 1 1 1 3 3 1 1 2 2 2 2 1 2 23 26 

TZEI8×TZEI 16  3 3 2 2 1 1 1 1 2 2 1 1 1 2 23 26 
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TZEI146×TZEI12 2 2 1 1 2 2 1 1 2 2 2 2 1 1 22 32 

TZEI146×TZEI8 1 1 1 1 2 2 2 2 2 2 1 1 2 2 22 32 

TZEI12×TZEI124 1 1 1 1 2 2 2 2 1 1 2 2 2 2 22 32 

TZEI16×BD74-165 1 1 2 2 1 1 1 1 3 3 2 2 1 1 22 32 

TZEI146×TZEI10 1 1 2 2 2 2 1 1 2 3 1 1 1 1 21 36 

TZEI12×BD74-165 1 1 1 1 2 2 2 2 1 1 2 2 1 2 21 36 

TZEI128×BD74-165 2 1 2 2 1 1 1 1 2 2 2 2 1 1 21 36 

TZEI10×TZEI128 3 3 1 1 1 1 1 1 2 2 1 1 1 1 20 39 

TZEI10×TZEI16  1 2 2 2 1 1 1 1 2 1 2 2 1 1 20 39 

TZEI12×TZEI8 1 1 2 2 2 2 1 1 2 2 1 1 1 1 20 39 

TZEI128×TZEI8 2 2 1 1 1 1 1 1 2 2 2 2 1 1 20 39 

TZEI16×TZEI124 2 2 1 1 1 1 1 1 3 3 1 1 1 1 20 39 

TZEI11×TZEI16  2 2 1 1 1 1 1 1 2 2 1 1 1 1 18 44 

TZEI146×TZEI 11 2 2 2 1 1 1 1 1 1 1 1 1 1 1 17 45 

TZEI10×TZEI124 1 2 2 2 1 1 1 1 1 1 1 1 1 1 17 45 

TZEI128×TZEI11 2 2 1 1 2 1 1 1 1 1 1 1 1 1 17 45 

TZEI10×BD74-165 2 1 1 1 1 1 1 1 1 1 2 1 1 1 16 48 

TZEI12×TZEI128 1 1 1 1 2 2 1 1 1 1 1 1 1 1 16 48 

TZEI128×TZEI124 1 1 1 1 1 1 1 1 2 2 1 1 1 1 16 48 

MPH= mid-parent heterosis, BPH= better parent heterosis, THS= total heterosis score and RBH=rank by heterosis 
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Appendix 2: Score index of heterosis estimates of some seed morpho-traits of selected 

yellow kernel single cross hybrid maize 

 

 

Seed morpho-trait Type of heterosis 
Score 1 

( x ≤) 

Score 2 

(x = from - to -) 

Score 3 

( x ≥) 

Seed angle 
Mid-parent -7.21 -2.60 to 2.00 6.60 

Better parent -11.90 -6.29 to -0.69 4.92 

Seed embryo angle 
Mid-parent -26.49 3.46 to 33.42 63.38 

Better parent -27.55 2.49 to 32.54 62.59 

Seed diameter 
Mid-parent -16.03 3.31 to 22.64 41.97 

Better parent -18.09 1.44 to 20.98 40.52 

Seed perimeter 
Mid-parent -3.54 15.80 to 35.14 54.48 

Better parent -3.88 15.11 to 34.11 53.11 

Seed thickness 
Mid-parent -11.82 9.35 to 30.53 51.71 

Better parent -11.93 8.72 to 29.36 50.00 

Seed width 
Mid-parent -8.89 7.43 to 23.74 40.05 

Better parent -9.43 6.79 to 23.10 39.23 

Seed length 
Mid-parent -2.51 7.81 to 18.14 28.47 

Better parent -5.34 5.38 to 16.10 26.82 
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