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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 TZEI13xBD74-161, BD74-165%BD74-161, TZEI124xBD74-161 and TZEI146xBD74-161
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.
Key words: Heterosis, hybrid maize, morphometric, seed dimension, seed metric, seed quality

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
(Chenetal., 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 (Veho™ 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
x35 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 x seed width; shape
factor (SSF) as using 4nA/C? 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 Fl=

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:
F, —MP

MPH = x 100
MP

and

BPH =222, 100

Where, F1 was the value for a seed trait of a
hybrid, MP = (P1 + P2) + 2 in which Py and
P> 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 cm? whereas
respective ranges for SSF, FIX and EIX
were 0.74 t0 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 El 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 TZEI12xTZEI11 was
among the hybrids that had highest SA
(89.25°) and SEA (178.88°), whereas
TZEI12XTZEI16 and TZEI11xTZEI8
respectively had the least SA (74.48°) and
SEA (79.71°). Hybrids TZEI16xBD74-
161, TZEI13xBD74-161, TZEI10xTZEI8
and TZEI124xBD74-161 had the highest
SD which were greater than 9 cm whereas
TZEI13xTZEI128 and TZEI11xTZEI16
had the least (less than 6 cm).

The SP was highest in TZEI124xBD74-
161, TZEI13xBD74-161 and
TZEI16xBD74-161 (greater than 30 cm)
but least in TZEI11xTZEI16 (less than 20
cm). Only TZEI146xBD74-161 had ST
equal to 6.0 cm and TZEI10xTZEI124,
TZEI12xTZEI124, TZEI12xBD74-165
and TZEI128xTZEI11 had least ST which
were less than 4.0 cm. For SW,
TZEI13xBD74161, TZEI124xBD74-161
and TZEI146xBD74-161 had the highest
whereas TZEI124xBD74-161,
TZEI13xBD74-161, TZEI16xBD74-161
and BD74-165xBD74-161 were among the
hybrids that had highest SL. It was also
found that TZEI13xBD74-161 and TZEI
124xBD74-161 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 82.15° 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 mm?). 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 of Seed anale Seed embryo Seed Seed Seed Seed Seed Seed Seed shape  Flatness Eccentric
variation g angle diameter  perimeter thickness  width length area factor index index
Hybrids

Genotype 49 1603.87"" 834.65 2.49™ 19.10™ 0.90™" 1.18™ 053" 133.69"" 0.03™ 0.12"" 0.02"
Replicate 2 361 538.10 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
R? 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™ 2517 0.03" 3401 0.007"
Replicate 2 2239 114.19 0.01 0.17 0.0003 0.001 0.01 0.11 0.02 3.53 0.001
Error 22 1542 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
R? 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 R?=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 SP ST SW SL SA SSE EIX EIX

() () ___(mm) (mm) (mm) (mm) (mm) (mm?)
TZEI13xTZEI10 80.85 108.27 7.62 2443 433 679 688 4669 098 158 101
TZEI13xTZEI12 8112 13475 673 2512 420 6.86 699 4798 096 165 1.02
TZEI13xTZEI128 8140 16123 584 2581 407 695 711 4935 093 174 102
TZEI13xTZEI11 79.79 13411 7.79 2479 537 643 694 4461 091 127 1.08
TZEI13xTZEI16 7822 10882 745 2421 447 671 677 4538 097 156 101

TZEI13xTZEI124 80.14 10686 7.68 26.21 453 665 692 4599 086 150 1.04
TZEI13xBD74-165 88.77 11688 6.74 2240 550 660 656 4330 108 120 0.99
TZEI13xBD74-161 84.65 107.21 9.47 3053 467 834 785 6545 088 173 0.94
TZEI13xBD74-222 8335 12323 804 2611 507 723 715 5191 095 142 099
TZEI146xTZEI10 78.62 13924 715 2326 520 6.27 6.69 4199 098 125 107
TZEI146xTZEI12 8289 11284 7.09 2299 470 661 665 4402 105 142 101
TZEI146xTZEI128 78.80 10194 8.07 2627 460 698 717 5007 091 154 103
TZEI146xTZEI 11 8441 11694 6.13 2170 410 6.17 645 3979 106 155 1.05
TZEI146xTZEI8 7594 9942 769 2491 447 627 695 4356 088 148 111
TZEI146xTZEI16 86.66 11624 753 2195 510 595 649 3861 101 122 112
TZEI146xTZEI124 86.23 11888 6.87 2300 527 665 665 4418 105 127 1.00
TZEI146xBD74-165 86.96 116.74 7.26 2353 473 688 6.74 4638 105 144 098
TZEI146xBD74-161  86.55 11382 7.88 2642 600 789 719 5673 102 126 091

TZEI10xTZEI12 8299 12718 729 2383 477 712 681 4846 107 147 096
TZEI10xTZEI128 80.83 11285 7.01 2298 480 638 6.65 4240 101 136 1.04
TZEI10xTZEI8 72.74 9492 937 2553 427 575 734 4166 081 154 132
TZEI10xTZEI16 7710 11567 6.69 2135 433 665 648 4311 119 154 0.98
TZEI10xTZEI124 80.39 14474 625 2037 393 574 624 3580 109 153 1.09

TZEI10xBD74-165 8332 11152 649 2215 433 642 651 4182 107 149 101
TZEI10xBD74-161 81.09 12197 801 2594 480 705 710 5004 094 147 101

TZEI12xTZEI128 76.25 11224 737 2324 420 621 669 4151 097 15 1.08
TZEI12xTZEI11 89.25 17888 737 2326 410 701 685 4797 112 170 0.98
TZEI12xTZEI8 76.00 11579 7.07 2197 450 6.23 647 4032 105 141 104
TZEI12xTZEI16 7448 9760 831 2641 400 624 719 4484 081 168 115
TZEI12xTZEI124 80.16 108.22 799 2577 387 747 707 5276 100 188 0.95

TZEI12xBD74-165 79.99 10557 7.09 2594 387 673 656 4455 083 172 097
TZEI12xBD74-161 78.65 10557 835 2710 523 710 729 5174 089 138 1.03

TZEI128xTZEI11 80.01 11245 726 2273 347 621 666 4134 101 187 1.07
TZEI128xTZEI8 76.13 11126 711 2388 457 677 621 4208 093 142 092
TZEI128xTZEI16 84.18 11694 756 2418 543 648 6.75 4373 095 122 105

TZEI128xTZEI124 79.26 11012 6.71 2233 477 623 655 4076 1.03 134 1.05
TZEI128xBD74-165 8245 13179 7.04 2293 510 652 669 4360 1.04 130 1.03

TZEI11xTZEI8 7525 7971 829 2603 560 55 714 3970 074 113 128
TZEI11xTZEI16 79.71 10229 591 19.07 440 528 6.03 3183 110 130 114
TZEI11xTZEI124 79.72 11405 733 2335 563 640 671 4297 099 117 105

TZEI11xBD74-165 87.78 11580 6.68 2309 480 663 665 4403 104 139 1.00
TZEI11xBD74-161 79.68 9734 846 26.64 463 689 723 4987 088 153 1.05

TZEI8xTZEI16 81.22 109.63 694 2233 483 6.13 655 4011 101 131 107
TZEI8xBD74-165 86.63 131.67 6.79 2261 540 749 659 4939 122 131 0.89
TZEI16xTZEI124 8430 108.07 6.29 2041 520 557 6.25 3479 105 114 113

TZEI16xBD74-165 79.96 12773 6.37 2173 540 664 645 4281 114 121 0.97
TZEI16xBD74-161 77.03 10853 964 3049 420 755 783 59.07 087 183 104
TZEI124xBD74-165  84.31 110.68 880 2264 483 665 683 4537 111 140 1.03
TZEI124xBD74-161  77.35 9447 921 3102 430 817 793 6483 085 188 0.97
BD74165xBD74-161 88.83 131.80 868 2785 500 740 772 5712 093 152 104
Mean 81.25 116.09 746 2426 470 666 684 4573 099 146 1.04
LSD 829 3913 143 194 058 065 0.46 532 016 021 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

. o SEA SD SP ST SW SL SA

Inbred line SA (°) ) mm) (mm) (mm) (mm) (mm) (mm?) SSF FIX EIX

TZEI13 79.60 10268 6.78 2021 393 599 610 10.82 3.69 15.45 0.89
TZEI146 85.15 11564 6.82 2057 400 6.02 642 12.04 3.77 14.02 0.97
TZEI10 79.60 10429 687 2076 399 6.18 625 11.93 3.70 14.14 0.89
TZEI12 8165 10896 673 1990 393 611 614 11.35 3.88 15.56 0.87
TZEI128 7770 11734 713 2192 393 6.10 656 12.83 349 16.79 1.00
TZEI11 80.72  110.02 6.70 19.70 394 576 6.02 9.84 3.68 1431 0.93
TZEI8 7773 10685 6.89 2087 395 610 6.18 1143 3.58 15.28 0.89
TZEI16 80.23 10458 6.72 1984 389 583 6.00 9.98 3.66 16.29 0.90
TZEI124 85,56 11486 696 2053 377 6.01 637 11.83 3.75 25.23 0.96
BD74-165 90.76 11714 6.73 1991 402 576 634 10.89 3.80 12.80 1.03
BD74-161 8457 11284 686 2026 391 592 619 1091 3.69 16.27 0.93
BD74-222 8251 11705 6.88 2086 386 6.17 6.38 12.40 3.73  20.35 0.92
Mean 8215 111.02 6.84 2044 393 599 625 11.35 3.70 16.38 0.93
LSD 6.65 1278 017 068 0.07 035 0.16 1.33 0.19 3.18 0.10

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 a strong positive correlation with SAR (r =

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

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
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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
TZEI8XTZEI161 top the list with greater
than 5% MPH and BPH and the trend was
similar for SEA.

Hybrids TZEI16xBD74-161,
TZEI13xBD74-161, TZEI10xTZEI8 and
TZEI124x BD74-161 had highest heterosis
estimates for SD with MPH and BPH
greater than 30% whereas
TZEI13xTZEI128 had the least MPH (-
16.03%) and TZEI146xBD74-165 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
TZEI124xBD74-161, TZEI16xBD74-161
and TZEI13xBD74-161 having greater

than 50% heterosis percentage. The MPH
estimates for ST in all the hybrids were
positive except for TZEI12xBD74-165 and
TZEI128xTZEI11 which also had negative
BPH estimates. Hybrids TZEI146xBD74-
161, TZEI11xTZEI8, TZEI11xTZEI124
had the highest estimates (> 40%) recorded
for the trait. The trend of SW was similar to
SL where TZEI13xBD74-161,
TZEI13xBD74-161 and TZEI16xBD74-
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, TZEI13xBD74-161,
BD74-165xBD74-161, TZEI124xBD74-
161 and TZEI146xBD74-161 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

Seed _ Seed embryo _Seed S_eed _Seed Sged Seed Seed area Shape F_Iatness
morphometric angle angle diameter perimeter thickness  width length factor 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™ 0717 0.05

Seed length 0.18 -0.17 0.85™ 0.94™ -0.03 0.677

Seed area 0.21 0.01 0.677 0.877 0.02 0.95™ 0.87""*

Seed shape factor 0.04 0477  -0.627"  -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

Seed embryo

Hybrid Seed angle angle Diameter Perimeter Thickness Width Length THS RBH
MPH BPH MPH BPH MPH 3PH MPH PH 1PH }PH PH H IPH H

TZEI13xBD74-161 3.12 0.09 -0561 -499 3886 3805 5088 5069 19.13 18.83 40.05 39.23 27.75 2682 36 1
BD74165xBD74-161 -4.37 -7.64 14.62 1251 27.74 2653 38.66 37.46 26.10 2438 26.71 25.00 2322 2177 34 2
TZEI124xBD74-161 -554 -6.09 -17.02 -17.75 3329 32.33 54.48 5311 1198 9.97 36.97 35.94 26.27 2449 33 3
TZEI146xBD74-161 1.99 1.64 -0.37 -157 1520 1487 2941 2844 5171 50.00 3216 31.06 14.04 1199 31 4
TZEI13xTZEI11 -046 -1.15 26.10 2190 1558 1490 2423 2266 3647 36.29 9.45 7.35 1452 1377 30 5
TZEI13xBD74-222 2.83 1.02 12.16 5.28 17.72 1686 27.15 25.17 30.17 29.01 1891 17.18 1458 1207 30 5
TZEI12xBD74-161 537 -7.00 -481 -644 2288 2172 349 33.76 3342 33.08 18.04 16.20 1825 17.77 30 5
TZEI16xBD74-161 -6.52 -8.92 -017 -3.82 4197 4052 5207 5049 7.69 7.42 2851 2753 2847 2649 30 5
TZEI12xTZEI11 5.01 4.41 63.38 62.59 9.75 9.51 17.47 16.88 4.19 4.06 18.11 14.73 1266 1156 29 9
TZEI13xTZEI128 3.50 2.26 46,56 37.40 -16.03 -18.09 2253 17.75 3.56 3.56 1497 1393 1232 8.38 28 10
TZEI13xTZEI16 212 -251 501 4.05 10.37 9.88 2090 19.79 1432 13.74 1354 12.02 1190 1098 28 10
TZEI10xTZEI12 2.93 1.64 19.28 16.72 7.21 6.11 11.67 8.71 2045 1955 1587 15.21 9.93 8.96 28 10
TZEI10xBD74-161 -1.21  -411 1235 8.09 16.68 16.59 26.47 2495 2152 20.30 16.53 14.08 14.15 1360 28 10
TZEI11xBD74-161 -359 578 -12.64 -13.74 2478 2332 3333 3149 1796 1751 1798 16.39 1843 16.80 28 10
TZEI13xTZEI10 1.57 1.57 4,62 3.82 11.65 1092 19.26 17.68 9.34 8.52 11.59 9.87 11.42 10.08 27 15
TZEI128xTZEI16 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
TZEI10xTZEI8 0.35 -0.83 -10.09 -11.17 36.19 3599 2265 2233 7.56 7.02 -6.35 -6.96 18.10 1744 25 17
TZEI8xBD74-165 2.83 -455 1757 1240 -029 -1.45 10.89 8.34 3551 3433 26.31 2279 5.27 3.94 25 17
TZEI12xTZEI16 -1.80 -2.66 -859 -1043 2357 2348 3291 3271 230 1.78 452 2.13 18.45 17.10 24 19
TZEI11xTZEI8 -5.02 -6.78 -26.49 -2755 2200 20.32 2832 2472 4195 4177 -6.24 -885 17.05 1553 24 19
TZEI13xTZEI12 0.61 -0.65 2734 2367 -037 -0.74 2526 2429 6.87 6.87 13.39 1227 1422 1384 24 21
TZEI13xTZEI124 29 -633 -1.76 -697 11.79 10.34 28.67 27.67 1766 1527 10.83 1065 10.99 8.63 24 21
TZEI13xBD74-165 421 -2.19  6.34 -0.22 -022 -059 11.67 10.84 3836 36.82 12.34 10.18 5.47 3.47 24 21
TZEI146xTZEI128 -3.22 -746 -1249 -11.85 15.70 13.18 23.65 19.84 16.02 15.00 1518 14.43 1048 9.30 24 21
TZEI146xTZEI124 1.03 1.27 3.15 2.80 -029 -129 1192 1181 3565 31.75 1056 1047 3.99 3.58 24 21
TZEI16xBD74-165 -6.47 -11.9 1522 9.04 528 535 9.33 9.14 3654 34.33 1458 13.89 454 1.74 23 26
TZEI146xTZEI16 4.80 1.77 5.57 0.52 11.23 1041 8.64 6.71 29.28 2750 0.42 -1.16 451 1.09 23 26
TZEI146xBD74-165 -1.13 -4.19 0.30 -0.34 7.16 6.45 16.25 1439 1796 1766 16.81 1429 5.64 4,98 23 26
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TZEI11xTZEI124 -411 -6.83 143 -0.71 732 5.32 16.08 13.74 46.04 42.89 8.75 6.49 8.31 5.34 23 26
TZEI11xBD74-165 2.38 -3.28 1.95 -1.14  -052 -0.74 1659 1597 20.60 19.40 15.1 1510 7.61 4.89 23 26
TZEI124xBD74-165 -437 -7.11 -459 -551 2856 2644 1374 1371 2401 20.15 13.00 10.65 7.47 7.22 23 26
TZEI146xTZEI12 -0.61 -265 048 -242  4.65 3.96 8.21 4.88 18.54 1750 8.99 8.18 5.89 3.58 22 32
TZEI146xTZEI8 -6.75 -10.82 -10.63 -14.03 12.18 11.61 20.22 19.36 1245 1175 347 2.79 10.32 8.26 22 32
TZEI12xTZEI124 -412 -631 -330 -5.78 16.73 1438 2748 2552 0.52 -153 2327 2226 13.03 1099 22 32
TZEI8XTZEI 16 2.84 1.23 3.70 2.60 1.98 0.73 9.70 7.00 2321 2228 2.77 0.49 7.55 5.99 22 32
TZEI146xTZEI10 -456 -7.67 26.62 2041 4.46 4.08 1256 12.04 30.16 30.0 2.79 1.46 5.60 421 21 36
TZEI12xBD74-165 -7.21  -11.87 -6.62 -9.88 5.35 5.35 30.32 3029 -264 -3.73 1340 1015 5.13 3.47 21 36
TZEI128xBD74-165 -2.11 -9.16 1241 1231 1.59 -1.26  9.63 4.61 28.30 26.87 9.95 6.89 3.72 1.98 21 36
TZEI10xTZEI128 2.77 1.55 1.84 -3.83 0.14 -1.68  7.69 4.84 2121 2030 3.91 3.24 3.83 1.37 20 39
TZEI10xTZEI16 -352 -390 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
TZEI12xTZEI8 -463 -6.92 731 6.27 3.82 2.61 7.78 5.27 1421 1392 2.05 1.96 5.03 4.69 20 39
TZEI128xTZEI8 -204 -206 -074 -518 143 -0.28 1161 8.94 1599 1570 1098 1098 -251 -534 20 39
TZEI16XTZEI124 1.69 -1.47 -150 -591 -804 -9.63 111 -058 3577 3368 -591 -732 105 -1.88 20 39
TZEI11xTZEI16 -0.95 -125 -467 -7.03 -11.92 -1205 -354 -3.88 1239 1168 -8.89 -943 0.33 0.17 18 44
TZEI146xTZEI 11 1.78 -0.87 3.64 1.12 -9.32 -1012 7.77 5.49 3.27 2.50 4.75 2.49 3.70 0.47 17 45
TZEI10xTZEI124 -265 -6.04 3209 2601 -962 -1020 -133 -1.88 1.29 -150 -582 -712 -111 -204 17 45
TZEI128xTZEI11 1.01 -0.88 -1.08 -417 499 1.82 9.23 3.70 -11.82 -11.93 4.72 1.80 5.88 1.52 17 45
TZEI110xBD74-165 -218 -8.20 0.73 -480 -456 -553 893 6.70 8.11 7.71 7.54 3.88 3.42 2.68 16 48
TZEI12xTZEI128 -430 -661 -080 -435 6.35 3.37 11.14 6.02 6.87 6.87 1.72 1.64 5.35 1.98 16 48
TZEI128xTZEI124 -290 -736  -515 615 476 -5.89 521 1.87 2390 2137 2.89 2.13 1.31 -0.15 16 48
Maximum 6.60 4.92 63.38 6259 4197 4052 5448 5311 51.71 50.00 40.05 39.23 2847 26.82

Minimum -7.21  -11.90 -26.49 -2755 -16.08 -18.09 -354 -3.88 -11.82 -11.93 -8.89 -943 -251 -534

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 TZEI11xTZEI8 which SEA was an
acute angle. This distinguishes
TZEI11xTZEI8 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
TZEI124xBD74-161, TZEI10XTZEIS,
TZEI13xBD74-161 and TZEI16xBD74-
161, TZEI146xBD74-161 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 Kkenaf.
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 TZEI13xBD74-161, BD74-
165xBD74-161, TZEI124xBD74-161 and
TZEI146xBD74-161 are promising hybrids
with respect to expression of hybrid vigour
in seed morphometric. Hybrids
TZEI13xTZEI11, TZEI13xBD74-222,
TZEI12xBD74-161 and TZEI16xBD74-
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

Seed embryo

Hybrid Seed angle angle Diameter Perimeter Thickness THS  RBH
MPH BPH MPH BPH MPH BPH MPH BPH MPH BPH MPH PH MPH BPH
TZEI13xBD74-161 3 3 1 1 3 3 3 3 2 2 3 3 3 3 36 1
BD74165xBD74-161 1 1 2 2 3 3 3 3 2 2 3 3 3 3 34 2
TZEI124xBD74-161 1 2 1 1 3 3 3 3 2 2 3 3 3 3 33 3
TZEI146xBD74-161 2 3 1 1 2 2 2 2 3 3 3 3 2 2 31 4
TZEI13xTZEI 11 2 2 2 2 2 2 2 2 3 3 2 2 2 2 30 5
TZEI13xBD74222 3 3 2 2 2 2 2 2 2 2 2 2 2 2 30 5
TZEI12xBD74-161 1 1 1 1 3 3 2 2 3 3 2 2 3 3 30 5
TZEI16xBD74-161 1 1 1 1 3 3 3 3 1 1 3 3 3 3 30 5
TZEI12xTZEI11 3 3 3 3 2 2 1 2 1 1 2 2 2 2 29 9
TZEI13xTZEI128 3 3 3 3 1 1 2 2 1 1 2 2 2 2 28 10
TZEI13xTZEI 16 2 2 2 2 2 2 2 2 2 2 2 2 2 2 28 10
TZEI10xTZEI12 3 3 2 2 2 2 1 1 2 2 2 2 2 2 28 10
TZEI10xBD74-161 2 2 2 2 2 2 2 2 2 2 2 2 2 2 28 10
TZEI11xBD74-161 1 2 1 1 3 3 2 2 2 2 2 2 3 2 28 10
TZEI13xTZEI10 2 3 2 2 2 2 2 2 1 1 2 2 2 2 27 15
TZEI128xTZEI16 3 3 2 1 2 2 2 1 3 3 2 1 1 1 27 15
TZEI10xTZEI8 2 2 1 1 3 3 2 2 1 1 1 1 2 3 25 17
TZEI8xBD74-165 3 2 2 2 1 1 1 1 3 3 2 2 1 1 25 17
TZEI13xTZEI12 2 2 2 2 1 1 2 2 1 1 2 2 2 2 24 19
TZEI13xTZEI124 1 1 1 1 2 2 2 2 2 2 2 2 2 2 24 19
TZEI13xBD74-165 3 2 2 1 1 1 1 1 3 3 2 2 1 1 24 21
TZEI146xTZEI128 1 1 1 1 2 2 2 2 2 2 2 2 2 2 24 21
TZEI146xTZEI124 2 3 1 2 1 1 1 1 3 3 2 2 1 1 24 21
TZEI12XTZEI16 2 1 1 1 3 3 2 2 1 1 1 1 2 3 24 21
TZEI11xTZEI8 1 1 1 1 2 2 2 2 3 3 1 1 2 2 24 21
TZEI146xTZEI 16 3 3 2 1 2 2 1 1 2 2 1 1 1 1 23 26
TZEI146xBD74-165 2 2 1 1 2 2 2 1 2 2 2 2 1 1 23 26
TZEI11xTZEI124 1 1 1 1 2 2 2 1 3 3 2 1 2 1 23 26
TZEI11xBD74-165 3 2 1 1 1 1 2 2 2 2 2 2 1 1 23 26
TZEI124xBD74-165 1 1 1 1 3 3 1 1 2 2 2 2 1 2 23 26
TZEI8XTZEI 16 3 3 2 2 1 1 1 1 2 2 1 1 1 2 23 26
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TZEI146xTZEI12
TZEI146xTZEI8
TZEI12xTZEI124
TZEI16xBD74-165
TZEI146xTZEI10
TZEI12xBD74-165
TZEI128xBD74-165
TZEI10xTZEI128
TZEI10xTZEI16
TZEI12xTZEI8
TZEI128xTZEI8
TZEI16xTZEI124
TZEI11xTZEI16
TZEI146xTZEI 11
TZEI10xTZEI124
TZEI128xTZEI11
TZEI10xBD74-165
TZEI12xTZEI128
TZEI128xTZEI124

P NNEFENMNNMNNNRPRPONMNRPRPERRERPREREDN

=

P FEPNNMNNMNNMNNNDNNENORPRPRPRRERPEDN

(BN

PR ERPNNERPRPRPNNENERENNRE R R

(BN

PRPRPNRPRPRPRPNNNNRPNRPNONNR R R

=

NFRPNNRPRRPRRPRPRPNNRPRPEPNONNRERNDNON

=

NRPRPRPRPRPRPREPNRPRPREPNOMNNRNDNON

(BN

PR RPRRPRRPRPRPRPRPRPRPRPERPNRPRPNONR

RPRPRRPRPRRPRPRPRPRPRPREPREPNRLPENONR

(BN

NEFPRPFPRPEPEPNODNNMNNNNENOREREDNDDND

NFPFRFRPFRPFPEPNODNNMNENNRPRPOOEREDNDDND

RPRPNRPRPPRPRPEPNNRPNRPNONNERENDNREN

RPRPRRPRPRPRPRPERPNNREPNMNENNNENONRN

PR RPRRPRRPRPRPRRPRPREPRPRPRPREPRPRELPNONR

PRPRRPRRPRPRPRPRRPRPRPRPEPRPNRPENNRE

22
22
22
22
21
21
21
20
20
20
20
20
18
17
17
17
16
16
16

32
32
32
32
36
36
36
39
39
39
39
39
44
45
45
45
48
48
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

. . Score 1 Score 2 Score 3
Seed morpho-trait ~ Type of heterosis (x<) (x = from - 0 ) (x>)
Seed angle Mid-parent -7.21 -2.60 t0 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 10 32.54 62.59
Seed diameter Mid-parent -16.03 3.31t0 22.64 41.97
Better parent -18.09 1.44 10 20.98 40.52
Seed perimeter Mid-parent -3.54 15.80 to 35.14 54.48
Better parent -3.88 15.11t0 34.11 53.11
Seed thickness Mid-parent -11.82 9.35t0 30.53 51.71
Better parent -11.93 8.72 10 29.36 50.00
Seed width Mid-parent -8.89 7.431023.74 40.05
Better parent -9.43 6.79 t0 23.10 39.23
Seed length Mid-parent -2.51 7.81t018.14 28.47
Better parent -5.34 5.381016.10 26.82
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