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ABSTRACT

A sound breeding program for maize improvement is very important to meet the demands of the
growing population. Therefore, combining ability and heterosis were studied in a 4 x 4 full diallel cross
in maize for growth attributes, yield and its contributing traits. Randomized Complete Block Design
(RCBD) with four replicates was used to study the general combining ability of parents, specific
combining ability of F1s (including reciprocals) and heterosis of the F1s over commercial check variety
on selected agronomic characters. Genotype was highly significant for all the traits studied. The
combining abilities (GCA and SCA) and reciprocal mean squares were highly significant for most
studied characters. The ratio of GCA/SCA was not less than unity for studied traits excepted for days
to anthesis and ear height. The results indicated that the additive genetic effects were more important
and played major role in studied traits. Thus, results revealed GCA effects for the parental lines (PL).
Where ‘PL2’ was excellent combiner for number of tassels and cob circumference and ‘PL3’ was good
combiner for days to silking and grain yield (th). While ‘PL4’ for short height. Majority of the Fls
from the GCA effects showed high SCA effects. This F1 (PL2 x PL3) performed best amongst.
However, several reciprocals were not desirable. Heterosis estimation was carried out using a
commercial check, Oba super I1I. When commercial check was used, the percent heterosis especially
on grain yield varied from -8.89 to 22.62%. Among the twelve Fls, nine of the crosses exhibited
significant positive heterosis for grain yield (th). Those F1s that showed significant positive and/ot
negative desirable traits for SCA effects and significant positive heterosis could be used for varietal
development in maize breeding. And conservation of those parents that exhibited high GCA effects

be considered as well.
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Introduction

(food, income, self-reliance, etc.) for millions of

Maize (Zea mays L.) is one of the major cereal
crops belonging to the order- Oales, family-
Poaceae, and sub family- Panicoideae. 1t is grown
virtually all over the world especially in the humid
tropics and Sub-Saharan Africa. Maize is a
versatile crop with third ranking position after
wheat and rice in world production [1]. Maize
crop forms fundament source of livelihood

people in many nations of the world. It is
produced widely in Nigeria, where it is consumed
cooked, roasted, fried, pounded, baked or
fermented [2]. In advanced countries, not limited
by the list such as United States, China, and
Europe, maize is a significant source of several
industrial products like corn flour, corn sugar,
starch, corn oil, syrup, alcohol and brewer’s grit

[3].
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Combining ability studies offer information on
the the
inheritance of traits and assist the breeders to

genetic  mechanisms  governing
choose suitable lines (parents) for further crop
improvement. In biometrical genetics, the two
abilities
combining ability (GCA) and specific combining
ability (SCA). General combining ability defined

as the average performance of the genotype in a

types of combining are general

series of hybrid combinations and is a measure of
additive gene effect. While specific combining
ability refers to the performance of the genotype
in a specific cross in relation to the formal and is
a measure of non-additive gene effect [4]. Diallel
mating models designed by Griffing [5] and
Gardner and Eberhart [6], are the standard
models used in combining ability analyses.
Combining ability in maize grain yield has been
studied exclusively and the findings have been
extensively used in maize breeding programs [7]
— [10]. Combining ability analyses as adopted in
maize breeding programs are for the estimate of
GCA

populations for genetic diversity evaluation,

and SCA information from maize

heterotic pattern classification and estimation,
inbred line selection, and hybrid development [7],
[9], [10]. Rojas and Sprague [11], reported that the
value of an inbred line in the commercial hybrid
maize depends on two factors. The characteristic
of the line itself with regard to pollen shedding,
yvielding ability, disease resistance, etc. and the
behavior of the line in hybrid combinations. Over
the decades, the combining ability concept has
become increasingly imperative not only in maize
breeding programs but as well in other crops.

Heterosis refers to the phenomenon that progeny
of diverse varieties of a species or crosses
between species exhibit greater performance over
the like

overdominance and pseudo-overdominance can

parents; and models dominance,
be used to explain it. Heterosis and combining
ability are considered as the prerequisites for
developing an economically viable species (esp.
maize variety). The phenomenon of heterosis has
been exploited widely in plant breeding
programs, leading to significant yield increase. It
is adopted describing this phenomenon when the
parents evolve from different populations of the

same species, however, hybrid vigour explains

the concept when the parents are from different
species [12]. Remarkably, the heterosis of mules
— “the ability to perform additional work with
fewer was widely utilized in
[13].

Heterosis and inbreeding depression in maize

resources,”’
agriculture  preceding  mechanization
was originally documented by C. G. Hopkins [14]
and George H. Shull [15, 16]. Thus, the adoption
of hybrid maize over open-pollinated varieties
seem to be transpired fast due to increase in
yields, uniformity in crop maturity and harvesting
as with mechanization, and improved durability
under extreme abiotic stress [14], [15, 10].
Moreover, the pervasive utilization of heterosis
now profiles breeding programs for numerous
agriculturally exciting species containing maize
and rice. Therefore, interest in developing
approaches to characterize the molecular basis of
heterosis, and to predict hybrid performance to
upsurge the efficiency of hybrid breeding
programs are sought. Of which researchers have
attempted to utilize RNA expression levels of
genes [17], genomic sequence [18], sSRNAs [19,
20], metabolomic [18, 21], proteomic [22] and
data to [23].
relationships have been recognized exhausting

dissect  heterosis Hence,
each of these data types, and no data type is
wholly capable to predict hybrid performance
individually [24]. Though, attempts to predict
hybrid performance are complex by the fact that
heterosis intensities vary for different characters
within the same hybrid [25]. In this regard, plant
breeders have observed that hybrid genotypes are
more stress tolerant than their inbred parents,
this conclusion was supported by few published
reports, mainly in environments with moderate
rather than extreme levels of abiotic stress. For
instance, _Arabidopsis, stress

response gene

expression networks have been revealed
contributing to heterosis and prediction of hybrid
performance [26, 27]. As an outcrossing plant,
maize generally displayed stronger heterosis by
showing range (50%—100%) in yields over open-
pollinated varieties [28]. Consequently, hybrid
breeding is very influential in maize and virtually
all commercial maize cultivars are hybrid lines
nowadays. In addition, applications of heterosis
in grain crops, hybrid breeding as well is one of

the great adoptions in several plants including
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rapeseed, sunflower and tomato [29, 30, 31].
Numerous studies 2 the RIL populations and
the backcross population (RILBC1, derived from
mating RIL with PA64S) had been made and
identified several major quantitative trait loci
(QTLs) fundament yield heterosis [32]. In maize,
parallel with the experimental design for the elite
rice hybrid “Shanyou63”, the “immortalized F2”
population gotten from the elite maize hybrid
Yuyu22 was developed [33]. This was on a high-
density bin map from a single nucleotide
polymorphism (SNP) genotyping chip, the
genetic study in maize established that the yield
heterosis in this hybrid maize Yuyu22 relied on
the  aggregate  effects  of
overdominance and epistasis. The dominance

dominance,

effect was the most significant contributor to
heterosis [34]. Although classical genetic models
have clarified to some extent the genetic basis of
heterosis, but still not sufficient to predict
heterosis. Epigenetic factors, containing DNA
methylation, histone modification and small
RNAs, play vital roles in plant development and
adaptation [35]. Likewise, there is growing
evidence that epigenetics is one of the gap fillers
in thoughtful of heterosis regulation [306, 37].

Maize production estimated approximately 100
million hectares in 125 developing countries and
was considered the most widely grown crops in
[38]. According to
Rosegrant ¢f al. [39], maize demand between 2009
and 2050 in the developing world will double, and

75 of those countties

by 2025, maize production is expected to be
maximum globally, especially in those developing
countries. Also, the production may not meet the
demands without a strong technological and
policy interventions. Therefore, a sound breeding
programme should be used to produce high
yielding varieties like inbred lines. Inbred lines are
prerequisite for hybrid development, especially in
maize breeding. Combining ability analysis to this
regard is of special importance in cross-pollinated
crops (esp. maize), as it aids in identifying
potential parents that produce hybrids and
synthetics [40].

Thus, the present study used 4 X 4 full diallel
cross to evaluate the general combining ability of
parents, highly performed crosses on the basis of
specific combining ability (with reciprocals) and

heterosis of crosses (Fls and reciprocals) over
commercial check variety on growth attributes,
yield and its contributing traits.

2  Materials and methods

These four parental lines were used: Obatamkpa,
Oba 98, Oba super 1 and Ikom white (a local
line). The maize lines were differed considerably
in expression of several agronomy characters.
The experiment was conducted at the Teaching
and Research Farm of Crop Science and
Horticulture, Faculty of Agriculture, Nnamdi
Azikiwe University, Awka, Anambra State of
Nigeria, during the 2018 (when crosses were
made) and 2019 (evaluation was conducted)
cropping seasons. The site is located at latitude
6.250107° North and longitude 7.118967" East at
an altitude of 183m above sea level. Its annual
mean rainfall is about 1,798.52 mm, with average
mean relative humidity of 82% and an average
temperature of about 26°C. The soil textural class
is sandy loam [41].

<& 6.250107,7.118967

6°15'00.4"N 7°07'08.3"E
6.250107, 7.118967 - B 24 min

Figure 1: Satellite view of the experimental site

location.
(https://google.com/map/place/nau/@6.250107,7.118967).
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The four parental lines were crossed in a 4 x 4 full
diallel cross to give twelve (12) crosses, including
reciprocal crosses. The parents and their twelve
(12) crosses and a commercial check hybrid (Oba
super II) were evaluated in a randomized
complete block design (RCBD) with four
replications. In this study, the designations of
maize lines used in the crosses were (Parental line
— PL): Obatamkpa as PL1, Ikom white as PL2,
Oba 98 as PL3, and Oba super 1 as PL4. The
crosses (F1s and reciprocals) were designated as
PL1 x PL2, PL1 x PL3, PL1 x PL4, PL2 x PL1,
PL2 x PL3, PL2 x PL4, PL3 x PL1, PL3 x PL2,
PL3 x PL4, PL4 x PL1, PL4 x PL2, and PL4 x
PL3.

Kernels were planted at 2-3 grains per hill then
thinned one plant per hill after emergence. Each
replication contained 17 plotted experimental
units and each plot (3m x 5m) consisted of four
ridges with spacing of 25 cm between plants and
75 cm between ridges. During 2018 and 2019
planting seasons, a compound fertilizer (NPK
20:10:10) was applied at the recommendation rate
for maize [42] consists of 60 kg N h-1, 30 kg P h-
Tand 30 kg K h! at 2 weeks after planting (WAP).
Soil test of the experimental site was conducted
during each cropping season. Manual weed
control was observed for both cropping seasons.
In addition, both planting seasons were supplied
with an additional 60kg N h! as top dressing at 7
WARP using urea (46 % N). During 2019 cropping
season (evaluation was conducted), observations
were taken and recorded from 15-20 randomly
selected plants situated at the middle rows of each
plot for plant height (cm), ear height (cm), cob
circumference (cm), cob length (cm), number of
seeds per cob, and number of tassels per plant.
Hence, days to anthesis, days to silking, anthesis
silking interval (days), days to maturity, 1000-seed
weight (g) and grain yield (t.h'!) were recorded on
whole plot basis.

Data were analyzed for variance on all the studied
characters. The mean performance of studied
traits were analyzed using GenStat statistical
package 4t Edition [43]. Means were separated
using Fisher's Protected Least
Difference at 5% level of probability. General

Significant

combining ability (GCA) and specific combining
ability (SCA) were estimated following Model I,

Method I of Griffing [5]. The mean squares for
GCA and SCA were tested against error variance
desired using the mean data of all the single cross
hybrids and commercial check variety, which was
estimated and tested according to Singh and
Singh [44]. Thus, percent heterosis was calculated
by formula below:

Standard Heterosis (%) = [(F1 — CV) / CV] %100

Where, Fi and CV represented the mean
performance of hybrid and commercial check
variety (CV). The significance test for heterosis
was done by using standard error of the value of

commercial check variety.
3  Results and Discussion

3.1 Characteristics of the soil used for the

study

The pre-planting analyses of soil properties in
both seasons are shown in Table 1. The result
indicated that the textural class of the study site is
sandy loam. The soil pH (water and calcium salt)
ranged from 6.4-6.8 and 5.5-6.1 in both years
respectively, indicating slight acidity. This was
supported, rated and reported by Landon [45].
Organic catbon (2.0 g/kg) was same in both
planting seasons while total nitrogen and
available phosphorus in 2019 planting season
were higher compared to 2018 planting season
(1.8 and 1.4 g/kg; 13.5 and 9.5 mg/kg),
respectively. As expected for the critical levels of
1 g/kg N and 10-12 mg/kg P [46], this indicated
that the soil was in good shape for some essential
soil nutrients in both years. The pre-planting
exchangeable cations content of the study site in
2019 (Nat 0.17, K+ 0.08, Mg?* 3.2 and Ca?* 4.0
cmol/kg) were higher when compared with
values obtained in 2018 (Na* 0.15, K+ 0.05, Mg?*
2.8 and Ca** 3.6 cmol/kg) cropping season.
However, using the critical level of 0.2 cmol/kg,
exchangeable K was very low [47]. Exchangeable
acid was only available during 2018 pre-planting
season (0.10 cmol/kg). The soil was found to be
deficient in some soil nutrients with respect to
maize production. The result could be attributed
to long term cropping of the land.
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Table 1: Physico-chemical properties of the soil used in the experiments.

Soil properties Values in 2018 Values in 2019

Sand 790 g/kg 790 g/kg

Silt 100 g/kg 100 g/kg

Clay 110 g/kg 110 g/kg

Soil Textural Class Sandy loam Sandy loam

pH: 1:2.5 (H20 and CaCly) 6.4 and 5.5 respectively 6.8 and 6.1 respectively
Organic Carbon 2.0g/kg 2.0g/kg

Total Nitrogen 1.4 g/kg 1.8 g/kg

Auvail. Phosphorus 9.5 mg/kg 13.5 mg/kg

Exch. Bases (Na*, K*, Mg?* and Ca?*)  0.15, 0.05, 2.8 and 3.6 cmol/kg respectively  0.17, 0.08, 3.2 and 4.0 cmol/kg respectively
Exch. Acid 0.10 cmol/kg Fkxx

Na: Sodium, K: Potassium, Mg: Magnesium, Ca: Calcium.

Table 2: Mean performance of maize genotypes on growth attributes, yield and its contributing characters
obtained from 4x4 full diallel cross.

Genotypes DA DS AsI PH EH DM NT CcC cCL NS TSW  GY

(days) (days) (days)  (cm) (cm)  (days) (cm)  (cm) @) (t/h)
PL1 (Obatamkpa) ~ 57.50 ~ 63.00 550 19340 6890 14325 1650 1343 13.38 34180 188.10  6.00
PL2 (lkomwhite) ~ 57.75 6325 ~ 550  190.00  69.70 14325 2550 1504 1504 36220 21130 5.25

PL3 (Oba 98) 56.25 59.50 4.25 197.90 65.10 139.50 1325 1383 1396 466.50  213.90 6.74
PL4 (Oba super I) 56.25 64.25 3.25 177.90 79.30 139.50 19.75 1373 1410 47350  179.50 5.54
PL1xPL2 56.50 65.25 8.75 221.80 90.40 142.00 2500 1404 1358 36250  224.80 5.94
PL1xPL3 56.75 62.25 5.50 219.10 75.40 14225 1625 1404 1446 46000 211.80 6.80
PL1 x PL4 58.00 64.75 6.75 176.10 81.60 14475 2275 1404 1492 45200  185.80 6.24
PL2 x PL1 55.50 61.00 5.50 236.60 96.80 141.00 2400 1540 16.69 521.80  202.80 5.07
PL2 x PL3 61.00 62.00 5.75 24790  100.00 14575 2325 1595 1854 558.80 269.10 6.83
PL2 x PL4 56.50 61.75 5.25 193.30 81.40 14175 2150 1515 16.88 54150  243.90 5.07
PL3 x PL1 56.25 60.00 3.75 224.70 86.20 140.00 19.00 1457 1646 471.00 224.80 6.62
PL3 x PL2 55.00 57.50 2.50 227.30 83.00 13750 23.00 1598 17.73 509.20  250.00 6.66
PL3 x PL4 56.00 60.50 4.50 200.50 84.70 14050 2400 1473 1454 44480  213.60 6.04
PL4 x PL1 55.75 60.75 5.00 195.20 83.20 140.75 2300 1446 1544 43400 236.70 571
PL4 x PL2 56.00 61.50 5.50 191.40 89.20 14150 31.75 1444 16.04 41520  264.50 5.60
PL4 x PL3 56.00 62.25 6.25 199.90 86.70 14225 2200 1417 1529 45430 211.70 6.58
Oba super Il 56.50 62.25 5.75 231.20 86.50 14225 2250 1434 1617 51130  203.40 5.57
F _ test Hokok Hok * ek Hokk woke Hokk ek ek dekeok woke *

Mean 56.68 61.87 5.25 207.30 82.80 14163 2194 1461 1548 457.70  219.70 6.02
SE 0.700 1.267 0.974 7.540 5.330 1.237 1373 0344 0822 32.650 15740 0.434
CV (%) 2.20 1.10 29.70 3.00 4.30 0.50 3.10 1.00 4.50 5.50 7.40 8.80
LSD (o.05) 1.990 3.602 2.769 21.430  15.150 3.518 3905 0978 2338 92850 44750 1.233

*, ** *** indicated at 5%, 1% and 0.1% level of significance, respectively. Days to 50% anthesis (DA), Days to 50% silking (DS), Anthesis
Silking Interval (ASI), Plant height (PH), Ear height (EH), Days to maturity (DM), Number of tassels (NT), Cob circumference (CC), Cob
length (CL), Number of seeds (NS), Thousand-seed weight (TSW) and Grain yield (GY).
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Table 3: Mean squares due to genotype, combining abilities and reciprocal on growth attributes, yield and its
components in a 4 x 4 full diallel cross of maize.

Sourcesof  df DA DS ASI PH EH DM NT cC CL NS TSW GY
variation (days) (days) (days) (cm) (cm) (days) (cm)  (cm) (9) (t/h)
Genotype 15  7.817 *** 16.206 ** 8.396 * 1769.149 *** 365.641 *** 17.006 ** 75329 2515 9.010 ** 15603.450 *** 2826.324 ** 1548 *

KKk *kk
GCA 3 0578ns 7.594** 2313ns 1067.711ns 28.945ns 2.755ns 53.135** 1.695* 2.935ns 4330.474ns 1147.807ns 1.371
*kk
SCA 6  1.050ns 1180ns 1560ns 484.956*** 171.346*** 1537ns 10.701 0.498 **2.850 ** 3806.492 **  855.351 ** 0.142ns
*kk
Reciprocal 6  3547*** 5208* 2531* 86.907ns 42707ns 7.771*** 9813 *** 0.226 ns 1.319ns 3690.427 **  337.198ns 0.140 ns
Error 45 0.488 1.656 0.961 59.499 26.159 1.599 1945 0121 0.704 1087.455 232.738 0.196
GCA:SCA 0.551 6.436 1.483 2.202 0.169 1.793 4965 3404 1.030 1111 1.342 9.655

*, ** *=** indicated at 5%, 1% and 0.1% level of significance, respectively. Ns — not significant. Days to 50% anthesis (DA), Days to 50%
silking (DS), Anthesis Silking Interval (ASI), Plant height (PH), Ear height (EH), Days to maturity (DM), Number of tassels (NT), Cob
circumference (CC), Cob length (CL), Number of seeds (NS), Thousand-seed weight (TSW) and Grain yield (GY).

3.2 Analysis of variance

The mean performance on growth attributes,
yield and its contributing traits of studied maize
genotypes (parents, Fls and reciprocals) along
with the check variety (Oba super II) are
presented in Table 2. Significant differences were
observed for all the characters, indicating
sufficient genetic variability present among the
maize genotypes. This F1 hybrid combination
(PL2 x PL3) showed higher mean performance
across most studied traits, as when compared to
parents, other crosses and check variety.

Results in Table 3 revealed that both combining
abilities (GCA and SCA) and reciprocal mean
squares were significant for some studied traits.
For GCA, days to silking, number of tassels, cob
circumference and grain yield. On SCA, plant and
ear heights, number of tassels, cob circumference
and length, number of seeds and 1000-seed
weight. While for reciprocal, days to anthesis and
silking, anthesis silking interval, days to maturity,
number of tassels and seeds. The findings

Analysis of variance for combining ability
showed that estimates of mean squares due to
gca, sca, and reciprocal were significant for some
studied characters. This indicated importance of
both additive and non-additive components of
genetic variance in governing those traits. This
was confirmed by Elmyhun e al [48],
Amiruzzaman et al. [49], and Derera e/ al. [50],
who reported comparable results for yield and
yield components in maize. The ratio of the
components showed that gca variance was higher
than sca for days to silking, anthesis silking
interval, plant height, days to maturity, number of
tassels, cob circumference and length, number of
seeds, 1000-seed weight and grain yield (t.h"') in
Table 3. This indicated predominance of additive
genetic variances for those traits. This finding
et al. [51]
Mohammad e a/ [52], who researched on

was confirmed by Vasal and
combining ability and heterosis in maize and
revealed that there is predominant additive

genetic variance in the inheritance of traits in

maize.
indicated that both additive and non-additive o o
types of gene effects were involved in the 3.3  General combining ability (GCA)
inheritance of those traits. The ratio of effects

GCA/SCA was not less than unity for most
studied traits excepted days to anthesis and ear
height. It showed that the additive genetic effects
were more important and played the key role in
most of studied traits indicating that the additive
gene was more imperative than non-additive gene
action.

The estimates of general combining ability effects
of the parents are presented in Table 4. For days
to anthesis and silking, significant negative
estimates are considered desirable, indicating
those associated with earliness. The parent, PL3
(-1.4062 *) showed significant negative GCA
effects only for days to silking. In plant and ear
heights, significant estimates

negative are
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desirable and seem to be correlated with
dwarfism (short stature). Thus, PL4 (-16.7850 *)
was good combiner having significant negative
GCA effects only for plant height. However, PL3
(8.5881
combiner for the trait since positive significant

*) was considered worst general
difference leads to lodging incidence. For the
number of tassels, significant positive estimates
are desirable for abundant of pollen to be shed,
indicating high percentage of eats getting fertilize.
The PL2 (3.0312 *) was best combiner with
significant positive GCA effects for this trait.
However, PL1 (-1.5312 *) and PL3 (-2.6562 *)
were considered worst combiner having
significant negative GCA effects for the same
trait.

In addition, cob circumference and length,
desirable

towards quantity of seeds per cob. The PL2

significant positive estimates are
(0.6302 *) was good combiner with significant
positive GCA effects only for cob circumference.
However, PL1 (-0.4480 *) was considered worst
general combiner having significant negative

GCA effects for same trait. The PL3 (0.5814 *)

was the best general combiner for grain yield and
also possessed significant positive GCA effects,
since it's an indicator for returns on investment
(th).

Considering the trait(s) involved, estimates of
general combining ability effects of the parents
are considered desirable for significant negative
and/or positive estimates. From the GCA
effects, it was observed that, none of the parents
individually showed good general combiner for
all the studied traits. Nevertheless, significant
negative estimate is desirable for days to anthesis
and silking, anthesis silking interval, maturity,
plant and ear heights. This finding was confirmed
by Singh and Singh [53], Singh ¢7 /. [54], Ahmed
et al. [55] and Mohammad ef a/. [52], who reported
that carliness is linked with days to silk and the
short plants with stumpy ear height are correlated
with resistance to lodging. Whereas, significant
positive estimate is desirable for number of
tassels, cob circumference and length, number of
seeds, 1000-seed weight (g) and grain yield (th).
This was also supported by Singh et al. [54],
Ahmed ¢ al. [55] and Mohammad ez a/. [52].

Table 4: Estimates of general combining ability (GCA) effects on growth attributes, yield and its components in a 4x4 full diallel
cross of maize.

Parents DA DS ASI PH EH DM NT CcC CL NS TSW GY
(days)  (days)  (days) (cm) (cm) (days) (cm) (cm) () (th)
PL1 (Obatamkpa) 0.0312  0.6562 0.5625 1.7209 -1.1670 05625 -1.5312* -0.4480* -0.6531 -31.2188 -12.9139  0.0067
PL2 (Ikom white) 0.3125  0.0938 0.3125 6.4759 2.4167 0.4062  3.0312* 0.6302*  0.7522 -0.1250  13.9548  -0.3336
PL3 (Oba 98) - -1.4062* -0.6250 85881 * -1.8230 -0.6875 -2.6562*  0.0123 0.1778 24.5625 53267 05814 *
PL4 (Obasuperl) -0.3438  0.6562 -0.2500 -16.7850* 0.5733 -0.2812 1.1562 -0.1945  -0.2769 6.7812 -6.3677  -0.2545
SE (gi) 0.2139  0.3940 0.3001 2.3618 1.5660 0.3872 0.4271 0.1063 0.2568 10.0970  4.6711 0.1355
SE (gi - gj) 0.3494  0.6435 0.4901 3.8568 2.5573 0.6322 0.6974 0.1737 0.4194 16.4883 7.6279 0.2213
LSD (0.05) 0.7036  1.2960 0.9871 7.7680 5.1506 1.2734 1.4046 0.3498 0.8448 33.2091  15.3633 0.4457

* indicated at 5% level of significance. Days to 50% anthesis (DA), Days to 50% silking (DS), Anthesis Silking Interval (ASI), Plant height (PH), Ear height (EH),
Days to maturity (DM), Number of tassels (NT), Cob circumference (CC), Cob length (CL), Number of seeds (NS),
Thousand-seed weight (TSW) and Grain yield (GY).
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Table 5: Estimates of specific combining ability (SCA) effects on growth attributes, yield and its components in a 4x4 full diallel
cross of maize.

Crosses DA DS ASI PH EH DM NT cC CL NS TSW GY

(F1s) (days) (days) (days) (cm) (cm) (days) (cm) (cm) ©) (th)

PL1xPL2  -1.0312*  0.5312 1.0312 15.1584* 9.7711*  -1.0625 1.0938 -0.0867 -0.4044 19.1562 -8.0205 -0.2111
PL1xPL3 -0.2188 0.0312 -0.5312 5.7525 1.1758 -0.3438 -0.0938 0.1148 0.4950 17.8438 5.0827 0.0814
PL1x PL4 0.5000 -0.4062 0.3438 -5.0731 0.4058 0.8750 1.3438 0.2705 0.6684 13.1250 9.7520 0.1811
PL2 x PL3 1.0000 *  -0.7812 -0.7812 16.7463*  8.3033 * 0.3125 0.8438 0.6967*  1.7659*  55.2500 * 19.5014 0.4517
PL2 x PL4 -0.4062 -0.9688 0.0938 -3.1394 -0.3042 -0.0938 0.5312 0.2323 0.5431 17.4062 258708 *  -0.1198
PL3 x PL4 -0.3438 0.2812 1.0312 2.5734 4.3942 0.7500 2.5938 * 0.0052 -0.4225 -36.1562 -7.0886 -0.0623
SE (sij) 0.3906 0.7194 0.5479 4.3120 2.8591 0.7069 0.7797 0.1942 0.4689 18.4345 8.5282 0.2474
SE (sij—skl)  0.4941 0.9100 0.6931 5.4543 3.6165 0.8941 0.9862 0.2456 0.5932 23.3180 10.7874 0.3129
LSD (0.05) 0.9951 1.8329 1.3960 10.9855 7.2841 1.8009 1.9864 0.4946 1.1947 46.9648 21.7270 0.6302

* indicated at 5% level of significance. Days to 50% anthesis (DA), Days to 50% silking (DS), Anthesis Silking Interval (ASI), Plant height (PH), Ear height (EH),
Days to maturity (DM), Number of tassels (NT), Cob circumference (CC), Caob length (CL), Number of seeds (NS),
Thousand-seed weight (TSW) and Grain yield (GY).

3.4  Specific combining ability (SCA)

effects

The SCA effects of the crosses (Fls) for twelve
characters are presented in Table 5. For days to
anthesis and silking, this F1 single hybrid cross
PL1 x PL2 (-1.0312 *) exhibited significant
negative SCA effects for anthesis, indicating early
pollen shedding of the hybrid. However, cross
PL2 x PL3 (1.0000 *) had significant positive
SCA effects on days to anthesis, indicating late
pollen shedding of the hybrid. The SCA effects
of these crosses PL1 x PL.2 (15.1584 * and 9.7711
*) and PL2 x PL3 (16.7463 * and 8.3033 *) were
significant positive for both plant and ear heights
respectively, indicating lodging incidence of the
hybrids. For the number of tassels, cross PL3 x
P14 (2.5938 *) showed significant positive SCA
effects, indicating abundant of pollen to be shed
by the hybrid.

On the yield and yield components, among six
hybrid crosses, this cross PL2 x PL3 (0.6967 *,
1.7659 * and 55.2500 *) revealed significant
positive SCA effects for cob circumference, cob
length and number of seeds respectively (Table 5)
and also possessed high mean values for the most
of in Table 2,
indicating farmer's preferred hybrid cross for

aforementioned same traits

returns on investment (t.h'). Further, out of six
crosses, this cross PL2 x P14 (25.8708 *) showed
significant positive SCA effects for 1000-seed
weight (g).

The significant SCA effects could be desirable for
positive and/or negative estimates. The parents
involved where one or both the parental lines

were allied to good combiners, indicating GCA
of the parental lines play major role for high
performance. This study revealed that some
crosses were preferred over others based on the
direction of desirability. Significant negative
estimate is desirable and observed for days to
anthesis, plant and ear heights. While significant
positive estimate is desirable for number of
tassels, cob circumference and length, number of
seeds, and 1000-seed weight (g). This results was
supported by Fan ¢ a/. [56] and Mohammad ez a/.
[52]. The crosses also possessed high per se
performances in some studied characters (Table
2). Vasal [40] supported the findings with a
suggestion to include one good combiner,
especially female parent during crossing to attain
higher heterosis. Generally, the gca effects of the
parents were reflected in the sca effects of the
crosses in most of the studied traits. This was
confirmed with the findings of Gowda ez a/. [57],
Gissa ¢f al. [58], and Ahmed et al. [55], who
obtained high estimates of sca from high gca

parents.

3.5 Reciprocal effects

Maternal effects and sex-linkage give rise to
differences among reciprocal crosses. In diallel
cross analyses, the presence of these effects will
cause biases in the estimates of genotypic
components of the variation. The estimates of
specific (r ij) combining ability effects of the six
hybrid twelve  studied
characters are presented in Table 6. For days to
anthesis and maturity, this cross PL3 x PL2
(3.0000 * and 4.1250 *) showed significant

combinations over
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positive (r ij) effects, an indicator for late pollen
shedding and delay maturity of the hybrid
respectively. On the number of tassels, this cross
PL4 x PL2 (-5.1250 *) showed significant
negative (r ij) effects. For the number of seeds,
cross PL2 x PL1 (-79.6250 *) had significant
(t 1) effects. Therefore,
combinations are to be dictated and discarded
while considering of their SCA (F1s) effects in
the breeding programs for better hybrids.

negative such

The significant positive or negative reciprocal
effects for the studied traits were not desirable

and found lower than those for SCA, which
indicated that there is a difference between using
aline as a male or a female in the same cross. This
was supported with findings by Abdel-Moneam
et al. [59], who revealed that the SCA effects were
usually higher than those of reciprocal effects in
field maize. However, this results was not
consistent with reports by Moterle e a/. [60] and
Cabral ¢# al. |61], who found greater effects for
reciprocal than SCA.

Table 6: Estimates of reciprocal effects on growth attributes, yield and its components in a 4x4 full diallel
cross of maize.

Crosses DA DS ASI PH EH DM NT cC CL NS TSW GY
(Reciprocals) (days) (days) (days) (cm) (cm) (days) (cm) (cm) ()] (th)
PL2 x PL1 0.5000 2.1250 1.6250 -7.4162 -3.2075 0.5000 0.5000 -0.6800 -1.5525 -79.6250* 11.0375 0.4375
PL3 x PL1 0.2500 1.1250 0.8750 -2.7925 -5.3750 1.1250 -1.3750 -0.2637 -1.0000 -5.5000 -6.5125 0.0925
PL3 x PL2 3.0000* 2.2500 1.6250 10.2912 8.4988 4.1250* 0.1250 -0.0163 0.4062 24.7500 9.5250  0.0850
PL4 x PL1 11250 2.0000 0.8750 -9.5363 -0.8338 2.0000 -0.1250 -0.2100 -0.2588 9.0000 -25.4875 0.2637
PL4 x PL2 0.2500 0.1250 -0.1250 0.9775 -3.8750 0.1250 -5.1250* -0.1425 0.4162 63.1250 -10.3000 -0.2650
PL4 x PL3 - -0.8750 -0.8750 0.3400 -1.0012 -0.8750 1.0000 0.2825 -0.3762 -4.7500 0.9625 -0.2700
SE (rij) 0.4941 0.9100 0.6931 54543 3.6165 0.8941 0.9862 0.2456 0.5932 23.3180 10.7874 0.3129
SE (rij — rkl) 0.6987 1.2870 0.9802 7.7136  5.1146 1.2645 1.3947 0.3473 0.8388 329766 15.2557 0.4425
LSD (0.05) 14073 25921 1.9742 155359 10.3012 2.5468 2.8092 0.6995 1.6895 66.4182 30.7266 0.8913
* indicated at 5% level of significance. Days to 50% anthesis (DA), Days to 50% silking (DS), Anthesis Silking Interval (ASI), Plant height
(PH), Ear height (EH), Days to maturity (DM), Number of tassels (NT), Cob circumference (CC), Cob length (CL), Number of seeds (NS),
Thousand-seed weight (TSW) and Grain yield (GY).
Table 7: Percent heterosis of the hybrid combinations over the check variety (Oba super II) on growth
attributes, yield and its components in a 4x4 full diallel cross.
Crosses DA DS ASI PH EH DM NT cC CL NS TSW GY
(days) (days) (days) (cm) (cm)  (days) (cm)  (cm) ) (th)
PL1x PL2 0.00 482**% 5217 ** -4.07 451 -0.18  11.11** -2,09**-16.02** -29.10 10.52 6.64 **
PL1x PL3 0.44 000 -435* 523 -1283* 0.00 -27.78** -2.09 **-10.58** -10.03 413 22.08 **
PL1x PL4 2.66 ** 402* 17.39** -2383* -567 1.76 111 -2.09** -7.73** -1160 -8.65 12.03**
PL2 x PL1 -1.77* -201 -435* 234 11.91 -0.88  6.67** 7.39** 3.22** 205 -0.30 -8.98 **
PL2 x PL3 7.97 ** -0.40 0.00 722 1561* 246 3.33* 1123** 1466** 9.29 3230 22.62 **
PL2 x PL4 0.00 -0.80 -8.70** -16.39 -5.90 -0.35 -4.44* 565** 439** 5091 1991 -8.98 **
PL3 x PL1 -0.44 -3.62* -3478** -281  -0.35 -1.58 -15.56 ** 1.60 **  1.79 -7.88 10.52 18.85**
PL3 x PL2 -2.66**  -7.63** -5652** -169 -405 -3.34* 222 1144** 9.65** -0.41 2291 19.57**
PL3 x PL4 -0.89 -2.81 -21.74** -13.28 -2.08 -1.23  6.67** 2.72** -10.08 ** -13.01 502 8.44**
PL4 x PL1 -1.33 -241  -13.04** -1557 -3.82 -1.06 222 084* -452* -1512 1637 251**
PL4 x PL2 -0.89 -1.21  -435* -17.22 3.12 -0.53 4111** 0.70 -0.80  -1880 30.04 054
PL4 x PL3 -0.89 0.00 8.70 ** -1354  0.23 0.00 -2.22  -1.19** -544** -11.15 408 18.13**
Mean 0.18 -1.00 -5.80 -8.67 0.06 -0.41 2.04 2.84 -1.79 -8.32 1224 945
Minimum -2.66 -7.63 -56.52 -23.83 -1283 -3.34 -27.78 -2.09 -16.02 -29.10 -865 -8.98
Maximum 7.97 4.82 52.17 7.22 15.61 2.46 4111 1144 1466 9.29 3230 2262
CD (0.05) 1.66 3.01 2.32 1791 1265 2.94 3.26 0.82 1.95 77.58 37.40 1.03
CD (0.01) 2.39 4.32 3.33 2572 1817 4.22 4.68 1.18 2.80 11143 5371 1.47

*, ** indicated at 5% and 1% level of significance, respectively. Days to 50% anthesis (DA), Days to 50% silking (DS), Anthesis Silking
Interval (ASI), Plant height (PH), Ear height (EH), Days to maturity (DM), Number of tassels (NT), Cob circumference (CC), Cob length
(CL), Number of seeds (NS), Thousand-seed weight (TSW) and Grain yield (GY).
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3.6 Heterosis

The standard heterosis expressed by the F1
hybrids the
commercial check variety (Oba super II) for

(including  reciprocals) over
different characters are presented in Table 7. The
percent heterosis in F1 hybrids varied from
character to character and also cross to cross.
Days to anthesis and silking determine the
carliness of flowering of the hybrids. Negative
heterosis is desirable for these characters.
Considering commercial hybrid Oba super 1I as
a check, these crosses PL2 x PL1 (-1.77 *) and
PL3 x PL2 (-2.66 **) showed significant negative
heterosis for days to anthesis and ranged from -
2.66 to 7.97%. For days to silking, these crosses
PL3 x PL1 (-3.62 *) and PL3 x PL2 (-7.63 **) also
showed significant negative heterosis and ranged
from -7.63 to 4.82% (Table 7). However, all the
significant positive heterosis for same traits are
not desirable. Consequently, anthesis silking
interval had both positive and negative significant
heterosis on almost the studied hybrids and
ranged from -56.52 to 52.17%. Thus, eight hybrid
crosses PL1 x PL3 (-4.35 **), PL2 x PL1 (-4.35
*¥), PL2 x PL4 (-8.70 *¥), PL3 x PL1 (-34.78 **),
PL3 x PL2 (-56.52 **), PL3 x PL4 (-21.74 **),
PL4 x PL1 (-13.04 **) and PL4 x PL2 (-4.35 **)
showed significant negative heterosis. However,
the rest of hybrid crosses with significant positive
heterosis are considered not desirable. Negative
heterosis is also desirable for days to maturity
which aids for adjusting cropping pattern.
Considering commercial hybrid Oba super II as
a check, this cross PL3 x PL2 (-3.34 *) expressed
significant negative heterosis (Table 7). The days
to maturity ranged from -3.34 to 2.46%.
Negative heterosis is desirable for plant and ear
heights which helps for developing short statured
plant leads to lodging resistance. Considering
commercial hybrid Oba super II as a check, this
cross PL1 x PL4 (-23.83 *) exhibited significant
negative heterosis for plant height which
indicates dwarfness of the hybrid (Table 7). For
ear height, this cross PL1 x PL3 (-12.83 *)

showed significant negative heterosis and
another cross PL2 x PL3 (15.61 *) had significant
positive  heterosis, indicates not desirable.

Therefore, plant and ear heights produced ranged
from -23.83 to 7.22% and -12.83 to 15.61%
respectively. For the number of tassels, positive
heterosis is desirable. Among twelve hybrid
crosses, five crosses PL1 x PL2 (11.11 *¥), PL2 x
PL1 (6.67 **), PL2 x PL3 (3.33 *), PL3 x PL4
(6.67 **) and PL4 x PL2 (41.11 *¥) showed
significant positive heterosis and ranged from -
27.78 to 41.11%. Further, the percent heterosis
for cob circumference and length varied from -
2.09 to 11.44% -16.02  to  14.66%
respectively. The results showed that among the

and

twelve hybrid combinations, seven crosses PL2 x
PL1 (7.39 **), PL2 x PL3 (11.23 **), PL2 x PL4
(5.65 **), PL3 x PL1 (1.60 **), PL3 x PL2 (11.44
), PL3 x PL4 (2.72 *f), and PL4 x PL1 (0.84 *)
exhibited significant positive heterosis for cob
circumference. And four crosses PL2 x PL1 (3.22
), PL2 x PL3 (14.66 **), PL2 x PL4 (4.39 **)
and PL3 x PL2 (9.65 **) revealed significant
positive heterosis for cob length (Table 7).

Positive heterosis is desirable for grain yield (t.h-
1) which shows better returns on investment.
Considering commercial hybrid Oba super 1I as
a check, nine hybrid crosses PL1 x PL2 (6.64 **),
PL1 x PL3 (22.08 **), PL1 x PL4 (12.03 **), PL2
x PL3 (22.62 **), PL3 x PL1 (18.85 *¥), PL3 x
PL2 (19.57 **), PL3 x PL4 (8.44 **), PL4 x PL1
(2.51 **) and PL4 x PL3 (18.13 **¥) showed
significant positive heterosis. However, few
had

indicate not desirable on perception of farmer’s

crosses significant negative heterosis,
preferred varieties. The percent heterosis for
grain yield (t.h) ranged from -8.98 to 22.62%.

The standard heterosis showed by F1 hybrid
combinations for respective trait desirability
ranged from significant negative to positive
results. This shows that those desited F1 hybrid
combinations are better than the commercial
check variety and should be considered in
breeding programs for higher yield. This was
confirmed with the results by Mohammad e# /.
[52], Uddin ez a/. [62], Uddin e a/. [63], and Atif e
al. [64]. They reported that F1 hybrids were better

than check varieties studied.
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4  Conclusion

The overall study of GCA effects suggest that
PL3 was excellent general combiner for early
silking and grain yield, PL4 was excellent for
shorter height, and PL2 for pollen shed and cob
circumference. These parents could be used in
future breeding programmes to improve maize
yield with desirable traits. This cross (PL2 x PL3)
showed the most desired heterosis for yields
compared to the check (Oba super II). The cross
combinations (PL1 x PL2, PL.2 x PL3, PL2 x P14
and PL3 x PL4) exhibited significant high SCA
effects coupled with per se performance could be
more rewarding in a hybrid breeding program
after thorough research at different agro

ecological zones.
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