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Introduction

Maize (Zea mays L.) belongs to the grass family Poaceae, is
monoecious and protandrous, cross-pollinated crop with chro-
mosome numbers of 2n=2X=20. Synthetic variety is a variety
which is developed by inter-mating in all possible combinations
a number of inbred lines with good general combining ability
and mixing their seeds (seeds of F1s) in equal whereas compos-
ite variety is a variety which is developed by mixing the seed of
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Abstract

Introduction: Breeders are interested in screening and
development of the open-pollinated population in maize.
especially high adaptability to the environment and high
grain yield.

Method: Sixty maize (Zea mays L.) germplasm along with
three check cultivars were evaluated in Augmented Design
with three blocks. Analysis of variance manifested signifi-
cant differences among genotypes for the majority of the
traits.

Results: Regarding genetic potential of various genotypes;
mean days to 90% maturity ranged from 77.00 to 103.00,
days to 50% silking (47.00 to 68.00), days to 50% tasseling
(45.00 to 65.00), plant height (37.18 to 212.40 cm), number
of ears plant® (1.00 to 4.00), tassel length (25.00 to 49.25
cm), number of grains cob?(25.00 to 490.00) and number of
rows cob™?(15.50 to 8.00). The GCV and PCV were absolutely
low for a number of ears plant® whereas it was high for a
number of grains cob™, respectively. Majority of the traits
under study had maximum values of broad-sense heritabil-
ity estimates ranged from 0.88 to 1.00. On the other hand,
days to 90% maturity and a number of rows cob™ exhibited
respectively 0.37 and 0.58 values of heritabilities. A maxi-
mum number of grains cob™® were recorded for ACC-15276
(490.00) followed by ACC-14980 (400.60) with the potential
to be used in future breeding programs for the development
of new cultivars for a specific region of Pakistan.

various genotypes (in equal quantity) which are similar in ma-
turity, height, seed size, color etc. Synthetic varieties of maize
(Zea mays L.) are used either as germplasm sources in breeding
programs or, in developing countries, as better populations [1].
Maize or corn can be used as food for human and feed for cattle
and poultry [2]. reported the various sub-species of maize on
the basis of consumption as food including flour corn, popcorn,
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dent corn, flint corn and sweet corn. It has higher nutritional
value for starch, valuable proteins and oils. Certain varieties of
maize may contain a number of important vitamins (B, C), fo-
lic acid, and pro-vitamin A. Based on metric tons, maize is the
#1 production grain crop in the world (http://faostat.fao.org/).
This success is largely due to high productivity and commercial
versatility [3]. The United States is the leading producer (42% of
the world production) of maize (353,699 441 tons). The most
widely-used maize lines are of exotic sources with growing re-
gions of temperate such as Argentine, European, and South Af-
rican germplasm [4]. Maize can be cultivated on rain-fed and ir-
rigated areas. Due to its short-day photoperiod, it can be grown
in tropical and sub-tropical regions of the world hasa high tem-
perature of thirty degree Celsius and plenty of sunshine from
eight am in the morning to four pm in the afternoon. The study
reveals that the pollen grain of the maize crop can remain vi-
able for longer durations under favorable conditions [5]. For
normal germination, sandy to clay soil with 6.5 to 7.5 pH is
more suitable. Hot dry weather tends to speed the pollen shed-
ding [6]. In Pakistan, the area under maize occupies the third
position after wheat and rice of which 98% is grown in Punjab
and Khyber Pakhtunkhwa. During the year 2013-14, maize was
cultivated on 1,117 hectares and the production was 4,053 kg
ha-1. Punjab contributes 39% of the total cultivated area under
maize crop and 30% of the total production. Similarly, Khyber
Pakhtunkhwa contributes 56% of the total area with 63% of the
production, however; only 5% of the total area with 3% of the
total production has been reported as share of Sindh and Ba-
luchista [7]. In order to increase the production of maize, it is
essential to develop high yielding varieties and hybrids. Yield
is the primary objective in breeding maize hybrids. During the
last decade, crop yield in Pakistan has been declining despite
increased inputs of fertilizers and pesticides, this is due to the
sowing of synthetic or composite varieties, which have less po-
tential as compared to hybrids [8]. Hybrids generally have high-
er yield potential than open-pollinated varieties. Hybrids maize
has long ears; more grain rows ear® and enhanced grain yield
than the open-pollinated cultivars [9].

Almost 65% maize in Pakistan is cultivated on irrigated land,
while the remaining is under rainfed conditions. The main
problem with maize is its high sensitivity to drought; to avoid
it somehow, it requires frequent irrigations for successful veg-
etative and reproductive growth [10]. Drought affects many
physiological processes and hence causes a significant decrease
in yield. The yield of maize is also greatly affected by different
diseases and insects that mostly appear during later stages of
the crop. The climate change is another recently emerging con-
straint to increased crop production. To deal with this issue the
farmers have to alter the existing cropping pattern and farm-
ing practices [11]. This change in the climate is also becoming a
major threat to the production of maize. Early maturing variet-
ies and hybrids are needed in order to cope with these newly
emerging constraints. The production of early maturing variet-
ies and hybrids may avoid yield losses by escaping the terminal
droughts, as well as disease and insect attacks to large extent.
Cultivation of early maturing hybrids and varieties also promote
the production of two or more crops per year and adjust easily
in the existing cropping pattern [12].

In Pakistan, maize is the staple food for a large population,
especially in hilly areas. This crop is capable of producing the
huge quantity of grains per unit area [13] and can be grown
twice in a year (spring and summer seasons).

According to Hallauer and Miranda Filho (1988) [14], the
correlation estimated by the specific coefficient is important in
plant breeding because it quantifies the degree of genetic and
non-genetic association between two or more traits, allowing
the indirect selection. Knowledge of heritability influences the
choice of selection procedures used by the plant breeder to de-
cide which selection method would be most useful to improve
the character, to predict gain from selection and to determine
the relative importance of genetic effects [15-17]. This experi-
ment was conducted to study the association between yield and
related traits alongwith heritability estimates for studied traits.

Material and methods

The experimental material comprised 60 maize genotypes
and three check cultivars. The genotypes were obtained from
the Gene-Bank of Plant Genetics Resource Institute (PGRI), Na-
tional Agricultural Research Center (NARC)-Islamabad. The ex-
periment was laid out in Augmented Design with three blocks.
Each block consisted of twenty plots and each plot having ten
plants of a single genotype. Each plot consisted of a single row
of 2-meter length and 75 cm of row-row distance. Data were
collected on days to 50% silking, days to 50% tasseling, days to
90% maturity, plant height, number of ears plant?, tassel length,
number of grains cob™® and number of rows cob™.Data were
subjected to analysis of variance (ANOVA) by using software
‘SAS’ analytics (Essential Statistics Using SAS University Edition).
The means for each parameter were further separated by least
significant difference (LSD) test at 5% level of probability. Ge-
notypic and phenotypic variances, genotypic (GCV) and Pheno-
typic Coefficients of Variance (PCV), heritability (Broad-Sense)
and genetic advance were computed according to Burton and
Devane (1953), Johnson et al. (1955) and Singh and Chaudhary
(1985) [18-20].

Data were recorded on days to mid-tasseling, silking, ma-
turity, plant and ear height, a number of ear per plant, tassel
length, grains per ear and rows per cob.

The genotypic, phenotypic and environmental variances and
heritability were then calculated by using the following formu-
las.

Evironmental variance (Ve) = Error mean squares (EMS)

(Phenotypic Variance) V= Vg(Genotypic Variance) _V, (Envi-
ronmental Variance)

Heritability broad sense (H?) on entry mean basis was calcu-
lated as:

Heritability (BS) = Vg / VP

The expected response to selection (Re) for each trait was
calculated as under:

Re = Kvvp H?
Where:
k = 1.40 at 20% selection intensity for a trait.
V,= Phenotypic variance for a trait.
H?= Broad sense Heritability for a trait.
Genotypic Coefficient of Variation

(GCV) = VVg /GM x 100
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Phenotypic Coefficient of Variation
(PCV) = VVP /GM x 100

Where:

Vg= Genotypic variance

V,= phenotypic variance

GM= Grand mean of the trait
Correlations

The simple correlation of yield with other yield compo-
nents was worked out according to the procedure outlined.

phenotypic correlation coefficients (rp)

= Covp(X1,X2)/VP(X1)xVP(X2).

Where,

CovP (X1, X2) = Phenotypic covariance for X1, X2

Vp (X1) & Vp (X2) = Phenotypic variances for traits X1 and
X2

Results and Discussion
Days to 50% silking

For days to 50% silking, highly significant variation (P<0.01)
revealed by ANOVA within the blocks, treatments, checks, ac-
cessions and check vs test genotypes and block (for values see
supp data). Days to 50% silking revealed highly significant posi-
tive correlation with days to maturity (r=0.494), days to tassel-
ing (r= 0.914), plant height (r= 0.389), tassel length (r= 0.607),
and grains cob™ (r= 0.495) (Table 1). Broad-sense heritability for
days to silking calculated was 0.98% (Table 2). Days to 50% silk-
ing ranged from 47.00 (Acc-14906) to 68.00 (Acc-15147) days
(Table 3).

Days to 50% silking is an important trait, usually, determine
earliness to maturity of the maize crop. Genetic diversity in the
studied material for days to silking revealed highly significant dif-
ferences among the genotypes; these results are in close agree-
ment with the trait under discussion by [21]. Such diversity can
be bitterly exploited for the improvement of maize germplasm
for maturity characters. Heritability was found to be highest for
days to 50% silking [22]. High values of GCV and PCV were ob-
served for 50% days to silking, however, very low values of GCV
and PCV have also been reported [23]. Days to 50% silking had a
highly significant positive correlation with plant height [24].

Days to 50% tasseling

For days to tasseling, highly significant variation (P<0.01) re-
vealed by ANOVA within the blocks, treatments, accessions and
check vs test genotypes and blocks (for values see supp data).
Days to 50% tasseling revealed highly significant positive cor-
relation with days to maturity (r= 0.502), days to 50% silking (r=
0.914), tassel length (r=0.439) and grains cob™ (r= 0.421) (Table
1). Broad-sense heritability for days to tasseling calculated was
0.91% (Table 2). Days to 50% tasseling ranged from 44.00 (Acc-
14906) to 63.00 (Acc-15147) days (Table 3).

Tasseling beside with other maturity attributes is usually
utilized by plant breeder as the basis of deciding maturity of
maize. Nkomo et al. (2013) [25] stated that tasseling is one of
the most important stages in maize production. Analysis of vari-
ance for days to tasseling revealed highly significant differences

among the genotypes [21]. We experienced a high heritability
for days to 50% tasseling while; low heritability was originated
as well [26]. High GCV and PCV for days to 50% tasseling were
observed; obtained low value.

Days to 90% maturity

For days to 90% maturity, non-significant variation (P>0.05)
was observed for blocks, treatment, and accessions (for values
see supp data). However, check the source of variation was high-
ly significant (P<0.01) while check vs test genotypes showed sig-
nificant (P<0.05) differences. Days to maturity revealed highly
significant (p<0.01) positive correlation with days to 50% silking
(r=0.494**), days to 50% tasseling (r= 0.502**), and significant
differences (p<0.05) with tassel length (r= 0.316*) and grains
cob? (r= 0.267%*). Broad-sense heritability for days to maturity
calculated was 0.37% (Table 2). Day to 90% maturity ranged
from 77.00 (Acc-14906) to 103.00 (Acc-15147) (Table 3).

Analysis of variance for days to 90% maturity revealed sig-
nificant differences among the genotypes; however, similar re-
sults were manifested for the said attribute and heritability was
found to be moderate for days to maturity [24,27]. Moderate
values of broad-sense heritability have also been detected in
maize accessions. The highly significant positive correlation was
observed for days to 90% maturity with days to 50% tasseling
and days to 50% silking [28]. Low heritability for this particular
trait is an evidence of the influence of environment on this par-
ticular trait.

Plant height (cm)

For plant height, highly significant variation (P<0.01) was ob-
served for all sources of variation i.e. blocks, treatment, checks,
accessions and check vs test genotypes (for values see supp
data). Plant height revealed highly significant positive corre-
lation with days to silking (r= 0.389), tassel length (r= 0.621),
and showed significant correlation with ears plant? (r= 0.256),
grains cob™ (r= 0.267). Broad-sense heritability for plant height
calculated was 0.97% (Table 2). Plant height ranged from 37.18
cm (Acc-14883) to 212.40 cm (Acc-15187) (Table 3).

Plant height plays an imperative role in plant lodging. Con-
sequently, maize breeders give special attention to this trait in
maize breeding. Analysis of variance pertaining to plant height
revealed highly significant differences among different geno-
types of maize crop [29,30]. High heritability estimates were
observed for plant height coupled with a high range of GCV and
PCV suggested that genetic improvement might be achieved
through the simple selection process for the said trait [31-33].
A significant correlation was revealed between plant height and
grains cob™ [34].

Number of ears plant?

For ears plant?, highly significant variation (P<0.01) was re-
corded for blocks, treatment, accessions and check vs test gen-
otypes (for values see supp data), however, the variation was
significant (P<0.05) for checks only. Ears plant® revealed signifi-
cant positive correlation with plant height (r= 0.256). Broad-
sense heritability for a number of ears plant® calculated was
0.99% (Table 2). Ears plant® ranged from 1.00 (Acc-14906) to
4.00 (Acc-15147) (Table 3).

Analysis of variance for ears plant™ manifested significant dif-
ferences for all the genotypes with low heritability [26]. High
broad-sense heritability was also estimated for a number of
ears plant? by Jigjiga and Gebrewahd (2014) [35]. The non-sig-
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nificant negative correlation was observed between ears plant®
and grains cob™ while the significant positive association was
demonstrated for the said attributes [36].

Tassel length (cm)

For tassel length, highly significant variations (P<0.01) were
observed for blocks, treatment, accession, checks and check vs
test genotypes explained by ANOVA (for values see supp data).
Tassel length revealed highly significant positive correlation
with days to 50% silking (r= 0.607), days to 50% tasseling (r=
0.439), plant height (r=0.621), number of grains cob™ (r= 0.497)
showed significant correlation with days to 50% maturity (r=
0.316) (Table 1). While broad-sense heritability for tassel length
calculated was 0.88% (Table 2). Tassel length ranged from 25.00
cm (Acc-14911) to 49.25 cm (Acc-15076) (Table 3).

Heritability was found to be high for tassel length with sig-
nificant variation among the accessions [37,38]. Moderate her-
itability results are also displayed for the said characteristic by
[39,40]. High GCV and PCV was observed for tassel length [41].
The highly significant positive correlation was found between
tassel length and plant height; [42] described the non-signifi-
cant positive correlation for the trait under debate.

Number of grains cob™

ANOVA for grains cob?exhibited highly significant variation
(P<0.01) was observed for blocks, treatment, accession, checks
and check vs test genotypes (for values see supp data). Grains
cob? revealed highly significant positive correlation with days
to 50% silking (r= 0.495), days to 50% tasseling (r= 0.421), tas-
sel length (r=0.497), rows cob? (r= 0.355) and significant cor-
relation with days to 50% maturity (r= 0.267), plant height (r=
0.267), while broad sense heritability for number of grains cob™
calculated was 1.00% (Table 2). Grains cob™ ranged from 25.00
(Acc-15081) to 490.00 (Acc-15276) grains (Table 3).

The average mean squares for different characters revealed
that the results were highly significant for all the characters and
hence indicated the presence of significant genetic variability
in the material providing sufficient scope for further selection
[43]. Heritability in this study was high for a number of grains
ear! however; other researchers reported high to moderate
heritability [43,44]. GCV and PCV for grains cob™® were almost
similar in this particular study while Sharma et al. (2014) [43]
reported high PCV as compared to GCV. Inamullah et al. (2011)
[45] reported a maximum number of grains for Syngenta and
lowest for Baber with negative correlation to ears plant™.

Number of rows cob™

ANOVA explained highly significant (P<0.01) differences for
rows cob® for treatment and accessions and significant varia-
tion (P<0.05) for checks whereas checks vs test genotypes and
blocks showed non-significant results (for values see supp data).
Number of rows cob™ revealed highly significant positive corre-
lation with grains cob™ (r= 0.355) (Table 1), while broad-sense
heritability for number of rows cob™ calculated was 0.58% (Ta-
ble 2). A number of rows cob™? ranged from 15.50 for Acc-15047
to 8.00 for Acc-15059) (Table 3).

A number of rows ear? is an important yield parameter,
which can significantly contribute to the grain yield. Analysis
of variance for a number of rows ear? indicated that the dif-
ferences among the genotypes were highly significant. Similar
findings have been reported for this particular trait by Saleem
et al. (2002) [21]. High to moderate heritability and GCV values

were observed for a number of rows cob™ [46].The non-signif-
icant negative correlation was observed between a number of
rows cob? and plant height. The highly significant positive as-
sociation has been explained for the said traits [47,48].

Conclusion

The research work comprising evaluation of 60 maize germ-
plasm along with three check cultivars for agro-morphological
characteristics and estimation of heritabilities was carried out
during the year 2016 using Augmented design in three blocks at
PGRI, NARC, Islamabad, Pakistan.

Most of the genotypes were identified as early maturing
with a maximum number of ears plant®and grains cob™. High
broad-sense heritability estimates were recorded for days to
50% silking, days to 50% tasseling, plant height, ears plant?, tas-
sel length and grains cob™for the development and improve-
ment of superior inbred lines. GCV for most of the traits was
comparatively higher than that of PCV suggested that the varia-
tion is due to the genetic potential of the accessions and hence
the existence of sufficient variability and potential for genetic
improvement through selection will be possible. A number of
grains cob were positively correlated with days to 50% silking,
days to 50% tasseling, tassel length, rows cob™ at both geno-
typic and phenotypic level. However, grains cob™ had negative
relationships with ears plant® at a genotypic and phenotypic
level reflecting the possibility of increasing productivity through
selection for early maturity in areas with short rainfall period.
The present investigation revealed that a wide range of genetic
variability was exhibited by the tested genotypes for most of
the traits under study.

1. Based on the present research, the following recom-
mendations were drawn for use of these maize inbred lines in
future breeding programs.

2. Almost all the traits were found high heritable by hav-
ing high heritability range (0.88 to 1.00), which can guide the
breeders for further improvement.

3. A number of grains cob? manifested significant posi-
tive correlation with yield contributing traits i.e. days to 50%
silking, days to 50% tasseling, tassel length, rows cob?, days to
90% maturity, plant height.

4.  Almost all of the maize genotypes manifested highly
significant differences inthe majority of the traits and revealed
greater genetic variability.

Maize genotypes Acc-15276, Acc-14980, Acc-15047, Acc-
15179and Acc-15029 were screened as best lines for their mean
performance and maximum heritability and could be used in
future breeding programs to enhance the grain yield in maize.
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Tables

Table 1: The coefficient of phenotypic correlation among eight important traits of 60 maize genotypes along with three check cultivars

evaluated during the year 2016 of Kharif crop season at PGRI, NARC-Islamabad, Pakistan.

Traits Days to ?0% Dayf t(.) 50% Days to .50% Plant height | Tassel length Number of Nu.mber of
maturity silking tasselling ears plant? grains cob?
Days to 50% silking 0.494%**
Days to 50% tasseling 0.502** 0.914**
Plant height 0.236NS 0.389** 0.231NS
Tassel length 0.316* 0.607** 0.439** 0.621**
Number of ears plant? 0.095NS -0.136 -0.167 0.256* 0.082NS
Number of grains cob? 0.267* 0.495** 0.421** 0.267* 0.497** -0.031
Number of rows cob™ 0.042NS 0.083NS 0.197NS -0.13 0.050NS 0.103NS 0.355**

Significant = *, Highly Significant = **

Table 2: Genotypes means of important characteristics of 60 maize genotypes along with three check cultivars coupled with pheno-
typic, genotypic and environmental variances, the coefficient of variations, Broad-Sense Heritability and Standard error evaluated during
the year 2016 of Kharif crop season at PGRI, NARC-Islamabad, Pakistan.

Traits VE GV VP GCV PCV H? SE

Days to 50% silking 0.44 33.28 33.87 84.77 78.53 0.98 0.66
Days to 50% tasseling 1.77 24.32 26.68 96.41 82.70 0.91 1.33
Days to 90% maturity 75.44 58.91 159.50 81.00 133.27 0.37 8.68
Plant height 24.70 1174.94 1207.88 296.29 293.60 0.97 0.03
Number of ears plant? 0.00 0.28 0.28 40.94 40.83 0.99 4.97
Tassel length 3.31 32.68 37.10 100.42 94.27 0.88 1.81
Number of grains cob™ 30.03 11729.31 11769.36 733.12 724.3 1.00 5.48
Number of rows cob™ 1.1361 2.06 3.57 42.02 55.32 0.58 1.06

Ve: Error Mean Square; GV: Genotypic Variance; Vp: Phenotypic Variance: GCV: Genotypic Coefficient of Variance: PCV: Phenotypic Coef-
ficient of Variance; H?: Broad Sense Heritability, SE: Standard Error.

Table 3: Mean values of days to silking, days to tasseling, days to maturity, plant height (cm), number of ears plant?,
tassel length (cm), number of grains cob™ and number of grain rows cob™

Accessions DS DT DM PH NEPP TL NGPC NGRC
Acc-14883 51 49 89 37.2 1.5 34 139.7 12.3
Acc-14886 47 44 89 114 1.7 31.6 189.3 12
Acc-14889 52 49 89 90 1.5 27.9 141.3 11.3
Acc-14899 47 44 89 90 2 25 115 10
Acc-14900 52 48 89 113 2 33 110 13
Acc-14903 48 45 77 94.3 1.8 27.8 171.3 12.7
Acc-14904 47 44 77 99.2 2.2 253 148.3 11.3
Acc-14906 47 45 77 88.7 13 28.2 121 11
Acc-14907 47 45 77 63.5 15 26.3 70 13
Acc-14909 47 44 77 113.3 1.6 30.5 110 10
Acc-14911 49 46 77 84 1.8 25 97.7 9
Acc-14914 55 51 89 90.3 13 33.7 297.3 12.7
Acc-14926 52 48 89 160 2 30 66 10.7
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Acc-14966 62 56 89 188 1 42 290 10
Acc-14975 55 48 97 157.4 1.4 395 267.3 10.7
Acc-14979 52 a7 97 184 4 41 276 12
Acc-14980 56 52 97 165 3.5 433 400.7 13
Acc-14982 61 55 97 135.3 13 37 218 11.3
Acc-15000 57 53 97 161 1.7 38.2 250 11.3
Acc-15002 66 61 103 161 1 46.5 223 10.3
Acc-15013 62 58 103 140.8 1 35.5 109.5 10.5
Acc-15026 53 47 77 155 1.6 37.6 146.3 11.7
Acc-15029 47 43 89 134.5 1.6 35.9 354.7 14.7
Acc-15040 62 56 89 184.3 2 43.3 293 11
Acc-15043 47 43 89 128.6 1.6 36.8 158.3 11.7
Acc-15047 62 56 89 120 2 41.3 396.5 15.5
Acc-15059 49 45 103 120 2 29.5 61.3 8

Acc-15068 62 57 103 140 1 28 247 13
Acc-15071 62 56 103 163.3 1.3 40 342 115
Acc-15074 47 43 97 142.2 2 343 80 12
Acc-15076 62 55 77 168 2 49.3 157.3 10.3
Acc-15081 48 44 89 112 2.7 38 25 14
Acc-15094 54 48 89 182.3 1.7 40.5 193.7 11.7
Acc-15096 53 48 97 150.2 1.6 394 175.3 10.7
Acc-15097 51 48 89 135.8 1.4 41.6 253 10.7
Acc-15099 52 48 89 147.2 1.8 33 243 11.7
Acc-15103 52 48 89 142 2 333 145 10
Acc-15106 56 53 97 153 2 35 48 12
Acc-15107 47 43 89 140 1.8 36.3 127.7 12.3
Acc-15108 57 48 89 153 2 41.5 184 8

Acc-15117 49 45 77 147.4 1 36.2 210.3 11.7
Acc-15118 49 46 89 111.5 1 40.3 175 10
Acc-15142 58 54 103 135.8 1.6 39.8 345.7 11.3
Acc-15147 68 63 103 134 2 40 174 135
Acc-15155 62 56 89 156 1 35 253 11
Acc-15161 51 49 77 130 1.3 35.3 174 12.3
Acc-15162 48 45 89 130.2 1.6 333 251 11.7
Acc-15179 66 62 97 158.5 1 38.8 358.5 13.5
Acc-15182 62 55 97 181.5 2.3 45.8 251.7 13.7
Acc-15187 62 55 97 212.4 2 41.1 219.3 10.3
Acc-15191 54 51 89 170.8 2 33.4 202.7 13
Acc-15227 53 50 89 127 2 29 140 14
Acc-15231 52 49 103 164.7 2 34 204 12
Acc-15236 55 51 89 152.3 2 343 50 10
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Acc-15276 62 57 97 137 1.6 40.5 490 14
Acc-15280 58 55 89 142 2 38.5 327 13.5
Acc-15291 51 48 89 124 2 343 300 10
Acc-15302 55 52 89 170 2 28 276 12
Acc-15328 56 48 89 156.4 2 41.8 186 9.7
Acc-15330 61 56 97 136 2 40.5 305 10
Haq Nawaz-1 58 52 96 150.5 1.5 44.6 429.5 125
Haq Nawaz-1 60 54 98 152.5 1.5 46.6 431 14.4
Haq Nawaz-1 57 51 97 153.1 1.4 44.8 433.1 14.2
ISL-W 56 55 68 138.5 1.5 39 295 12
ISL-W 58 53 70 136.6 1.4 40 297.3 10.8
ISL-W 57 52 69 137.2 1.3 41 298.1 11.4
Azam 58 52 96 150.5 1.5 44.6 325 125
Azam 60 53 96 150.5 1.5 42.3 322.2 125
Azam 59 53 70 136.6 1.4 40 310.1 10.8

DS: days to 50% silking; DT: Days to 50% Tasseling; DM: Days to 50% Maturity; PH: Plant Height (cm); NEPP: Number of Ears
Plant?; TL: Tassel Length (cm); NGPC: Number of Grains Cob*; NGRC: Number of Rows Cob™

10.

11.

12.

References

Marquez-Sanchez JSF, C Sahagun-C. Synthetic varieties or com-
posite varieties. Maydica. 2002; 47: 103-105.

Schnabel PS, Ware D, Fulton, RS, Stein JC, Wei F, et al. The B73
maize genome: complexity, diversity, and dynamics. Science.
2009; 326:1112-1115.

Andorf CM, Cannon EK, Portwood JL, Gardiner JM, Harper LC,
et al.MaizeGDB update: new tools, data and interface for the
maize model organism database. Nucleic acids research. 2015;
44: D1195-D1201.

Goodman MM. Broadening the genetic diversity in maize breed-
ing by use of exotic germplasm. The Genetics and Exploitation of
Heterosis in Crops. 1999: 139-148.

Coe Jr EH, Neuffer MG, Hoisington DA, Sprague GF, Dudley JW.
The genetics of corn. 19888: 1-258.

Poehlman, JM. Breeding corn (maize). In Breeding Field Crops.
1987: 451-507.

Anonymous. Highlights Pakistan Economic Survey. Economic Ad-
viser’s Wing, Finance Division, Government of Pakistan, Islam-
abad. 2015

Njeru, N. Some physiological studies of different maize varieties
at N.A.R.S. Kitale. Rome, Italy. FAO. 1983: 511-517.

Sleper DA, Poehlman JM. Breeding Field Crops. The Blackwell
Publishing Inc. Ames Lowa. 2006.

Rashid K, Rasool G. Rainfall variability and maize production over
the Potohar Plateau of Pakistan. Pakistan J. Meteorol. 2011; 8:
63-74.

Bhandari G. Assessment of climate change impacts and adap-
tation measures in the Kapilbastu District of Nepal. Appl. Ecol.
Environ. Sci.2013; 1: 75-83.

Larson D. James E. Utilizing maize maturity for drought avoid-
ance purpose. ETD collection for the University of Nebraska-
Lincoln. 1993.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Akbar M, Shakoor S, Hussain A, Sarwar M. Evaluation of maize
3-way crossed through genetic variability, broad sense heritabil-
ity, characters association and path analysis. Journal of Agricul-
tural Research. 2008; 46: 39-45.

Hallauer AR, Miranda Filho JB. Quantitative genetics in maize
breeding. 2nd ed. Ames, lowa: lowa State University Press.
1988; 468 pp.

Wagqar-ul-Hag M, Malik F, Rashid M, Munir M, Akram Z. Evalu-
ation and estimation of heritability and genetic advancement
for yield-related attributes in wheat lines. Pakistan Journal of
Botany. 2018; 40: 1699-1702.

Kashiani P, Saleh G, Abdullah NAP, Abdullah SN. Variation and
genetic studies on selected sweet corn inbred lines. Asian Jour-
nal of Crop Sciences. 2010; 2; 78-84.

Laghari KA, Sial MA, Afzal AMA, Mirbahar AA, Pirzada AJ, Dahot
MU Mangrio SM. Heritability studies of yield and yield-associat-
ed traits in bread wheat. Pakistan Journal of Botany. 2010; 42:
111-115.

Burton GW, Devane EH. Estimating heritability in tall fescue (Fes-
tuca arundinacea) from the replicated clonal material. Agrono-
my Journal. 1953; 45: 478-481.

Johnson HW, Robinson HF, Comstock RE. Estimates of genetic
and environmental variability in soybeans. Agronomy Journal.
1955; 47: 314-318.

Singh RK, Chaudhary BD. Line x Tester analysis. Biometrical
Methods in Quantitative Genetic Analysis, Ed. 1985; 3: 215-
223.

Saleem M, Shahzad K, Javid M, Ahmed, A. Genetic analysis for
various quantitative traits in maize (Zea mays L.) inbred lines.
International Journal of Agriculture Biology. 2002; 4: 379-382.

Kumar GP, Reddy VN, Kumar SS, Rao PV. Genetic variability, heri-
tability and genetic advance studies in newly developed maize
genotypes (Zea mays L.). International Journal of Pure Applied
Bioscience. 2014; 2: 272-275.

Bello OB, Ige SA, Azeez MA, Afolabi MS, Abdulmaliq SY, Maha-

Journal of Plant Biology and Crop Research



MedDocs Publishers

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

mood, J. Heritability and genetic advance for grain yield and its
component characters in maize (Zea mays L.). International Re-
search Journal of Plant Research. 2012; 2: 138-145.

Halidu J, Abubakar L, Izge UA, Ado SG, Yakubu H, Haliru BS. Cor-
relation analysis for maize grain yield, other agronomic param-
eters, and Striga affected traits under Striga infested/free envi-
ronment. Journal of Plant Breeding Crop Science. 2015; 7: 9-17.

Nkomo GV, Mapanda F, Chiteka AZ, Mutezo WT. Short-term ef-
fects of seed-dressing with associative-nitrogen-fixing bacteria
on flowering, silking and yield of maize in Zimbabwe. Interna-
tional Working Paper Series. 2013; 04: 2-12.

Shabbir SM, Muhammad A, Amer H. Correlation and path co-
efficients studies of some morphophysiological traits in maize
double-crosses. Pakistan Journal of Agriculture Sciences. 2007;
44:213-216.

Shazia G, Dar ZA, Lone AA, Khan MA, Bhat MA, Ali G, Yousuf N,
Lone RA. Genetic Diversity in Maize (Zea mays L.) Inbred Lines
from Kashmir. International Journal of Pure App. Biosciences.
2017; 5: 229-235.

Shah NH, Rehman N, Siddig M, Khan Z. Phenology, yields and
their correlations in popular local and exotic maize hybrids at
various nitrogen levels. Sarhad Journal of Agriculture. 2011.

Noor M, Rahman H, Durrishahwar Ml, Shah SMA, Ullah I. Evalu-
ation of maize half-sib families for maturity and grain yield at-
tributes. Sarhad Journal of Agriculture. 2010; 26: 545-549.

Stromberg DC, Campton WG. Ten cycles of full-sib recurrent se-
lection in maize. Crop Sciences. 1989; 29: 1170-1172.

Mahmood Z, Malik SR, Akhtar R, Rafique T. Heritability and ge-
netic advance estimates from maize genotypes in ShishiLusht a
valley of Krakurm. International Journal of Agriculture and Biol-
ogy. 2014; 6: 790-791.

Mustafa HS, Ahsan M, Aslam M, Ejaz-ul-Hasan QA, Bibi T, Meh-
mood T. Genetic variability and traits association in maize (Zea
mays L.) Accessions under drought stress. Journal of Agriculture
Research.2013; 51: 231-238.

Vashistha A, Dixit NN, Dipika, Sharma SK, Marker S. Studies on
heritability and genetic advance estimates in Maize genotypes.
Bioscience Discovery. 2013; 4: 165-168.

Alaei, Y. Correlation analysis of corn genotypes morphological
traits. International Research Journal of Applied and Basic Sci-
ences. 2012; 3: 2355-2357.

Jigjiga E, Gebrewahd KG. Genetic Variability and Relationships of
Drought. 2014.

Inamullah NR, Shah NH, Arif M, Siddiq M, Mian IA. Correla-
tions among grain yield and yield attributes in maize hybrids at
various nitrogen levels. Sarhad Journal of Agriculture. 2011; 27:
531-538.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Brown PJ, Upadyayula N, Mahone GS, Tian F, Bradbury PJ,
Myles, S, Rocheford TR. Distinct genetic architectures for male
and female inflorescence traits of maize. PLoS Genet. 2011; 7:
€1002383.

Muungani, D. Combining ability in eleven maize (Zea mays L.)
few tassel branch mutants (fbr) under optimum and drought
stress environments (No. Look under author name. CIMMYT.
2010.

Upadyayula N, Da Silva HS, Bohn MO, Rocheford TR. Genetic and
QTL analysis of maize tassel and ear inflorescence architecture.
Theoretical and Applied Genetics. 2006; 112: 592-606.

Galarreta JIRD, Alvarez A. Morphological classification of maize
landraces from Northern Spain. Gen. Resource and Crop Evolu-
tion. 2011; 48: 391-400.

Shiri M, Momeni H, Geranmayeh B. The Survey of the Mor-
phological and Physiological Basis of Maize Grain Yield under
Drought Stress Condition through Path Analysis. Technical Jour-
nal of Engineering and Applied Sciences. 2013: 3647-3651.

ParvezA, Haq IU, Ashfag M. Some Studies on The Physical-Mor-
phological Characters Contributing Towards Resistance in Some
Maize Cultivars Against Stem Borer Chilo Partellus (S.). Pakistan
Journal of Agriculture Sciences. 2000; 37: 3-4.

Sharma R, Maloo SR, Joshi A. Genetic variability analysis in di-
verse maize genotypes (Zea mays L.). Electronic Journal of Plant
Breeding. 2014; 5: 545-551.

Jansen C, de Leon N, Lauter N, Hirsch C, Ruff L, Libberstedt T.
Genetic and morphometric analysis of cob architecture and bio-
mass-related traits in the intermated B73x Mo17 recombinant
inbred lines of maize. Bioenergy Research. 2013; 6: 903-916.

Ullah H, Khalil IH, Hassan G, Ullah I. Performance of local and
exotic inbred lines of maize under agro-ecological conditions of
Peshawar. Sarhad Journal of Agriculture. 2006; 22: 409-414.

Mani BR, Deshpande SK. Genetic Variability and Character As-
sociation Studies on Yield and Yield Attributing Traits in Maize
(Zea mays L.) Inbreds. The International Journal of Science and
Technology. 2016; 4: 7-10

Munawar M, Shahbaz M, Hammad G, Yasir M. Correlation and
path analysis of grain yield components in exotic maize (Zea
mays L.) hybrids. International Journal of Sciences: Basic and
Applied Research. 2013; 12: 22-27.

Rafig C, Rafique M, Hussain A, Altaf M. Studies on heritability,
correlation and path analysis in maize (Zea mays L.). Journal of
Agriculture Sciences. 2010; 48.

Journal of Plant Biology and Crop Research



