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Abstract: The study was conducted to measure both genetic and phenotypic associations among all studied
characters of popcorn. Six basic generations viz. two parents, F , F , BC  and BC , of single cross popcorn were1 2 1 2

used in this study. These generations were developed after selection of desired parents. The parental
inbredlines,  PS-1  and  BD-1  were  selected  on   their   maturity   and   grain   yield   potential.  The resultant
F  (PS-1 × BD-1) was selfed to obtained F  and crossed with its male and female parents as well in the same1 2

season to obtained BC  and BC  generations. Maturity characters including days to anthesis, silking and1 2

maturity were positively and significantly correlated with each other at both genetic and phenotypic level.
Maturity traits were negatively associated with yield contributing traits. Phenotypic correlation of days to
silking and maturity with percent unpopped grains was positive and significantly. Quality parameter, expansion
volume was negatively but significant correlated with all yield contributing traits including, fresh ear weight,
ear diameter, ear length, kernel row per ear, grains per row, grain per ear, grain yield, biological yield and harvest
index both at genetic and phenotypic level. Phenotypic association of expansion volume was negative and
significant with percent unpopped grains. Both genetic and phenotypic correlation of yield contributing traits
was positive and significant with each other. Positive correlation between yield related traits indicted that grain
yield could be improved by making selection on any of these studied yield characters.
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INTRODUCTION Popcorn requires similar environmental conditions and

Maize (Zea mays L.) is third important cereal crop popcorn brust into flacks at about at 177°C inner kernel
after wheat and rice and is classified as extremely diverse temperature. According to Hoseney et al. [4] although the
crop genetically due to its cross pollinated nature. It can moisture content of grain at popping varies, but mostly
be grown under temperate, sub-tropical and tropical ranges from 12 to 15%. The principal distinguishing
adverse agro-climatic conditions of the world. Maize feature “popping expansion” of popping maize is under
behaves in a protandrous way, a phenomenon in which control of four or five dominant genes and a greater
the pollen shedding normally begins one to three days number of recessive genes [2].
prior to the emergence of silks [1]. A  great  diversity  in Correlation is an important genetic parameter which
morphology and physiology of maize is resulted in the is extensively exploited  in  maize  breeding   programs.
process of selection. Based on kernel type maize is The expression of a character in a plant is the
grouped into dent, flint, flour, sweet, pop and pod corn consequences of a chain of inter relationships between
[2]. Popcorn (Zea mays everta Sturt.) or popping corn two or more variables, either directly or through other
puffs up upon exposure to heat because of a hard events. Correlation studies pave the way to know the
moisture-sealed hull. Variation between popcorn and associations prevailing between highly heritable
standard maize exist due to shape, size and structure of characters with most economic characters. Correlation
kernels. Popcorn popularity as a snack food has been coefficient analysis helps to determine the nature and
increased over a period of time in developing countries. degree   of    relation     between   any     two   measurable

growth requirements to those for dent corn [3]. At heating
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characters. The observed relationship among different required. Data were recorded in each plot in each
traits is obvious due to phenotypic correlation, while the replication on ten plants in P , P  and F , while 20 plants
true relationship can be seen in the form of genotypic were used for data recording in F , BC  and BC . Data were
correlations among the characters. Knowledge on these recorded  on  the  following parameter as mentioned
will be of immense help in the selection of suitable plant below.
types. Days to 50% anthesis, silking, plant height (cm), ear

MATERIALS AND METHODS (g), grain moisture at harvest (%), ear diameter (cm), ear

The parental inbredlines used in this study were ear , 100- kernel weight (g), grain yield (kg ha )
developed from indigenous and exotic (Bangladesh)
popcorn populations. Male parent was selected from
exotic material, while, female parent was from indigenous
material. The basic six generations (Parents, F , F , BC1 2 1

and BC ) were developed at Cereal Crops Research where,2

Institute, Pirsabak. Six generations including two Parents, MC = moisture content (%) in grains at harvest 
F , F , BC  and BC  were developed in two growing FEW=Fresh ear weight (kg) at harvest1 2 1 2

seasons for studied single cross by using manual Shelling Co-efficient = Shelling percentage/100 
pollination procedure of crossing and selfing as described Biological yield, harvest index
by Russell and Hallauer [5]. During the first growing Harvest index was calculated by following [6].
season (Spring, 2012), the F hybrid was developed by1

crossing two selected parents (PS-1 and BD-1). Part of
seed from each inbred line and their resultant F  hybrid1

were grown in the field during summer 2012 for the
production of F , BC  and BC  generations. F  generation Expansion volume2 1 2 2

was synthesized by selfing F . Similarly by crossing the1

F1 hybrid with male and female parents we obtained the Expansion volume = [Total popped volume (cm )] /
BC  and BC  generations, respectively. The material [Original sample weight (g)] [7].1 2

comprising six entries including two parents, F , F , BC1 2 1

and BC were evaluated in there replications using Percentage of unpopped kernels2

randomized complete block  (RCB)  design  at  Cereal
Crops  Research   Institute   Pirsabak,   Nowshera  and Percentage of unpopped kernels = (Number of total
The University of Agriculture (UOA), Peshawar, Pakistan unpopped kernels/Original number of kernels) x 100 [7].
during summer (July-October) 2013. Three non-
segregating generations including P , P  and F  were Statistical Analysis: Variance and covariance1 2 1

planted in  four   rows  while  segregating  generations components were estimated from analysis of variance and
like, F , BC   and  BC   were  sown  in  eight  rows  each. analysis of covariance at individual location (Table 1 & 2),2 1 2

To maintain a desired fertility level macro nutrients of following [8] and [9].
NPK were applied @ 200 kg N, 90 kg P O  and 90 kg SSP Genotypic and phenotypic correlation coefficients2 5

per hectare. Single Super Phosphate (SSP) and potash as were calculated according to the following equations
sulphate of Potash were used for application of P O  as a using META-R software [10].2 5

whole in first doze, while N in the form of urea was applied
in split application at land preparation and three weeks Genotypic Correlation: Genotypic correlations (r ) were
after emergence. Pre-emergence control of seeds from calculated using the following relationship [11]. 
insects was insured by Confidor WP-60 while, Furadon
granules (3%) were applied for insect control after one
month of planting in the leaf whirls. Weeds were
controlled through application of Primextra Gold @ 600 ml
ha . Need based hand weeding and other cultural where,1

practices were also carried out for weed control after four Cov (X , X ) = genetic covariance X , X .
weeks of emergence. The crop was irrigated as and when V (X ) and V (X ) = genetic variances for traits X , X .

1 2 1

2 1 2

height (cm), days to maturity, fresh ear weight at harvest

length (cm), kernel rows ear , kernels row , kernels1 1

1 1

3

G

G 1 2 1 2

G 1 G 2 1 2
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Table 1: Analysis of variance for generations on mean data of two locations
Source of variation Degree of freedom Expected mean squares
Reps (r-1) ….
Genotypes (g-1) +r2 2

e g

Error (g-1)(r-1) 2
e

Total (rg-1) ….

Table 2: Analysis of covariance for generations on mean data of two
locations

Source of Degree of Sum Cross Mean Cross
variation freedom Product Product
Reps (r-1) RSCP RSCP/2
Genotypes (g-1) GSCP GSCP/5
Error (g-1)(r-1) ESCP ESCP/10
Total (rg-1) TSCP ….

Phenotypic Correlation: Phenotypic correlation
coefficient between two traits, X  and X  (r ) were1 2 P

calculated using SAS computer program according to the
following formula [11]. 

where,
Cov (X , X ) = phenotypic covariance X , X .P 1 2 1 2

V (X ) and V (X ) = phenotypic variances for traits X , X .P 1 P 2 1 2

RESULTS

Genetic and phenotypic association among studied
traits has been presented in Table 3, similarly genetic
correlation is also previewed diagrammatically in Fig. 1.
Days to anthesis was positively and significantly
correlated with days to silking and maturity both at
genetic  and  phenotypic  level. Both days to anthesis and

silking were negatively and significantly association with
plant height, ear height and ear length. Similarly days to
silking was also positively and significantly correlated
with days to maturity and percent unpopped grains.
Similarly phenotypic correlation of  expansion  volume
was  also  positive  with days to silking and anthesis.
Both genetic and phenotypic associations of days to
maturity and expansion were positive and non-significant,
while genetic correlation of days to maturity with percent
unpopped grains was positively significant level of this
correlation. Phenotypic correlation between days to
maturity and percent unpopped grains was found
positively significant. Although genetic and phenotypic
correlation of days to maturity with percent unpopped
grains were positive but reached a significant level only
in phenotypic association.

Plant and ear height were negatively, but significantly
correlated with days to maturity both at genetic and
phenotypic level. Phenotypic correlation of plant height
with ear diameter, grains row , grain ear  and hundred1 1

grain weight was positively significant. Both plant and ear
height was negative and significantly correlated with
percent unpopped grains at phenotypic level.

Genetic correlation between plant height and
expansion volume was negative and non-significant.
Similarly phenotypic correlation of expansion volume and
plant height was also negative. Similarly genetic
correlation between ear height and expansion volume was
positively non-significant. Genetic correlation between
plant height and percent unpopped grains was negative
and non-significant. Similarly phenotypic correlation of
percent unpopped grains and plant height was also
negative but significant. Genetic correlation between ear
height and percent unpopped grains was negatively non-

Fig. 1: Dendrogram and biplot for genetic correlation among studied traits in cross PS-1 × BD-1
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Table 3: Phenotypic (above diagonal) and genotypic (below diagonal) correlation among flowering, plan and yield parameters in cross (PS-1 × BD-1)

Traits DA DS PH EH DM FWT ED EL NKR NGPR NGPC HGWT GYLD BYLD HI Exp.Vol %Unpop

DA 1 0.99 -.83 -.66 0.92 -0.33 -0.43 -0.48 -0.45 -0.39 -0.45 -0.40 -0.32 -0.34 -0.26 0.35 0.42** ** ** ** *

DS 0.99** 1 -.85 -0.67 0.93 -0.29 -0.40 -0.46 -0.41 -0.36 -0.42 -0.37 -0.29 -0.30 -0.23 0.31 0.46** ** ** * *

PH -0.90** -0.90** 1 0.41 -0.80 0.39 0.38 0.54 0.36 0.52 0.52 0.48 0.43 0.39 0.37 -0.25 -0.49** * * * * *

EH -0.70 -0.71 0.41 1 -0.81 -0.36 -0.05 -0.09 -0.12 -0.25 -0.19 -0.17 -0.36 -0.34 -0.41 0.24 -0.56** *

DM 0.94** 0.95** -0.86* -0.84* 1 -0.04 -0.20 -0.24 -0.16 -0.18 -0.22 -0.22 -0.05 -0.04 -0.01 0.02 0.64**

FWT -0.34 -0.31 0.44 -0.37 -0.05 1 0.81 0.87 0.93 0.89 0.93 0.86 0.97 0.99 0.94 -0.94 0.40** ** ** ** ** ** ** ** ** **

ED -0.47 -0.44 0.45 -0.07 -0.26 0.86* 1 0.90 0.89 0.84 0.90 0.76 0.85 0.81 0.83 -0.78 0.14** ** ** ** ** ** ** ** **

EL -0.56 -0.53 0.56 -0.12 -0.3 0.94** 0.98** 1 0.89 0.90 0.94 0.87 0.89 0.89 0.85 -0.82 0.09** ** ** ** ** ** ** **

NKR -0.47 -0.44 0.43 -0.14 -0.18 0.94** 0.96** 0.99** 1 0.84 0.91 0.86 0.89 0.92 0.87 -0.93 0.28** ** ** ** ** ** **

NGPR -0.43 -0.41 0.59 -0.26 -0.22 0.94** 0.92** 0.94** 0.89* 1 0.98 0.89 0.96 0.91 0.95 -0.77 0.14** ** ** ** ** **

NGPC -0.48 -0.45 0.58 -0.2 -0.25 0.94** 0.96** 0.98** 0.94** 0.99** 1 0.91 0.97 0.94 0.95 -0.83 0.14** ** ** ** **

HGWT -0.49 -0.45 0.57 -0.22 -0.23 0.98** 0.99** 0.99** 0.98** 0.99** 0.99** 1 0.87 0.87 0.84 -0.74 0.07** ** ** **

GYLD -0.34 -0.31 0.49 -0.37 -0.09 0.98** 0.89* 0.95** 0.92** 0.98** 0.97** 0.99** 1 0.97 0.99 -0.87 0.30** ** **

BYLD -0.37 -0.33 0.44 -0.35 -0.07 0.99** 0.86* 0.94** 0.95** 0.93** 0.94** 0.97** 0.98** 1 0.94 -0.93 0.40** **

HI -0.27 -0.24 0.45 -0.43 -0.03 0.97** 0.89* 0.94** 0.90* 0.98** 0.97** 0.99** 0.99** 0.97** 1 -0.83 0.29**

Exp.Vol 0.36 0.33 -0.32 0.25 0.04 -0.94** -0.80* -0.89* -0.95** -0.80* -0.83* -0.88* -0.87* -0.95** -0.84* 1 -.54*

%Unpop 0.46 0.51 -0.51 -0.63 0.70 0.44 0.07 0.13 0.32 0.14 0.15 0.20 0.32 0.43 0.31 -0.55 1

DA = days to anthesis, DS = days to silking, PH = plant height, EH = ear height, DM = days to maturity, FWT = fresh ear weight, ED = ear diameter, EL = ear length, NKR = kernel rows ear ,1

NGPR = grains per row, NGPC = grains per ear, HGWT = hundred grain weight, GYLD = grain yield, BYLD = biological yield, HI = harvest index, Exp.Vol = expansion volume and%Unpop
= percent unpopped grain

ignificant. Similarly phenotypic association between ear characters (expansion volume and percent unpopped
height and percent unpopped grains was also negative grains) was negative in magnitude with significant nature
but significant. Genetic correlation of ear height with at phenotypic level only.
number of grains per row was positive and significant.
Likewise genetic correlation between ear height and DISCUSSION
number of grains per cob was found negative in nature.
Phenotypic correlation of ear height with number of grains Positively significant association among flowering
per row and number of grains per cob negative and non- traits is an indication for direct selection of promoting
significant. All yield contributing traits were positively early maturity in maize crops. The presence of positive
and significantly associated with each other both at relationships among these traits is an indication that
genetic and phenotypic level. Both phenotypic and desirable genes controlling their inheritance could be
genotypic correlation of fresh ear weight were positively effectively exploited in further breeding programs for
significant with ear diameter, ear length, kernel rows ear , varietal improvement [12]. Presence of genetic correlations1

grains row , grains ear , hundred grain weight, grain indicated that the association among flowering traits is a1 1

yield, biological yield and harvest index. Positive true association as they exclude the environmental
correlation between ear diameter and ear weight is an variances. It also indicated that selection based on such
indication of improved grain yield. Both genetic and genetic association would be inherited in the next
phenotypic correlation of fresh ear weight with grain generation. Similar results of positive correlation between
yield, biological yield and harvest index was highly days to anthesis and silking were also reported by Yousuf
positive and significant. Significantly positive association and Saleem, [13]; Halidu et al. [14] and Mehri, [15]. Our
of these important yield and yield related traits indicated results of positive association between days to anthesis
that while making selection based on fresh ear weight will and maturity traits are in line with those reported by Kinfe
increase grain yield as well. Genetic association of ear et al. [16]. They also observed significant association of
diameter with ear length was positive. Similar ear diameter positive nature between days to silking and days to
was positively correlated with ear length, number of kernel maturity. Our results of negative association between
rows, number of grains per row, number of grains per cob, days to anthesis, plant height and ear height are also
grain yield, biological yield and harvest index at confirmed by Yousuf and Saleem, [13]; Oloyede-Kamiyo,
phenotypic level. Expansion volume was negatively but [17] and Mehri, [15], who also reported negative
significantly correlated with all yield related traits association of days to anthesis with plant and ear height
including fresh ear weight, ear length, ear diameter, kernel in maize. Similarly our non-significant correlation of days
rows ear , grains row , grains ear , hundred grain to anthesis with plant and ear height are also supported1 1 1

weight, grain yield, biological yield and harvest index. by Yousuf and Saleem, [13] and Oloyede-Kamiyo [17],
Both genetic and phenotypic association between quality who observed positive association between these traits.
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On other hand, contrasting results of positively different seasons. Kumar et al. [21] also obtained
significant association between these traits were reported positively significant association of plant height with
by Kinfe et al. [16], while dealing with different breeding grain yield. Our results of negative correlation between
populations of maize crop. Our results of positive plant characters and expansion volume are in line with
correlation between expansion volume and flowering those obtained by Dhliwayo, [18]. From such results it is
character were confirmed by Dhliwayo [18]. Results concluded that in case of positive correlation if we are
indicated that as the days to maturity increase the number making selection for ear height, ultimately we are selecting
of unpopped grains will be high. Such positive for higher grains per row and higher grains per cob as
association between these traits was also supported by well, otherwise the results will be opposite in negative
Dhliwayo [18]. association. We could say that in plants with low or

This indicated that selection for ear height would also medium ear height the performance will be better in yield
increase fresh ear weight in case of positive association. characters. Our results of positive association are in close
On contrary, there is a reduction in fresh ear weight if conformity with those reported by Kumar et al. [21]. Our
selection is practiced for higher ear height. Similar results results of positive between ear height with hundred grain
of  positive   but   non-significant   correlation   have  been weight association are in close conformity with those
reported by Yousuf and Saleem, [13] and Haddadi et al. reported by Haddadi et al. [19]. The positive of ear height
[19]. In such a positive association, plants of high stature with biological and grain yield, indicated that an increase
would probably have more number of leaves that will trap in ear height will not only increase biological yield but
more sun light and lead to an increased amount of grain yield as well. Similarly in case of negative
photosynthates in plant. Our results of positive association the plant with high ear height would produce
association between plant height and ear weight are in low grain and biological yield. Our results of association
line with those reported by Shukla and Mishra [20]. among plant height, grain yield, biological yield and
Dhliwayo [18] reported contrary results between plant harvest index are in line with those reported by Kumar et
height and kernel weight of negative correlation both at al. [21]. Our results of positive association between fresh
genetic and phenotypic level. Correlation between plant ear weight and percent shelling were reported by Shukla
height and ear length was positive and significant. Kumar and Mishra, [20]. Our results of positive association
et al. [21] and Haddadi et al. [19] also reported positive between ear weight and ear diameter are in close
association of plant height with these yield related traits. conformity with those reported by Shukla and Mishra
The positive association of plant height with grain yield [20]. Our results of positive correlation between fresh ear
and biological yield, indicated that an increase in plant weight and ear length are in line with those obtained by
height will not only increase biological yield but grain Shukla and Mishra, [20]. Significantly positive association
yield will also be enhanced. Similar results of positive of these important yield characters indicated that
correlation between plant height and kernel rows have selection for any one of them will increase grain yield.
been reported by Abdullah et al. [22]. From such results Such results of positive correlation among these traits
we can predict that if we are making selection for plant have also been reported by Dhliwayo, [18]. This also
height ultimately we are selecting genotypes with high suggested that indirect selection would be fruitful for
grains per row and grains per cob as well. We could say increasing grain yield. Positive and significant association
that in high plants the ability of trapping sunlight will be of fresh ear weight with grain yield has also been reported
more compared to the dwarf one, that’s why they perform by Henfy, [23] and Oktem, [24]. Kumar et al. [21], also
better in yield characters also. Our results of positive reported similar results of positive association of ear
association are in also in close conformity with those diameter with ear length, number of kernel rows, number
reported by Kumar et al. [21] and Abdullah et al. [22]. of grains per row, number of grains per cob, grain yield,
Positive association of plant height and hundred grain biological yield and harvest index. It is obvious from the
weight is positive which will lead to the selection of results that making selection for ear diameter will also
genotypes superior both in plant height and grain weight. have a positive impact on grain yield.
Our results of positive association were in contrast with
those reported by Haddadi et al. [19] and Abdullah et al. ACKNOWLEDGEMENTS
[22]. Haddadi et al. [19] and Abdullah et al. [22],who
reported both positive and negative association of grain I am cordially thankful to Higher Education
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