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The study was conducted at the research farm of Regional Agricultural Research Station (RARS), 

Rahmatpur, Barishal during the period from October 2018-May 2019 to evaluate the performance, 

association and relationship between the characters of eighteen genotype of popcorn, on the aspect 

of plant growth, yield and yield attributing characters. The study was carried out in a Completely 

Randomized Block Design (RCBD) with three replications. All of the studied characters varied 

significantly among the cultivars. Genotypic co-efficient of variation was low for all of the 

characters except grain yield and ear height gave moderate phenotypic co-efficient of variation 

while taste of quality exhibit low phenotypic co-efficient of variation. Heritability in broad sense 

(h
2
b) was high for 1000 seed weight, cob length, shelling percentage and grain yield. Relationship 

between yield and yield contributing characters was studied through correlation analysis. There was 

significant positive relationship between days to tassel & days to silking, ear height (cm) & plant 

height (cm). Direct and indirect influence on grain yield was determined through path analysis. Ear 

height (cm), grain yield (t ha
-1

) and number of seeds per cob showed positive direct effect on grain 

yield. The residual effect was 0.346. Path analysis indicated that number of seeds per cob was the 

major contributors to grain yield.  
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in any plant breeding programs. Hybrids can be developed from single, 

double and three-way crosses. Single crosses have been reported to be 

the best sources of germplasm because they are high yielding and are 

adapted to a wide range of environments compared to three-way and 

double-cross hybrids (Boonlertnirun et al., 2012). Knowledge of 

genetic diversity in popcorn is important in designing hybrids. 

Genetic distance provides useful information on divergence of 

different genotypes that exploit heterosis (Azad et al., 2012).  

Popping quality is an important factor for selection in popcorn. High 

quality popcorn is free from pronounced hulls, having good kernel 

color, popping expansion and flavor, and is fluffy and tender 

(Allred-Coyle et al., 2000; Dickerson, 2003). Expansion volume is 

another quality trait of great importance to consumers (Shimoni et 

al., 2002; Borras et al., 2006). Considering the above facts, the main 

objectives of the study is to understand the genetic parameters which 

govern the inheritance of popcorn yield.  

 

1. Introduction 

Popcorn (Zea mays L. Everta) is an important snack food worldwide 

with significant nutritional benefits, including minerals and vitamins 

(Jele et al., 2014). It is an economically important crop with possible 

multiplier effects like income generation for under-resourced 

communities, especially in developing countries (Oz & Kapar, 

2011). Despite increasing the use of popcorn as a snack worldwide, 

adequate production is hampered by lack of varieties. This, 

therefore, calls for genetic improvement to develop new adapted 

hybrids. There are not many programs which emphasize popping 

ability in maize in many developing countries. The breeding of 

popcorn is not given as much attention as dent maize.  

Currently, popcorn breeding program is neglected in Bangladesh. 

Additional quality traits of popcorn such as popping expansion, 

freedom from hulls, and overall texture of flakes need to be 

considered by popcorn breeders. Yield increase has been the major aim 
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2. Materials and methods 

The research farm is located at 22°42” North latitude and 90°23” East 

longitude. The study area is covered by Gangetic Tidal Floodplains and 

falls under Agro ecological Zone ‘AEZ-13’. The area lies at four meter 

above mean sea level. It belongs to the Non-Calcareous Grey Floodplain 

Soils (Non-saline, Ganges Tidal Alluvium) under AEZ-13. Total 18 

varieties were undertaken in this study. Seeds of selected popcorn variety 

were collected from the Plant breeding division of BARI at Joydebpur, 

Gazipur, Bangladesh. Kernel size was measured by counting the number 

of kernels per 10 g sample for all genotypes before popping. The 

experimental plot was nicely prepared mechanically in November 24, 

2018. One deep ploughing, followed by two or three harrowing was used 

to bring the soil to a fine tilt. Weeds and other rubbishes were removed 

from the field.  

2.1  Experimental design and layout 

The study was laid out in a single factor Randomized Complete Block 

Design (RCBD) with three replications. Plot size for each entry is 4m 

rows×4m long. 60cm×25cm row to row & plant to plant spacing was 

used (single plant per hill). The recommended fertilizer rates used for 

popcorn genotypes were 200 kg N, 50 kg P, 100 kg K and 40 kg S ha
−1

 

and standard agronomic practices were adopted for study. 

2.2  Statistical analysis 

Analysis of variance was done for all the characters under study using the 

mean values (Singh & Chaudhury, 1985). Genotypic and phenotypic 

variances were analyzed according to the formula given by Johnson et al. 

(1955). Genotypic and phenotypic co-efficient of variation were estimated 

according to Burton (1952) and Singh & Chaudhury (1985). Heritability in 

broad sense was estimated using the formula suggested by Johnson et al. 

(1955) and Hanson et al. (1956). Expected genetic advance under selection 

was analyzed using the formula suggested by Johnson et al. (1955). Genetic 

advance in percent of mean was calculated as proposed by Comstock & 

Robinson (1952). The components of correlation co-efficient of different yield 

attributes with grain yield per hill were partitioned into components of direct 

and indirect effects by path co-efficient analysis. Path analysis was done 

according to Singh and Chaudhury (1985) and Dabholkar (1992) was 

originally suggested by Dewey & Lu (1959). 

3. Results 

Results of study revealed that, all of the studied characters varied significantly 

among the cultivars. Significant differences were observed among popcorn 

genotypes for all traits (Table 1). This substantial variability provides a good 

prospect for improving traits of interest in popcorn breeding programs. 

Genetic parameters of yield and their components are given in Table 2. In the 

Table 1 Analysis of variance (mean squares) for different characters of genotypes of Popcorn 
 

Source of 

variation 
df 

Days to 

silking 

Days to 

tasseling 

Plant 
height 

(cm) 

Ear 
height 

(cm) 

Cob 
length 

(cm) 

No. of seed 

cob-1 

Shelling 

(%) 

1000 seed 

weight (g) 

Grain 
yield 

(t ha-1) 

Popping 

percentage 

Taste of 

quality 

Replication 2 0.014 0.296 72.38 133.35 1.681 771.24 3.98 0.014 0.033 3.16 0.041 

Genotype 17 1.886* 2.505* 477.17** 464.25** 5.404** 3703.85* 50.95** 0.061** 1.195** 27.61** 1.676** 

Error 34 0.847 1.218 186.21 138.11 0.651 1741.84 6.43 0.007 0.151 10.99 0.025 

Mean 

 

74.13 75.63 213.56 101.59 20.42 551.70 72.49 2.10 4.33 94.83 1.83 

SE (±) 0.19 0.22 2.97 2.93 0.32 8.28 0.97 0.03 0.15 0.72 0.18 

CV (%) 1.24 1.46 6.39 11.57 3.95 7.56 3.50 4.02 8.97 3.50 8.67 

**, *, ns denotes significant at 1% level of significance, significant at 5% level of significance and non-significant respectively. 

 
Table 2 Estimation of heritability, genetic advance and genetic advance in percentage of mean in respect of eleven characters of Popcorn 

 

Characters 
Phenotypic 

variance (2p) 

Genotypic 

variance (2g) 
Grand mean PCV (%) 

GCV 
(%) 

Heritability (%) GA 
GA (% of 

mean) 

Days to silking 1.19 0.346 74.13 0.79 1.47 29.02 0.65 0.88 

Days to tasseling 1.65 0.429 75.63 0.87 1.70 26.05 0.69 0.91 

Plant height (cm) 283.20 96.99 213.56 4.61 7.88 34.25 11.87 5.56 

Ear height (cm) 246.82 108.71 101.59 10.26 15.46 44.04 14.25 14.03 

Cob length (cm) 2.235 1.58 20.42 6.16 7.32 70.88 2.18 10.69 

No. of seed cob-1 2395.84 654.00 551.70 4.64 8.87 27.30 27.52 4.99 

Shelling (%) 21.27 14.84 72.49 5.31 6.36 69.77 6.63 9.14 

1000 seed weight (g) 0.025 0.018 2.10 6.39 7.53 72.00 0.23 11.17 

Grain yield(t ha-1) 0.499 0.348 4.33 13.62 16.31 69.74 1.01 23.44 

Popping percentage 16.53 5.54 94.83 4.29 2.48 33.51 2.81 2.96 

Taste of quality 0.575 0.550 1.83 41.45 40.54 95.65 1.49 81.67 

𝜎2𝑔  = Genotypic Variation, 𝜎2𝑒  = Environmental Variation, 𝜎2𝑝  = Phenotypic Variation, GCV = Genotypic Coefficient of Variance, GCV = Phenotypic 

Coefficient of Variance, ECV = Environmental Coefficient of Variance, GA =Genetic Advance, GAPM = Genetic Advance in Percent of Mean. 
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present study, the highest phenotypic variances were observed for 

number of seeds
-1

 (2395.84) followed by plant height (283.20) and ear 

height (246.82) respectively while the lowest phenotypic variance was 

observed for 1000 seed weight. The highest genotypic variances were 

observed for number of seeds
-1

 (654.00) followed by ear height 

(108.71) and plant height (96.99) respectively while the lowest 

genotypic variance was observed for 1000 seed weight.  

Genotypic correlations and phenotypic correlations are presented in 

Table 3. Genotypic co-efficient of variation was low for all of the 

characters except grain yield and ear height gave moderate phenotypic 

co-efficient of variation while taste of quality exhibit low phenotypic co-

efficient of variation. Heritability in broad sense (h
2
b) was high for taste 

of quality, 1000 seed weight, cob length, shelling percentage and grain 

yield. Ear height (cm), plant height (cm) and popping percentage showed 

moderate heritability in broad sense (h
2
b) while days to silking, number of 

seed cob
-1 

and days tasseling displayed low heritability in broad sense 

(h
2
b). Taste of quality and grain yield (t ha

-1
) showed high genetic 

advance in percentage of mean. Moderate genetic advance in percentage 

of mean was observed in ear height (cm), 1000 seed weight (g) and cob 

length (cm). Rest of the traits under study showed low genetic advance in 

percentage of mean. 

The genotypic correlation coefficients of various yield contributing 

characters with grain yield were further partitioned into direct and 

indirect effects (Table 4). Relationship between yield and yield 

contributing characters was studied through analysis of correlation 

between them. There was significant positive relationship between days 

to tassel & days to silking, ear height (cm) & plant height (cm), 1000 

seed weight (g) & plant height (cm), 1000 seed weight (g) & ear height 

(cm), taste of quality & cob length (cm), grain yield (t ha
-1

) & no. of seed 

cob
-1

. On the other hand, popping percentage & number of seed cob
-1

, 

1000 seed weight (g) & shelling percentage, popping percentage & grain 

yield (t ha
-1

), taste of quality & popping percentage showed negative 

correlation among themselves. 

The path coefficient analysis was performed using correlation coefficient 

to determine direct and indirect influence considering eleven characters. 

Cob length (cm) exerted highest direct effect toward grain yield. Ear 

height (cm), grain yield (t ha
-1

) and no. of seed cob
-1

 also had a positive 

direct effect on grain yield. Popping percentage showed highest direct 

negative effect on grain yield. Shelling percentage, days to tassel days to 

silking, plant height (cm) and 1000 seed weight (g) exerted direct 

negative effect on grain yield. The residual effect was 0.3461 that is 

almost 66% of the effect exerted through these characters. Besides, some  

 

Table 3 Genotypic (rg) and phenotypic (rp) correlation coefficient among yield and yield contributing traits of different popcorn genotypes 
 

Characters  
Days 

tasseling 

Plant 

height 
(cm) 

Ear height 

(cm) 

Cob 

length 
(cm) 

No. of 

seed cob-1 

Shelling 

(%) 

1000 seed 

weight 
(g) 

Popping 

percentage 

Taste of 

quality 

Grain yield 

(t ha-1) 

Days to silking 
rg 0.750** -0.303 0.094 0.188 0.371 0.430 -0.074 -0.179 0.266 0.420 

rp 0.936** -0.241 0.020 0.250 0.385 0.379 -0.078 -0.047 0.204 0.385 

Days to tasseling 
rg  -0.107 0.257 0.400 0.392 0.215 -0.095 -0.045 0.272 0.356 

rp  -0.130 0.097 0.381 0.347 0.169 -0.053 0.005 0.263 0.315 

Plant height (cm) 
rg   0.696** 0.075 -0.005 -0.347 0.497* 0.090 -0.076 0.042 

rp   0.825** 0.126 0.058 -0.319 0.327 0.103 -0.083 0.097 

Ear height (cm) 
rg    0.294 0.186 -0.303 0.611** -0.103 0.083 0.219 

rp    0.304 0.178 -0.246 0.500* -0.090 0.054 0.275 

Cob length (cm) 
rg     0.282 0.065 0.043 -0.303 0.468* 0.190 

rp     0.330 0.047 0.015 -0.098 0.454 0.185 

No. of seed cob-1 
rg      0.113 -0.127 -0.565* 0.447 0.640** 

rp      0.075 -0.129 -0.337 0.421 0.662** 

Shelling (%) 
rg       -0.514* -0.042 -0.071 0.101 

rp       -0.475* -0.047 -0.082 0.114 

1000 seed weight 

(g) 

rg        -0.081 -0.092 -0.052 

rp        -0.075 -0.083 -0.037 

Grain yield (t ha-1) 
rg         0.435 0.602* 

rp         0.700** -0.540* 

Popping percentage 
rg          0.435 

rp          0.416 

**, *, ns denotes significant at 1% level of significance, significant at 5% level of significance and non-significant respectively. 
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other factors which have not been considered here need to be included in 

this analysis to account fully for the variation in yield. 

Character association studies suggest that taste of quality, 1000 seed 

weight, cob length, shelling percentage and grain yield should be 

considered for future breeding program. However, integrated approach of 

improving quantitative and qualitative trait will consequently help to 

increase the yield potential and quality of popcorn. 

4. Discussion and conclusion  

4.1 Heritability, genetic advance and genetic advance in percentage 

of mean 

Genotypic and phenotypic coefficients of variance were high for taste of quality. 

Grain yield (t ha
-1
) and ear height (cm) exhibit moderate GCV and PCV. Rest of 

the characters, viz. no. of seed cob
-1
, plant height (cm), 1000 seed weight (g), cob 

length (cm), shelling (%), popping percentage, days to tassel and days to silking 

showed low genotypic and phenotypic coefficient of variance.  

The study indicated the presence of substantial genetic variability among 

the genotypes but this depended on the environment. The results are in 

accordance with Mitrovic et al. (2012) who reported that the highest 

percentage of variation in their study was explained by environment. The 

variability among genotype for grain yield contributing characters in corn 

was also reported by Solanke et al. (2013). This is an indication that 

genetic variation for the traits under study was present, is good for 

breeding because breeding depends on availability of variation. The 

observed large genetic variation is in line with a number of studies that 

have reported genetic variation for economic traits such as plant and ear 

height (Bello et al., 2012; Kage et al., 2013) and grain yield (Bello et al., 

2012). Therefore, most traits have the potential to be included in the 

selection index for hybrids. 

Taste of quality, 1000 seed weight (g), cob length (cm), shelling (%) and 

grain yield (t ha
-1

) showed high heritability in broad sense. It indicates 

characters are least influenced by environment and selection for 

improvement of such characters may be useful. Moderate heritability in 

broad sense were observed in ear height (cm), plant height (cm) and 

popping percentage. So, these characters are influenced by environment 

to some extent and there is a scope of improvement through breeding 

program. Days to silking, no. of seed cob
-1

 and days tasseling exhibit low 

heritability. These results are in agreement with Asghar & Mehdi (2010) 

who reported heritability of 38% for grain yield. However, high levels of 

heritability for both yield and morphological traits have also been 

reported by other researchers which are consistent with the current study. 

Aminu & Izge (2012) reported the highest heritability estimates of 99% 

for grain yield. High heritability estimates in corn for grain yield were 

also reported by Lorenzana & Bernardo (2008). Therefore, there would 

be a high response to selection for grain yield. Further, Aminu & Izge 

(2012) reported moderate heritability of 58% for ear height. Ear height 

results are in line with the findings of Lorenzana & Bernardo (2008).  

In case of genetic advance in percent of mean, taste of quality and grain 

yield (t ha
-1

) showed high genetic advance. Which mean the character is 

governed by additive genes and selection will be beneficial for such 

traits. Ear height (cm), 1000 seed weight (g) and cob length (cm) showed 

moderate GAPM; which indicate both additive and non-additive gene are 

involve in such character. Shelling (%), plant height (cm), no. of seed 

cob
-1

, popping percentage, days to tasseling and days to silking showed 

low genetic advance in percent of mean, suggesting that the character is 

governed by non-additive genes and heterosis breeding may be useful. 

4.2 Correlation coefficient 

For better understanding of the correlation of different characters towards 

grain yield, it is important to study correlation along with path analysis. 

Simple correlation was partitioned into genotypic and phenotypic 

components. Yield is a complex product being influenced by several inter-

dependable quantitative characters. So, selection may not be effective unless 

the other contributing components are not considered. When selection 

procedure is applied for improvement of any character highly associated with 

Table 4 Partitioning of genotypic correlations into direct and indirect effects of yield contributing traits in popcorn genotypes 
 

Characters 

Days 

to 
silking 

Days 

tasseling 

Plant 

height 
(cm) 

Ear 

height 
(cm) 

Cob 

length 
(cm) 

No. of 

seed cob-1 

Shelling 

(%) 

1000 

seed 

weight 

(g) 

Popping 

percentage 

Taste of 

quality 

Grain 

yield      
(t ha-1) 

Days to silking -0.242 0.171 0.073 0.027 0.065 0.015 -0.059 0.023 0.109 0.226 0.420 

Days tasseling 0.182 -0.228 0.026 0.073 0.138 0.015 -0.030 0.029 0.027 0.272 0.356 

Plant height (cm) 0.073 0.024 -0.242 0.199 0.026 -0.0002 0.048 -0.154 -0.055 -0.076 0.042 

Ear height (cm) -0.023 -0.059 -0.168 0.286 0.102 0.007 0.042 -0.189 0.062 0.083 0.219 

Cob length (cm) -0.046 -0.091 -0.018 0.084 0.346 0.011 -0.009 -0.013 0.184 0.468* 0.190 

No. of seed cob-1 -0.089 -0.090 0.001 0.053 0.098 0.039 -0.016 0.039 0.343 0.447 0.640** 

Shelling (%) -0.104 -0.049 0.084 -0.087 0.022 0.004 -0.138 0.159 0.025 -0.071 0.101 

1000 seed weight (g) 0.018 0.022 -0.120 0.174 0.015 -0.005 0.071 -0.310 0.049 -0.092 -0.052 

Popping percentage -0.102 -0.081 -0.010 0.063 0.066 0.025 -0.014 0.016 0.36 0.435 0.602* 

Taste of quality 0.043 0.010 -0.022 -0.029 -0.105 -0.022 0.006 0.025 0.107 -0.765** 0.435 

The bold and underlined figures are direct effect toward yield per plant; Residual effect = 0.3461 
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yield, it simultaneously affects a number of other correlated characters. Hence 

knowledge regarding association of character with yield and among yield 

contributing characters provides guideline to the plant breeders for making 

crop improvement through selection (Dewey & Lu, 1959). 

Days to silking found to display significant positive relationships with 

days tasseling. Plant height was found to have significant positive 

relationship with ear height. Cob length found to display significant 

positive relationships with taste of quality. Number of seed cob
-1 

showed 

significant positive relationship with grain yield. It also showed 

significant negative relationship with popping percentage. Shelling 

percentage was found to have significant negative relationship with 1000 

seed weight (g) (-0.514). 1000 seed weight found to display significant 

positive relationships with plant height and ear height. 

Taste of quality showed significant positive relationship with cob length 

(cm) (0.468); and nonsignificant relationship with days to silking (0.226), 

days tasseling (0.272), ear height (cm) (0.083), number of seed cob
-1 

(0.447) and grain yield (t ha
-1

) (0.435). It also showed significant negative 

relationship with popping percentage (-0.765); and non-significant 

negative relationship with plant height (cm) (-0.076), shelling (%) (-

0.071) and 1000 seed weight (g) (-0.092). 

Grain yield is positively correlated with days to silking and tasselling (Altenbas 

& Algan, 1993; Ahmad, 1997; Rather et al., 1999). Rather et al. (1999) reported 

the association of plant height with grain yield as non-significant. Number of 

ears plant
-1 

is also strongly associated with grain yield. Ear height, ear length and 

ear diameter have also positive genetic correlation with grain yield. Plant height, 

ear height showed significant positive association towards grain yield was 

reported by Abirami et al. (2007). 

4.3 Path coefficient analysis 

Through path analysis, the direct and indirect influences of yield contributing 

traits towards yield were worked out. Here yield was considered as effect 

(dependent variable). In case of plant height (cm), ear height (cm), cob length 

(cm), no. of seed cob
-1
, shelling (%),1000 seed weight (g), grain yield (t ha

-1
) 

and popping percentage are independent variable. 

In case of plant height (cm), ear height (cm), cob length (cm), no. of seed 

cob
-1

, shelling (%), 1000 seed weight (g), grain yield (t ha
-1

) and popping 

percentage correlation coefficient and the direct effect was almost equal; 

which suggest that the correlation coefficient explains true relationship 

and a direct selection would be effective.  

Correlation between taste of quality and days to silking; taste of quality and days 

tasseling were positive but the direct effect was negative indicate that the indirect 

effect is the cause of correlation. In these situation, the indirect causal factors 

should be considered simultaneously. The residual effect (R) was 0.3461, 

indicating there were also some other characters which may contribute more 

than 34% towards yield although not studied but influenced the yield. 
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