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Abstract

The present investigation was carried out to assess the genetic 
variability parameters, correlation and path analysis in 30 maize 
genotypes for 15 quantitative traits in rabi and kharif seasons during 
2019-20 at Sam Higginbottom University of Agriculture Technology 
and Sciences, Uttar Pradesh in Randomized Block Design replicated 
thrice. ANOVA for all quantitative characters revealed that 
treatment differences were highly significant in both the seasons 
under study at 1% level except for number of kernel rows per cob 
in Kharif season. Genotypes CML-193-1, CM-137 and CML-K5/ATM 
depicted highest grain yield in both the environments. The values 
of PCV were higher than GCV values for all the characters in both 
the seasons and large difference between the values of PCV and 
GCV of characters like grain yield per plant, cob weight, shank 
weight and anthesis-silking interval under both seasons, indicated 
that environmental factors significantly influenced the expression 
of these traits. All the traits studied had higher heritability, genetic 
advance at 5% selection intensity and genetic advance as percent 
of mean in rabi season than in kharif season, high expected genetic 
advance coupled with high heritability was observed for grain yield 
per plant, cob weight, plant height and ear height indicating the 
presence of large proportion of additive genetic action deciding 
these traits. Correlation and path coefficient studies suggest that 
selection based on characters cob girth, number of kernel rows per 
cob, cob weight and 100 kernel weight had positive correlation and 
direct effects with grain yield per plant. Therefore, it is concluded 
that effective selection must be attempted for these traits which 
would help in improvement of grain yield in maize genotypes 
suitable for different environments.

Key words: Variability parameters, Association analysis,Maize (Zea 
mays L.)

1. Introduction

Maize (Zea mays L.; 2n=20) is the world’s leading crop and 

is widely cultivated as cereal grain that was domesticated 

in Central America. It is one of the most versatile crops 

having wider adaptability that can be grown in diverse 

seasons and ecologies, is also known as “Miracle Crop” 

and “Queen of the Cereals” because of its highest genetic 

yield potential. Maize plays a very important role in 

human and animal nutrition due to high nutritional 

significance enriched with abundant amount of starch, 

fibre, protein and fat along with micronutrients like 
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vitamin B complex, Beta-carotene and essential minerals, 

i.e., magnesium, zinc, phosphorous, etc. Nutraceutical 

properties of phenolic and anthocyanin compounds 

in maize offer antioxidant activities that protects from 

various degenerative diseases (Shikha et al., 2019). It is 

an important crop for large populations as human food, 

livestock feed, and strong demand for bioethanol, for 

production of sweeteners and non-food industrial products 

(i.e., bio-degradable packaging materials) and provides 

opportunity for value addition. 

Currently, 1147.7 million MT of maize is being produced 

together by over 170 countries from an area of 193.7 

million ha with an average productivity of 5.75 t/ha 

(FAOSTAT, 2020).In India, during the 2019-2020 

cropping seasons, 9.7 million ha of land was covered with 

maize with national average productivity of 2.9 tonnes/

ha and production of 28.6 million tonnes is still far below 

the world average 5.1 tons/ha (Department of Agriculture 

Cooperation, 2020). In Uttar Pradesh, it occupies an area 

0.73 million hectares with an average productivity of 1.67 

tonnes/ha and production of 1.23 million tonnes (The 

International Plant Nutrition Institute (IPNI), Regional 

Profiles-India, 2018).

It is well known that the yield of a crop depends on the 

prevailing climatic condition of a particular area. Seasonal 

variation in temperature is an important climatic factor 

which can have profound effects on the growth and yield 

of crops. Changes in seasonal temperature affect the 

grain yield, mainly through phenological development 

processes. Climate change is of great concern at present, 

and there is a growing interest in understanding its impact 

on growth and yield of crops, and also identifying suitable 

management options to sustain the crops’ productivity 

under the changing climates scenario (Kalra et al., 2003).

There is lack of acceptance of Quality Protein Maize 

(QPM) materials by farmers because of several crucial 

issues plaguing these materials. Therefore, Identification 

of elite lines from germplasm is essential for improving 

Quality Protein Maize for with respect to yield potential, 

quality attributes and resistance to multitude environmental 

stresses. Germplasm has to undergo a cumbersome pre-

breeding process; Genetic variation can be unlocked from 

tropical maize germplasm through genetic approaches. 

It is important to understand the genetic variation 

present among the germplasm and the performance of 

these inbreds in different environmental conditions. An 

understanding of the nature and magnitude of variability 

for grain yield and its components among the inbred 

lines of maize and to ascertain the association among 

and between each components and yield is necessary for 

selecting an appropriate breeding procedure for evolving 

high yielding varieties. Therefore, present investigation 

was undertaken for the estimation of coefficient of 

variation, heritability and expected genetic advance for 

yield and yield attributing traits, the extent of correlation 

among traits at both phenotypic and genotypic levels, path 

coefficient analysis for direct and indirect effect of yield 

contributing traits on grain yield per plant in rabi and kharif 

which would be helpful for enhancing the maize grain 

productivity under respective environmental conditions.

2. Materials and Methods

The experimental materials for the present study was 

consist of 29 genotypes of Quality Protein Maize inbred 

lines, which were obtained from Directorate of Research, 

Sam Higginbottom University of Agriculture, Technology 

and Sciences (SHUATS), Prayagraj, U.P. The Check 

variety HQPM- 5 was obtained from Dr. Rajendra Prasad 

Central Agricultural University, Pusa, Samastipur, Bihar.

The experiment was carried out at Field Experimentation 

Center of the Department of Genetics and Plant Breeding, 

Naini Agricultural Institute, Sam Higginbottom University 

of Agriculture Technology and Sciences, Prayagraj 

(U.P) during rabi (2019-2020) and kharif (2020) season.

Genotypes were grown under Randomized Block Design 

(RBD) with three replications.

Observations for 11 traits viz. plant height (cm), ear height 

(cm), tassel length (cm), cob girth (cm), cob length (cm), 

number of kernel rows per cob, number of kernels per 

row, cob weight (g), shank weight (g), 100 kernel weight 

(g) and grain yield per plant (g) were recorded from five 

randomly selected competitive plants from each plot in 

each replication, while days to first tassel emergence (50%), 

days to first silk emergence (50%), anthesis-silking interval 

and days to maturity were recorded on the plot basis. The 

mean values of the data were subjected to ANOVA (Fisher, 

1936), Coefficient of Variation (Burton, 1952), Estimation 

of Heritability (Broad sense) (Burton and Devane, 1953), 

Genetic Advance ( Johnson et al., 1955), Genotypic and 

Phenotypic Correlation (Al Jibouri et al., 1958) and Path 

coefficient Analysis (Dewey and Lu, 1959).
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3. Results and Discussion

Analysis of variance for all fifteen quantitative characters 

revealed that treatment differences were highly significant 

in both the seasons under study at 1% level except for 

number of kernel rows per cob in Kharif season. A perusal 

of mean values of yield and yield contributing character 

revealed that among the thirty genotypes viz., VL-153237 

(133.57), CML-193-1 (133.40), CM-13 (123.33), CM-137 

(121.30), CML-163 (104.17) and CML-K5/ATM (103.03) 

were identified as best performers for yield and yield 

related characters in rabi season. In Kharif season, the 

genotypes CML-K5/ATM (70.76), CML-227 (67.71), 

CML-41-1 (55.83), VL-109266 (49.07), CML-193-1 (48.96) 

and CM-137 (48.07) were identified as best performers for 

yield and yield related characters. Mean performance was 

high for grain yield per plant for genotypes CML-193-1, 

CM-137 and CML-K5/ATM in both the environments.

Higher differences were observed between phenotypic 

and genotypic variance for traits viz., anthesis-silking 

interval, plant height, ear height, number of kernel rows, 

cob weight, shank weight, 100 kernel weight and grain 

yield indicating that the characters studied were greatly 

influenced by environment in both rabi and kharif season 

(Bello et al. 2012, Rajesh et al. 2013, Kumar et al. 2015, 

Supraja et al. 2019 and Khulbe et al. 2020). The characters 

namely anthesis-silking interval, grain yield per plant, ear 

height, cob weight and shank weight had higher PCV 

and GCV, moderate for plant height, tassel length and 

100 kernel weight under both seasons. While days to 

first tassel emergence, days to first silk emergence and 

days to maturity had lower PCV and GCV irrespective 

of environmental condition. The remaining characters 

were having the fluctuating PCV and GCV values under 

each environment. Genetic material had high amount 

of genotypic and phenotypic coefficient of variation 

for maximum characters in both seasons which can be 

exploited in crop improvement programme. The findings 

were in accordance with earlier findings reported by Bello 

et al., (2012), Rajesh et al., (2013), Kumar et al., (2015), Patil 

et al., (2016), Rahman et al., (2017) and Khan et al., (2018).

Heritability of all characters was higher in rabi season than 

kharif season, which indicated more exploitable variation 

of genotypes are present in rabi season. Traits except cob 

length and number of kernel rows per cob were having 

sufficient level of heritability from very high to moderate 

broad sense heritability across both seasons. The level cob 

length and number of kernel rows per cob heritability was 

significantly changed with seasons, where, high and low 

heritability in rabi and kharif season respectively for cob 

length. Moderate and low heritability in rabi and kharif 

season respectively for number of kernel rows per cob 

due to seasonal effect. Similar finidings were obtained 

by Kumar et al., (2015), Pandey et al., (2017) and Khan 

et al., (2018).

The traits had higher genetic advance at 5% selection 

intensity and genetic advance as percent of mean in 

rabi season than kharif season. This is because of higher 

magnitude of heritability for all the characters in rabi 

season compared to kharif season which indicate GA and 

GAM more responsive for all characters in rabi season 

over kharif. High expected genetic advance as per cent 

of mean coupled with high heritability was observed for 

grain yield per plant, cob weight, plant height and ear 

height. This indicate the genotypic variation present in the 

genetic material studied is probably due to additive genetic 

variance in both rabi and kharif season, which can be 

effectively exploited in crop improvement programme by 

proper selection. These obtained results are in accordance 

to similar findings with some deviation of Nagabhusan 

et al., (2011), Badawy et al., (2012), Rajesh et al., (2013), 

Bekele and Rao (2014), Beulah et al., (2018), Hassan et al., 

(2018), Bartaula et al., (2019) and Supraja et al., (2019).

Genotypic correlation coefficients were higher than 

phenotypic correlation coefficients and in same direction 

indicating the masking effect of environment on the 

association of characters except for days to silk emergence 

and anthesis-silking interval in rabi season. Grain yield per 

plant showed phenotypically and genotypically significant 

positive correlation with plant height, ear height, tassel 

length, days to maturity, cob length, cob girth, kernel rows 

per cob, kernels per row, cob weight, shank weight, 100 

kernel weight. Therefore, characters under study except 

anthesis-silking interval had contribution in increasing 

yield in rabi environment. It was observed that grain yield 

per plant had significant and positive correlation at both 

phenotypic and genotypic level with cob girth, cob weight 

and 100 kernel weight in kharif season. Trait number of 

kernel rows per cob exhibited high significant positive 

correlation and anthesis silking interval had significant 

negative association at genotypic level with grain yield 
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per plant at genotypic level in kharif. Similar findings 

were also reported by with some deviation of Aditi et al., 

(2014), Hussain et al., (2014), Kumar et al., (2015), Vijay 

et al., (2015), Gurpinder et al., (2016) and Varalakshmi et 

al., (2018).

The path coefficient analysis revealed that highest positive 

direct effect on grain yield per plant at genotypic level 

was exhibited by days to silking followed by cob weight, 

number of kernels per row, tassel length, cob girth and 

100 kernel weight. While, days to first tassel emergence 

(50%) followed by anthesis-silking interval, cob length and 

plant height had negative direct effect on grain yield per 

plant in rabi season. Similar results in maize have earlier 

been reported by Rafiq et al., (2010), Vijay et al., (2015) 

and Gurpinder et al., (2016).

It revealed that highest positive direct effect on grain yield 

per plant at genotypic level was exhibited by cob weight 

followed by 100 kernel weight and cob length. While, 

cob girth, days to first tassel emergence (50%) followed 

by number of kernels per row, anthesis-silking interval, 

shank weight and ear height showed high negative direct 

effect on grain yield per plant in kharif maize. Correlation 

and path coefficient studies reveal that characters cob 

girth, number of kernel rows per cob, cob weight and 100 

kernel weight had positive correlation and direct effects 

with grain yield per plant. Similar findings were reported 

with some deviation by Langade et al., (2013), Kumar et 

al., (2015), Vijay et al., (2015), Patil et al., (2016), Takhar et 

al., (2017) and Varalakshmi et al., (2018).

Table 4.1 Analysis of variance for quantitative characters of maize in rabi and kharif seasons

Source of Variation Replication Treatment Error

df 2 29 58

Environment Rabi Kharif Rabi Kharif Rabi Kharif

Days to first tassel emergence (50%) 9.10 21.23 352.93** 25.78** 1.72 6.47

Days to first silk emergence (50%) 12.90 18.74 323.06** 22.87** 2.85 6.72

Anthesis-silking interval 0.90 0.31 5.60** 1.73** 0.45 0.46

Plant height 318.67 38.54 2259.37** 1406.50** 49.25 87.80

Ear height 10.67 26.77 841.74** 351.69** 26.02 12.81

Tassel length 0.06 21.44 114.62** 105.50** 12.03 9.08

Days to maturity 13.33 14.63 102.19** 46.96** 3.37 12.13

Cob length 1.74 1.54 30.03** 8.48** 2.96 2.85

Cob girth 0.28 1.11 9.76** 3.60** 1.04 0.92

Number of kernel rows per cob 2.80 1.73 5.94** 2.22 1.51 2.15

Number of kernels per row 14.74 18.41 86.66** 32.77** 8.95 8.76

Cob weight 1577.47 420.39 2891.38** 522.91** 238.67 37.81

Shank weight 30.89 4.63 105.22** 35.44** 4.97 2.49

100 kernel weight 12.27 0.66 70.09** 31.31** 3.43 7.22

Grain yield per plant 269.15 379.92 2379.50** 463.94** 109.94 35.67

* at 5% level and ** at 1% level of significance respectively 
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Conclusion

Genotypes CML-193-1, CM-137 and CML-K5/ATM 

depicted highest grain yield in both the seasons. Traits 

except cob length and number of kernel rows per cob 

were having sufficient level of heritability from very high 

to moderate broad sense heritability across both seasons. 

High heritability coupled with high genetic advance as 

per cent of mean was observed for cob weight, plant 

height and ear height in both seasons. Correlation and 

path coefficient analysis revealed that selection based 

on characters cob girth, number of kernel rows per cob, 

cob weight and 100 kernel weight may bring out desired 

improvement towards high yielding genotypes suitable 

for multitude environment stresses. 
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