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Abstract 

Thirty maize in breds were evaluated for twelve traits and the experiment was laid out in a randomized 

block design with three replications. Analysis of variance showed significant difference for all the 

characters. Higher estimates of genotypic and phenotypic coefficient of variation were registered for 

anthesis-silking interval followed by cob height. All the characters showed marked differences between 

GCV and PCV estimates indicating that substantial variation for these characters was contributed by 

environmental components. The heritability estimates were found to be very high for plant height, 100 

seed weight, cob length, days to tasseling, cob diameter, days to silking, grain yield hectare-1and kernel 

rows cob-1. High genetic advance was recorded for plant height. Grain yield per hectare exhibited high 

significant positive correlation with cob diameter, cob height, 100 seed weight, number of kernels row-1, 

plant height and kernels cob-1. The significant positive correlation of these traits indicates the importance 

of these traits in selection for yield. This study gave an insight into the variability pattern of the inbred 

lines which will be helpful in their further utilization. 

 

Keywords: Genotypic coefficient of variation, phenotypic coefficient of variation, heritability 

 

Introduction 

Maize belongs to the tribe Maydeae of the order Poales, family Poaceae, subfamily 

Panicoideae and genus Zea. Maize (Zea mays L.) is one of the most important crops of world 

agricultural economy and ranks third next to rice and wheat in production (Kyenpia et al., 

2009) [32]. Maize is native to South America and has adapted significantly to temperate 

condition with much higher productivity (Dowswell et al., 1996) [3]. Being a C4 plant, it is 

physiologically more efficient and has higher grain yield and wider adaptation over a range of 

environmental conditions. It is predominantly a kharif crop with 85 per cent of the area under 

cultivation in the season and accounts for 9 per cent of total food grain production in the 

country and contributes 2 per cent of the world production. In India, maize is cultivated on 

10.2 million hectare with a production of 26.26 million metric tonnes and productivity of 2.57 

million tonnes/hectare (FAO, 2016) [16]. But as maize is mostly grown as rainfed crop, normal 

inter seasonal fluctuations in rainfall have been found to be associated closely with variations 

in average national maize yields across quite large productions regions suggesting that water 

stress is the pervasive cause of yield instability in maize based cropping systems in most years 

hence, focusing for development of maize varieties with enhanced tolerance to drought stress 

on priority basis. (Biermann and Boas, 2010) [8]. The most important abiotic stress affecting 

maize crop production worldwide is drought, defined as the mechanism causing minimum loss 

of yield in a water deficit environment relative to the maximum yield in a water constraint free 

management of the crop. It is becoming one of the topmost constraints affecting the production 

and productivity of maize worldwide (Araus et al., 2002) [5]. Hence, effective identification of 

potentially useful and stress resilient germplasm forms the first and foremost step in a crop 

improvement programme. Drought is the most pervasive limitation to the realization of yield 

potential in maize (Edmeades et al., 2001) [15]. Average annual global losses due to drought in 

maize range from 15% in temperate zone to 17% in tropical zone as estimated by empirical 

methods (Edmeades et al., 2000b) [16]. Maize is mostly grown under rain-fed conditions and 

among the cereals it is the second most susceptible crop to drought next to rice (Misra et al. 

2002) [35]. This When drought stress, occurs just before or during the flowering period, a delay 
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in silking is observed resulting in an increase in the length of 

the anthesis-silking interval (ASI). asynchrony between male 

and female flowering has been recognized as a major source 

of grain yield decrease (Bolanos and Edmeades, 1996) [9]. 

Holt and Van Doren (1961) [2] reported that tasseling to kernel 

development period is the most critical period for moisture 

stress. Chiaranda et al. (1977) [10] indicated that the yield was 

reduced when plants were under stress prior to tasseling 

(29%), milk stage (29%), seed formation (28%) and anthesis 

(22%) compared to normal irrigation. Moisture stress or water 

deficit is an inevitable and recurring feature of global 

agriculture Though maize in general, is considered to be the 

most drought susceptible crop, genotypic differences in 

tolerance to moisture stress have been noticed (Khush, 1998) 
[27]. Breeding maize for drought tolerance is important to close 

the gap between rainfed and well watered yields. High 

yielding genotypes with drought tolerance could be directly 

utilized for undertaking a hybridization programme. The 

present study was undertaken in maize to study genetic 

variability in field traits of maize inbreds under natural rain-

fed conditions. 

 

3 Results and Discussion 

3.1 Mean performance for maturity, morphological and 

yield traits 

The data pertaining to days to 50% tasseling, days to 50% 

silking, anthesis-silking interval (ASI), plant height, cob 

height and number of cobs per plant in maize inbred lines are 

presented in (table-1 (and the data pertaining to cob diameter, 

cob length, kernel rows cob-1, kernels row-1, 100-Seed weight 

and grain yield ha-1 (q) in maize inbred lines is presented in 

(table-2). The analysis of variance for these traits is presented 

in (table 3 & 4). Significant differences among the inbred 

lines for majority of the maturity, morphological and yield 

traits were obtained. Among the 30 maize inbreds studied 

days to tasseling and days to siking were higher in L-9 and 

lowest in L-18 and V-400 respectively. Anthesis- silking 

interval was highest inHKI-101 and CML-488 and was lowest 

in HKI-1015-W8 and CML-474. Plant height was highest in 

L-2 and lowest in CML-425. Cob height was highest in V-335 

and lowest in CML-425. Cob diameter, cob length, kernel 

rows per cob and kernels per row were higher in LM-14, V-

351, L-9; L-10; CML-415 and CML-167; V-405 respectively. 

Cob diameter, cob length, kernel rows per cob and kernels per 

row were lowest in HKI-101, L-8, L-18; HKI-101; CML-129; 

HKI-1015-W8; CML-470; CML-488; CML-167; LM-14; 

DMR-N6; CML-286; CML-474; V-338; V-5; V-405; V-335 

and L-1 and CML-139. Both 100 seed weight and grain yield 

per hectare was found to be highest in V-405 and lowest in V-

400 and HKI-101 respectively. However number of cobs was 

same for all the inbreds. These results are in agreement with 

the results of (Dar et al., 2018) [12], (Gazal et al., 2017) [12], 

(Kumar et al., 2018) [29], (Asghar and Khan, 2005) [6], 

Analysis of variance showed significant difference for all the 

characters. This indicates the presence of substantial genetic 

variability among the genotypes. In other words the 

performances of the genotypes with respect to these 

characters were statistically different, suggesting scope for 

improvement. 

Drought resistance is a complex trait, expression of which 

depends on action and interaction of different morpho-

physiological and bio-chemical reactions. The morphological 

traits that contribute to the drought tolerance in maize have 

been identified. They include shorter ASI and cobs per plant 

(Bolanos and Edmeades, 1996; Banziger and Lafitte, 1997) [9, 

7]. Drought stress affects maize production to some degree at 

vegetative and reproductive growth stages (Sabiel et al., 

2014) [41]. Severe drought stress in early growing stage affects 

the length of internodes (Jurgens et al., 1978) [26]. Reduction 

of plant height under drought stress was reported in several 

studies (Pandey et al., 1987; Fischer et al., 1989; Gu et al., 

1989; Hemalatha Devi, 1989) [39, 17, 19]. 

 
Table 1: Mean performance for maturity, morphological and yield traits in maize (Zea mays L.) in breds under rainfed condition. 

 

Genotypes Days to Tasseling (days) Days to Silking (days) ASI (days) Plant height (cm) Cob height (cm) Cobs per plant 

L-1 78.00 80.00 2.00 118.00 47.20 1.00 

L-2 77.00 80.00 3.00 135.33 47.73 1.00 

L-9 80.33 82.66 2.33 121.00 58.00 1.00 

L-18 69.00 70.66 1.66 131.00 52.40 1.00 

L-6 76.66 79.00 2.34 106.66 42.40 1.00 

L-10 72.00 74.66 2.66 132.66 52.80 1.00 

L-8 730 76.33 3.33 101.00 40.40 1.00 

HKI-101 77.00 80.66 3.66 119.00 47.70 1.00 

CML-129 75.33 76.66 1.33 135.31 54.14 1.00 

HKI-1015-W8 73.00 74.00 1.00 108.33 43.20 1.00 

CML-470 69.33 71.66 2.33 90.00 36.50 1.00 

L-72 70.00 72.00 2.00 130.33 52.10 1.00 

CML-488 77.00 80.66 3.66 115.00 46.40 1.00 

CML-167 72.66 74.66 2.00 90.50 36.30 1.00 

LM-14 80.00 82.00 2.00 112.00 44.80 1.00 

DMR-N6 70.00 71.66 1.66 85.00 34.60 1.00 

CML-135 78.00 80.33 2.33 111.66 44.34 1.00 

CML-415 69.66 71.66 2.00 119.00 47.60 1.00 

LM-12 78.33 79.66 1.33 89.33 48.26 1.00 

CML-139 75.00 76.33 1.33 86.51 34.40 1.00 

CML-425 70.66 72.00 1.34 73.66 22.66 1.00 

CML-286 73.33 75.00 1.67 106.66 56.33 1.00 

CML-474 75.66 76.66 1.00 82.65 43.00 1.00 

V-338 77.00 80.00 3.00 91.50 36.44 1.00 

V-5 80.00 82.66 2.66 97.00 46.00 1.00 

V-412 75.00 78.00 3.00 114.00 45.66 1.00 

V-351 79.00 80.33 1.33 109.66 60.66 1.00 
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V-405 75.33 78.66 3.33 132.66 74.66 1.00 

V-400 69.66 70.33 1.34 93.00 37.66 1.00 

V-335 75.00 76.33 1.33 131.33 78.33 1.00 

Means 74.73 76.84 2.13 108.99 47.09 1.00 

CD(p≤0.05) 1.02 1.22 0.61 1.29 6.68 - 

 
Table 2: Mean performance for morphological and yield traits in maize (Zea mays L.) inbreds under rainfed conditions. 

 

Genotypes Cob diameter(cm) Cob length(cm) Kernel rows per cob Kernels per row 100 seed weight(g) Grain yield per hactare(q/ha) 

L-1 2.42 16.46 12.00 15.00 15.90 18.85 

L-2 2.79 14.50 12.00 19.00 15.80 23.83 

L-9 3.43 14.50 14.00 18.00 15.20 26.03 

L-18 2.73 14.00 10.00 19.00 17.20 21.56 

L-6 2.64 17.50 12.00 18.00 15.10 21.55 

L-10 2.86 15.00 14.00 16.00 17.30 25.55 

L-8 2.32 7.00 12.00 18.00 15.70 22.48 

HKI-101 1.84 14.00 10.00 16.00 16.00 16.90 

CML-129 2.64 12.00 10.00 21.00 15.50 21.59 

HKI-1015-W8 2.32 13.50 10.00 20.00 16.20 21.36 

CML-470 2.48 11.50 10.00 19.00 15.60 19.57 

L-72 2.79 14.50 12.00 18.00 16.90 24.17 

CML-488 2.48 15.00 10.00 19.00 16.60 20.85 

CML-167 3.37 14.00 10.00 24.00 16.60 26.34 

LM-14 3.59 14.50 10.00 23.00 17..30 26.38 

DMR-N6 2.89 13.50 10.00 20.00 16.00 21.14 

CML-135 2.38 12.00 12.00 19.00 15.50 23.33 

CML-415 2.93 14.50 14.00 16.00 17.10 25.15 

LM-12 2.06 13.00 12.00 17.00 15.00 20.08 

CML-139 2.51 11.00 12.00 15.00 15.80 18.78 

CML-425 2.00 10.00 12.00 16.00 14.70 19.31 

CML-286 2.48 13.00 10.00 18.00 17.50 20.82 

CML-474 2.16 11.00 10.00 18.00 16.40 19.42 

V-338 2.64 11.00 10.00 17.33 17.50 20.31 

V-5 2.64 16.00 10.00 20.00 15.90 20.99 

V-412 3.43 14.00 12.00 20.00 16.50 26.07 

V-351 3.28 18.00 12.00 18.00 17.30 24.61 

V-405 2.95 16.00 10.00 24.00 18.10 27.99 

V-400 2.64 13.00 12.00 18.00 14.10 20.13 

V-335 2.09 11.50 10.00 18.00 16.80 19.91 

Means 2.66 13.52 11.20 18.58 16.23 22.16 

CD(p≤0.05) 0.14 0.56 0.59 1.32 0.11 1.16 

 
Table 3: ANOVA for yield traits 

 

Source of Variation d.f  Traits     

  Days to Tasseling Days to Silking ASI Plant height Cob height Cobs per plant 

Replications 2 104.53 154.14 15.26 114.08 204.22 0.00 

Genotypes 29 37.24** 43.94** 1.89** 966.40** 385.09** 0.00 

Error 58 0.39 0.56 0.14 0.63 16.74 0.00 
**Significant at 0.05% 

 
Table 4: ANOVA 

 

Source of Variation d.f Traits 

  Cob diameter Cob Length Kernel rows Kernels row-1 100- seed weight Grain yield hectare-1 

Replications 2 1.46 2.32 128.13 106.41 1.49 112.23 

Genotypes 29 17.26** 15.98** 5.46** 15.77** 2.71** 23.92** 

Error 58 0.01 0.12 0.13 0.65 0.00 0.51 

**Significant at 0.05 

 

3.2 Estimates of genetic parameters 

Variability plays an important role in crop breeding. The 

magnitude of variability present in crop species is of high 

importance as it provides the basis for selection. The total 

variation present in a population arises due to genotypic and 

environmental effects. Presence of substantial genetic 

variability in the breeding materials is essential for 

exploitation for a successful plant breeding programme. The 

variability parameters are presented in (table 5) 

3.2.1 Genotypic coefficient of variation (GCV) and 

phenotypic coefficient of variation (PCV) 

Variability is classified as low if co-efficient of variation is 

<10%, medium (10-20%) and high (>20%) as proposed by 

Siva Subramanian and Menon (1973). Higher estimates of 

coefficients of variation were registered for for anthesis-

silking interval (GCV-35.86%; PCV-39.90%) followed by 

cob height (GCV-23.53%; PCV-25.08%). These findings are 

in agreement with the findings of (Dar et al., 2018; Gazal et
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al., 2017; Ali et al., 2012 and Ali et al., 2013) [18, 12, 1, 2 ]. 

Moderate estimates of coefficients of variation were recorded 

for cob length (GCV-17.02%; PCV-17.21%), followed by cob 

diameter (GCV-16.63%; PCV-16.94%), plant height (GCV-

16.46%; PCV-16.47%), grain yield hectare-1 (GCV-12.60%; 

PCV-13.00%), kernels row-1 (GCV-12.08%; PCV-12.84%) 

and kernel rows cob-1 (GCV-11.89%; PCV-12.33%). These 

findings are in agreement with the findings of (Dar at al., 

2018) [12], (Gazal et al., 2017) [12] and (Nzuve et al., 2014) [38]. 

Thus indicating presence of sufficient inherent genetic 

variance over which selection could be effective. 

The low estimates of coefficients of variation were recorded 

for 100 seed weight (GCV-5.85%; PCV-5.86%) followed by 

days to silking (GCV-4.94%; PCV-5.04%) and days to 

tasseling (GCV-4.69%; PCV-4.76%). These findings are in 

agreement with the findings of (Jha and Ghosh, 2001) who 

reported low estimates for days to silking; (Hefny, 2011) [20] 

reported for days to tasseling and days to silking. There is a 

limited scope of selection for the traits with low coefficients 

of variation. All the characters showed marked differences 

between GCV and PCV estimates indicating that substantial 

variation for these characters was contributed by 

environmental components. 

 

3.2.2 Heritability, genetic advance and genetic advance as 

percent mean. 

The heritability estimates were found to be very high for plant 

height (99.8%) followed by 100 seed weight (99.5%), cob 

length (97.8%), days to tasseling (96.9%), cob diameter 

(96.4%), days to silking (96.3%), grain yield hectare-1 (93.9%) 

and kernel rows cob-1 (93.0%). The heritability estimates were 

found to be high for kernels row-1 (88.5%), cob height 

(88.0%) and ASI (80.8%). The high genetic advance was 

recorded for plant height (36.93%). The moderate genetic 

advance was recorded for cob height (21.41%).The low 

genetic advance was recorded for days to silking (7.69%) 

followed by days to tasseling (7.11), grain yield hectare-

1(5.57%), cob length (4.68%), kernels row-1(4.35%), kernel 

rows cob-1 (2.64%), 100 seed weight (1.95%), ASI (1.41%) 

and cob diameter (0.89%). In the present investigation high 

genetic advance as percent of mean was recorded for anthesis-

silking interval (66.40%) followed by cob height (45.48%), 

cob length (34.67%), plant height (33.88%) and cob diameter 

(33.65%).Moderate genetic advance as percent of mean was 

recorded for grain yield hectare-1 (25.14%) followed by kernel 

rows cob-1 (23.64%), kernels row-1 (23.42%), 100 seed weight 

(12.01%) and days to silking (10.00%). Low genetic advance 

as percent of mean was recorded for days to tasseling 

(9.51%). Traits measured in this study revealed different 

levels of variability, heritability and GA estimates. Similar 

results were obtained by (Sesay et al., 2016; Dar et al., 2018; 

Gazal et al., 2017 and Ali et al., 2014) [43, 12, 18, 1, 3]. Those 

traits with high heritability, GCV and GA values are governed 

by additive gene action and can be improved through mass 

selection technique (Sesay et al., 2016 and Nwangburuka et 

al., 2012) [43, 37]. High heritability with moderate genetic 

advance arises from dominance or epitasis as suggested by 

Paramasivan and Rangadwamy (1988) [40]. Similar results 

were reported by (Zahid Mahmood et al., 2004; Thanga 

Hemavathy et al., 2008; Jawaharlal et al., 2011; Anshuman et 

al., 2013 and Kumar et al., 2014) [48, 45, 24, 4, 30]. Therefore, for 

these traits hybridization followed by selection is expected to 

result in some promising recombinants. Results confirmed 

that phenotypic selection has a paramount significance for 

identification of elite lines as most of the characters exhibited 

variability due to genetic causes and thus offers ample scope 

for improvement. 

 
Table 5: Estimation of different Variability Parameters in maize (Zea mays L.) inbred 

 

Traits Genotypic Variance Phenotypic variance GCV PCV Heritability(h2) Genetic Advance Genetic Advance% Mean 

Days to Tasseling 12.28 12.67 4.69 4.76 96.9 7.11 9.51 

Days to Silking 14.46 15.02 4.94 5.04 96.3 7.69 10.00 

ASI 0.58 0.72 35.86 39.90 80.8 1.41 66.40 

Plant Height 321.92 322.55 16.46 16.47 99.8 36.93 33.88 

Cob Height 122.78 139.52 23.53 25.08 88.0 21.41 45.48 

No of Cobs plant-1 - - - - - - - 

Cob diameter 0.19 0.20 16.63 16.94 96.4 0.89 33.65 

Cob length 5.29 5.41 17.02 17.21 97.8 4.68 34.67 

Kernels Rows Cob-1 1.77 1.91 11.89 12.33 93.0 2.64 23.64 

Kernels Row-1 5.03 5.69 12.08 12.84 88.5 4.35 23.42 

100-Seed Weight 0.90 0.91 5.85 5.86 99.5 1.95 12.01 

Grain Yield Hectare-1 7.80 8.31 12.60 13.00 93.9 5.57 25.14 

 

3.3 Estimation of Genetic Correlation Coefficients 

In the present study, genotypic correlation among the 12 

characters of maize in breds was computed (Table 6). Grain 

yield per hectare exhibited high significant positive 

correlation with cob diameter, cob height, 100 seed weight, 

number of kernels row-1, plant height and kernels cob-1. 

Similar results were reported earlier in maize by several 

workers on different characters viz., for the association of 

grain yield with plant height (Tyagi et al., 1988; Mohan et al., 

2002; Malik et al., 2005 and Sadek et al., 2006) [46, 36, 34, 42], 

ear height (Kumar et al., 1997 and Kumar et al., 2001) [28, 31], 

cob length (Tyagi et al., 1988; Kumar et al., 1997; Umakanth 

et al., 2000; Kumar et al., 2001 and Choudhary et al., 2002) 

[46, 28, 47, 29] and 100 grain weight (Kumar et al., 1997; 

Umakanth et al., 2000; Kumar et al., 2001; Mohan et al., 

2002; Jabeen et al., 2005 and Laei et al., 2012) [28, 47, 29, 36, 23, 

33],. The significant positive correlation of these traits indicates 

the importance of these traits in selection for yield. 
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Table 6: Genotypic correlation coefficients for maturity, morphological and yield traits in maize (Zea mays L.) Inbreds 
 

Parameters 
Days to 

tasseling 

Days to 

silking 

Anthesis 

silking 

interval 

Plant 

height 

(cm) 

Cob 

height 

(cm) 

No. of 

cobs per 

plant 

Cob 

length 

(cm) 

Cob 

diameter 

(cm) 

No. of 

kernel 

rows cob-1 

No. of 

kernels 

row-1 

100 

seed 

weight 

(g) 

Grain 

yield per 

ha-1,(qha-

1) 

Days to tasseling 12.2827 0.981 0.2511 0.1119 0.2761 0 0.1158 0.3168 -0.0136 0.0728 -0.0036 0.0754 

Days to silking 
 

14.4631 0.441 0.1717 0.2782 0 0.1282 0.3201 -0.015 0.093 0.0531 0.1175 

Anthesis silking interval 
  

0.5846 0.3144 0.0959 0 0.1021 0.1292 0.0125 0.1253 0.2167 0.2302 

Plant height (cm) 
   

321.9247 0.7564 0 0.2342 0.4063 0.1527 0.1338 0.4004 0.4245 

Cob height (cm) 
    

122.7847 0 0.1471 0.3759 -0.0318 0.2085 0.5079 0.3604 

No. of cobs per plant 
     

0 0 0 0 0 0 0 

Cob diameter (cm) 
      

0.1959 0.4716 0.2165 0.523 0.3558 0.837 

Cob length (cm) 
       

5.2898 0.1263 0.1663 0.2657 0.3713 

No. of kernel rows cob-1 
        

1.7762 -0.5403 -0.2591 0.3262 

No. of kernels row-1 
         

5.0387 0.2879 0.5884 

100 seed weight (g) 
          

0.9009 0.4406 
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