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Abstract:  The research was undertaken with the major objective to assess nature and magnitude of variability (PCV, GCV), degree 

of interrelationship among the yield and its attributing traits, heritability, genetic advance, and genetic advance as percentage of 

mean (GAM) as well as protein content in fourteen QPM genotypes for 15 different traits. The trial was conducted during summer 

planting condition 2018, at the field of Agriculture Botany Division, Khumaltar, Lalitpur in Randomized Complete Block Design 

with three replications. The result from the experiment, illustrated significant variations for most of the traits studied. Considering 

the variability traits, the range of Phenotypic Coefficient of Variability (PCV) analyzed was in between 3.39 to 24.08 % which 

clearly illustrates the extent of phenotypic variability present among the tested quality protein maize genotypes. In the same way, 

genotypic coefficients of variations ranged from 2.75 to 20.49 % for various traits studied. The highest Genotypic Coefficient of 

Variability (GCV) was observed for Leaf Area Index (LAI) with 20.49% followed by protein content with 19.84% and grain yield 

with 17.59%. The high heritability was observed for most of the traits studied except for cob girth and total kernels per cob. The 

high heritability coupled with high genetic advance as percent of mean was observed for LAI, grain yield, protein content and 1000 

kernel weight. The phenotypic correlation study revealed that grain yield expressed significant positive association with LAI, plant 

and ear height, cobs per plant, cob length, cob girth, kernels/row as well as shelling percentage. The study illustrated the existence 

of wide ranges of variation for most of the traits for various QPM genotypes. Hence, improvement and selection of one or more of 

the major traits among various QPM genotypes would be of great importance at various aspects of plant breeding.   
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I. INTRODUCTION 

Maize (Zea mays L. 2n=20) is an important cereal crop in the world after wheat and rice. It is one of the important summer crop 

which is referred as “Queen of Cereals” (Ali. et. al., 2007). The crop with worldwide significance has its immense utilization as major 

cereal crops for livestock, poultry feed, human food as well as several industrial uses (Prasanna et. al., 2001). Maize is cultivated over 

the diverse range from 58°N to 40°S, from below sea level to altitudes higher than 3000m, and in the areas with 250mm to more than 

5000mm rainfall per year (Shaw,1988, Dowswell et al., 2019) and with growing cycle ranging from 3 to 13 months (CIMMYT, 

2000).  

Maize is second most important staple food crop both in terms of area and production after rice in Nepal. It is mainly grown in 

Kharif season in mid and high hill areas whereas over terai and inner terai regions, it can be cultivated throughout the year as Kharif, 

Rabi as well as spring maize. In the current situation of Nepal, the total production of maize is 956447 hectare of land with average 

productivity of 2.84 t/ha (MoALD, 2019). In Nepal, millions of people in the rural domain still derive protein and calorie requirements 

in their food from maize consumption. Like other cereals, maize protein (zein) have poor nutritional value for monogastric animals 

and human beings because of reduced content of essential amino acids viz. lysine and tryptophan (Bjarnason and Vasal, 1992). It has 

been recognized that the protein content possessed in quality protein maize genotypes is almost same as present in skimmed milk, 

thus this could be an opportunity to cope with the global issues of malnutrition and hunger in one or another way. Generally, QPM 

possessed 55% more tryptophan, 30% more lysine and 38% less leucine than the normal maize. FAO, (1992), had demonstrated that 

opaque2 maize has 90% of nutritive value of milk protein for young children. These facts clarify the need for the enhancement of 

normal maize quality by incorporating the QPM gene, which could be the basis for supplementing the increasing demand for maize 

grain and its nutritive products in the upcoming days. In this way, in order to secure the food as well as nutrition security issues to 

some extent targeting the  resource poor as well as marginalized farmers majorly over the rural domain of Nepal, it has been the 
prime importance to develop high yielding quality protein maize genotypes as with their traits preferences.  

Genetic improvement along with maintenance of sufficient amount of variability in the major traits with economic importance, is 

always the desired objectives in maize breeding programmes (Idris and Abuali, 2011). In the same way, the breeding program of any 

crop is mainly focused on the direction and magnitude of association in between yield and its major attributing traits that provide 
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basic information for effective selection of elite genotypes (Agarma, 1996). The development of output oriented breeding programme, 

is majorly dependent over the presence of exploitable variability in the population and the extent to which the desirable traits are 

heritable. In this regard, the effective evaluation of the existing variability is of prime importance for the output oriented bio-

fortification programme, hence the assessment of variability and genetic parameters for yield and yield attributing traits is of utmost 

importance. For the selection of genotypes from the diverse genetic stocks, as with desired traits, a clear understanding and reliable 

scientific knowledge on the assessment of variability, heritability and the expected genetic advances is necessary. In order to improve 

the breeding populations for the effective selection of elite genotypes of maize, wise assessment of genetic parameters viz. genotypic 

variability, phenotypic variability, genotypic coefficient of variations (GCV) and phenotypic coefficient of variations (PCV) is of 

utmost importance. 

 

II. MATERIALS AND METHODS 

The present investigation was carried out in summer season, 2018 at the research field of National Plant Breeding and Genetics 

Research Centre (NPBGRC), Khumaltar, Lalitpur, Nepal. The research site is located at an altitude of 1368 masl with 27°40’00” N 

Latitude and 85°20’ 00” E Longitude. The experimental material comprised of 14 different diverse quality protein maize genotypes 

received from NMRP supported from CIMMYT with the major objectives to assess the variability and estimating genetic parameters 

for yield and its attributing traits as well as protein concentration in various QPM genotypes under study. The 14 genotypes taken as 

the treatment for the experiment consisted of two standard checks viz. Poshilo Makai-1 (white kernel type) and Poshilo Makai-2 

(yellow kernel type). The trial was conducted in randomized complete block design (RCBD) with three replications with planting 

geometry of 75cm x 25cm as row to row and plant to plant spacing. In the same way, all the recommended agronomical package of 

practices were followed with regard to maintain good and healthy plants. Ten plants were randomly selected and tagged for the 
observation of various quantitative traits under study.  

The mean data recorded for 15 important traits including yield and its attributing factors, were analyzed for the assessment of 

variability, estimation of genetic parameters and determination of protein concentration in various QPM genotypes under study. The 

observed data was analyzed for the estimation of genotypic and phenotypic variance, GCV and PCV, broad sense heritability, genetic 

advance and expected genetic advance as percent of mean. The level of significance analyzed for different traits were tested at 5% 

and 1% using F test. ANOVA was used for the estimation of various genetic parameters. PCV and GCV were estimated from the 

protocol followed by Burton and De Vane (1953), which were categorized as low (0-10), medium (10-20) and high (>20) as per the 

protocol followed in research article cited by Khan et al. (2017). In the same way, the broad sense heritability (h2bs) was computed 

for major traits including yield and its attributing factors as suggested by Hanson et al. (1956) which is categorized as low, moderate 

and high as per the study made by Robinson, (1949). Likewise, the genetic advance as well as its conversion to percent of grand mean 

was estimated for the major traits, following the suggestions made by Johnson et al. (1955). 

 

III. RESULT AND DISCUSSION 

Analysis of Variance (ANOVA) 

The analysis of variance (Table 1), reveled highly significant differences for almost all the traits studied except for cob girth 

among all the quality protein maize genotypes. This result suggests that there is inherent presence of sufficient variability among 
the tested QPM genotypes, hence reliable improvement could be proceeded for the selection of elite genotypes.  

 

Table 1: Variance analysis for fifteen important traits for various QPM genotypes, 2018 

S.N. Traits under Study F-Test 

(P=0.05) 

LSD SEM (±) Grand 

Mean 

CV (%) 

1 Days to 50% Tasseling (Days) ** 1.585 0.545 55.05 1.72 

2 Days to 50% Silking (Days) ** 1.852 0.637 58.05 1.90 

3 Leaf Area Index (LAI) ** 0.397 0.137 4.04 5.86 

4 Plant Height (cm) ** 10.80 3.716 158.99 4.05 

5 Ear Height (cm) ** 9.48 3.261 73.83 7.65 

6 Number of ears/ plant ** 0.140 0.048 0.811 10.07 

7 Ear Length (cm) ** 1.453 0.499 14.634 5.91 

8 Ear Girth (cm) ns 0.344 0.118 3.758 5.47 

9 No of Kernel Rows/Ear ** 0.749 0.258 13.376 3.34 

10 No of Kernels/Row ** 2.371 0.816 26.293 5.37 

11 Total Kernels/ Cob ** 33.55 11.54 351.024 5.69 

12 1000 kernel weight (gm) ** 14.09 4.847 163.549 5.13 

13 Shelling (%) ** 2.912 1.002 72.731 2.39 

14 Grain Yield (ton/ha) ** 0.867 0.298 3.144 16.44 

15 Protein Content (%) ** 1.369 0.479 10.619 7.81 

 

 

Assessment of variability parameters 

The results pertaining to genetic variability parameters viz. genotypic variance, phenotypic variance, genotypic coefficient of 

variation (GCV), phenotypic coefficient of variation (PCV), broad sense heritability (h2), genetic advance and genetic advance as 

percent of mean for 15 different traits of various quality protein maize genotypes are presented on table 2 and 3 consecutively.  

 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcspub.org                                             © 2020 IJCSPUB | Volume 10, Issue 1 March 2020 | ISSN: 2250-1770 

IJCSP20A1003 International Journal of Current Science (IJCSPUB) www.ijcspub.org 12 
 

Genotypic (GCV) and Phenotypic (PCV) coefficient of variations 

The effectiveness of selection depends on the magnitude of genetic variability in particular traits. It is necessary to study 

variability with respect to quantitative traits with reference to genetic parameters such as genotypic variance, phenotypic variance, 

heritability and genetic advance. The absolute values of phenotypic and genotypic variance cannot be always used for comparing 

the magnitude of variability for different traits since the mean and units of measurement of the characters may be different.  Hence 

the coefficients of variation expressed in percentage of the phenotypic and genotypic level have been used to compare the variability 

observed among the different traits. An assessment of the heritable and non-heritable components with the total variability observed 

is indispensable in adopting suitable breeding procedure. The heritable portion of the overall observed variation can be ascertained 

by studying the compounds of variations such as phenotypic coefficient of variation (PCV), heritability and predicted genetic 

advance.  

From the experimental output, a wide range of variation was observed for various traits like plant height, number of kernels per 

row, shelling percentage and grain yield. In this regard, wide range of variation provides ample scope for selection of superior and 

desired quality protein maize genotypes. We observed the phenotypic coefficient of variation (PCV) was higher than genotypic 

coefficient of variation (GCV) for all the traits studied, and similar outcomes was also observed by Ganesan et al. (2010). From the 

experimental output, we observed high value of phenotypic and genotypic coefficient of variation for various important traits like 

leaf area index, ear height, number of ears per plant, 1000 kernels weight, grain yield and protein content. It indicates the presence 

of high variability for these traits which is similar to the findings of Ganesan et al. (2010). The high value of GCV and PCV for 
important trait grain yield was also supported from the findings of Chen et al. (2008).  

 

Broad sense heritability (hb2) 

From the assessment of broad sense heritability, it is observed that most of traits under study are highly heritable. As with the 

categorization made by Robinson et al. (1949), most of traits under study viz. days to 50% tasseling (0.766), days to 50% silking 

(0.687), LAI (0.924), plant height (0.699), ear height (0.664), number of ears/plant (0.65), ear length (0.675), number of kernel 

rows/ear (0.651), 1000 kernel weight (0.814), shelling percent (0.865) and protein content were found with high heritability value 

while number of kernels per row (0.587), total kernels per cob (0.459) and grain yield (0.534) reveled medium heritability value 

and cob girth (0.203) was found with low heritability value. The medium to high heritability value for grain yield among the tested 

genotypes suggest there is lot of scope for the selection of high yielding superior QPM genotypes. The results suggests that the 

yield attributing traits are less influenced by environmental factors. High heritability values for these traits indicate that the variation 

observed was mainly under genetic control and less influenced by environmental factors. According to Carena et.al. (2010), plant 

and ear height as well as protein content had the highest estimates of heritability (h2 > 70%). In spite of the above facts, Sidwell et. 

al. (1976) clarify that estimates of heritability depend on the method used to estimate them, the material from which the est imates 

are derived and the environmental conditions encountered during the test.  

 

Genetic advance as percentage of mean (GAM) 

The expected GAM was calculated to compare the extent of predicted advance of different traits under selection, using the 

protocol followed by Johnson et al. (1955). From the experimental result, various traits viz. days to 50% tasseling (5.593), days to 

50% silking (4.805), cob girth (2.555), number of rows per cob (7.573) and total number of kernels per cob (7.319) revealed low 

value of GAM while traits like plant height (10.62), ear height (18.054), ear length (14.425), number of kernels per row (10.109), 

1000 kernels weight (19.985) and shelling percentage (11.557) revealed moderate value of GAM and finally, various traits like leaf 

area index (40.569), number of ears per plant (23.305), grain yield (26.495) and protein content (38.036) was found with higher 

value of GAM. The estimates of heritability alone fail to illustrate the response of selection (Jonson et al. 1955). Therefore, 

heritability estimates appears to be more meaningful when accompanied by estimates of genetic advance. The high value of GAM 

coupled with high value of heritability for grain yield as suggested by our experimental result, was also been illustrated by 

experimental result of Kumar et al. (2006) and Chen et al. (2008).  

 

Table 2: Estimates of genetic parameters for 15 traits of different QPM genotypes under Khumaltar, Condition, 2018. 

S.N. Traits under Study Vg Vp Ve hbs
2 (%) 

1 Days to 50% Tasseling (Days) 2.914 3.806 0.892 0.766 

2 Days to 50% Silking (Days) 2.668 3.886 1.218 0.687 

3 Leaf Area Index (LAI) 0.685 0.741 0.056 0.924 

4 Plant Height (cm) 96.052 137.489 41.437 0.699 

5 Ear Height (cm) 63.063 94.969 31.906 0.664 

6 Number of ears/ plant 0.013 0.02 0.007 0.65 

7 Ear Length (cm) 1.554 2.303 0.749 0.675 

8 Ear Girth (cm) 0.011 0.053 0.042 0.203 

9 No of Kernel Rows/Ear 0.371 0.57 0.199 0.651 

10 No of Kernels/Row 2.836 4.831 1.995 0.587 

11 Total Kernels/ Cob 338.654 738.205 399.55 0.459 

12 1000 kernel weight (gm) 309.438 379.92 70.482 0.814 

13 Shelling (%) 19.241 22.251 3.01 0.865 

14 Grain Yield (ton/ha) 0.306 0.573 0.267 0.534 

15 Protein Content (%) 4.437 5.125 0.687 0.866 
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Table 3: Estimates of genetic parameters for 15 traits of different QPM genotypes under Khumaltar, Condition, 2018. 

S.N. Traits under Study PCV (%) GCV (%) GA GAM 

1 Days to 50% Tasseling (Days) 3.544 3.101 3.079 5.593 

2 Days to 50% Silking (Days) 3.396 2.814 2.789 4.805 

3 Leaf Area Index (LAI) 21.312 20.491 1.639 40.569 

4 Plant Height (cm) 7.375 6.164 16.885 10.62 

5 Ear Height (cm) 13.199 10.756 13.329 18.054 

6 Number of ears/ plant 17.438 14.059 0.189 23.305 

7 Ear Length (cm) 10.369 8.517 2.111 14.425 

8 Ear Girth (cm) 6.107 2.748 0.096 2.555 

9 No of Kernel Rows/Ear 5.644 4.554 1.013 7.573 

10 No of Kernels/Row 8.359 6.405 2.658 10.109 

11 Total Kernels/ Cob 7.74 5.242 25.69 7.319 

12 1000 kernel weight (gm) 11.918 10.756 32.685 19.985 

13 Shelling (%) 6.486 6.031 8.405 11.557 

14 Grain Yield (ton/ha) 24.077 17.594 0.833 26.495 

15 Protein Content (%) 21.318 19.838 4.039 38.036 
 

CONCLUSIONS 

Almost all the traits studied for the different 14 QPM genotypes revealed significant variation. Relevant environmental effects 

were the major determining factors from which we observed almost all the traits with higher PCV than the GCV. High heritability 

was observed for various important traits like LAI, 1000 kernel weight, shelling percentage and protein content in the grain. In the 

same way highest genetic advance mean was observed for traits like LAI, 1000 kernel weight, number of ears per plant, grain yield 

and the protein content. In this way, from the observation of variation for most of the traits studied, improvement and selection of 

mono or poly traits for the various QPM genotypes would be of significant value under various future breeding aspects in maize crop.  
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