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Abstract 

Assembling superior maize varieties is one of the strategies to increase maize productivity on suboptimal land on 
Madura Island, Indonesia. One method of assembling high-yielding maize varieties is ear-to-row selection. The research 
aimed to determine the genetic advances due to ear-to-row selection on the Tambin, Sukmaraga, and Srikandi Kuning 
varieties. The research was carried out in two stages of activity. Stage 1, carrying out ear-to-row selection for one cycle 
from the C0 population to form a C1 population. Ear-to-row selection was done on three varieties: the Tambin, 
Sukmaraga, and Srikandi Kuning. Stage II, carried out an evaluation of the C0 and C1 populations on the three varieties 
so that six populations were produced. Population evaluation used a completely randomized block design with three 
replications, resulting in 18 experimental units. Observational variables include ear length, ear diameter, seeds number 
per row, weight of 100 seeds, seed weight per ear, and production per hectare. The results showed that ear-to-row 
selection on maize varieties Tambin, Sukmaraga, and Srikandi Kuning showed significantly different selection progress 
based on the t-test at 5% on maize production per hectare. Heritability values in a broad sense for all characters 
observed in the moderate to high categories of the three varieties (Tambin, Sukmaraga, and Srikandi Kuning). 
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1 Introduction 

Maize is one of the main food commodities after rice, which is important in Indonesia's agricultural and economic 
development [1]. The demand for maize in Indonesia continues to increase along with using maize not only as food but 
also as an ingredient in animal feed and raw materials in industry [2]. For this reason, Indonesia continues to increase 
maize production every year. The average production of maize in Indonesia in 2017-2021 was 24,704,990 tons, and 
Indonesia is the largest country in Southeast Asia [3]. Maize production in Indonesia can be continuously increased if 
Indonesia can utilize sub-optimal land, which covers approximately 80% of the maize planting area [4]. Madura Island 
is an island that has a maize planting area of approximately 360,000 hectares but low productivity [5]. One of the 
strategies to increase maize productivity on Madura Island is to assemble superior maize varieties with high production 
using the selection method. The variety assembly program uses a highly efficient selection method to select the best 
genotypes [6].  

There are three methods of assembling varieties in plant breeding programs: selection, hybridization, and hybridization 
followed by selection [7]. Cross-pollinated plant selection has two objectives: selecting genotypes to be used as parents 
in forming the basic population and selecting individual plants or lines for increasing population traits or assembling 
new varieties. One of the selection methods used to increase maize productivity is ear-to-row selection. Ear-to-row 
selection is a modification of mass selection which is one of the selection methods for cross-pollinated plants to increase 
the quantitative character of a population [8]. Ear-to-row selection in several selection generation cycles will produce 
a new population with the expected character traits based on the expected selection target.  

The method of assembling varieties through selection will quickly yield results if the characters are improved with high 
heritability values [9]. This high heritability value indicates that the character's appearance is more influenced by 
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genetic factors than environmental influences, so these genetic factors will be passed on continuously to their offspring. 
High genetic diversity in the population also affects the success of the selection that is applied, where high genetic 
diversity in certain characters will provide great opportunities for improving these characters [10]. 

Improving character through ear-to-row selection of maize varieties cultivated by farmers is expected to improve these 
maize characters. Gene and genotype frequency changes caused the increase in these characters due to selection [11]. 
Changes in gene frequency and genotypic mean can be used to estimate genetic advances due to selection [12]. The 
research aimed to determine the genetic advances due to ear-to-row selection on the Tambin, Sukmaraga, and Srikandi 
Kuning varieties. 

2 Material and methods 

2.1 Genetic Materials, Experimental Site, Experimental Design, and Data Collected 

The research was conducted at the Agroecotechnology Experimental Garden, Faculty of Agriculture, University of 
Trunojoyo, Madura. This research was conducted from August 2022 to March 2023. The research was carried out in 
two stages of activity. Stage 1, carrying out ear-to-row selection for one cycle from the C0 population to form a C1 
population. Ear-to-row selection was done on three varieties: the Tambin, Sukmaraga, and Srikandi Kuning. Stage II, 
carried out an evaluation of the C0 and C1 populations on the three varieties so that six populations were produced. 
Population evaluation used a completely randomized block design with three replications, resulting in 18 experimental 
units. Observational variables include ear length, ear diameter, seeds number per row, weight of 100 seeds, seed weight 
per ear, and production per hectare. 

2.2 Data Analysis 

Observational data were analyzed using t-test analysis at 5% level to determine the selection advance. Calculation of 
variance using the formula: 

𝜎2𝑝 =  
Ʃ 𝑥2−(Ʃ 𝑥)²

𝑛⁄

𝑛−1
 …………… (1) 

√𝜎2𝑝 = 𝜎 …………………....(2) 

𝜎2𝑒 =
𝜎2𝑃1+𝜎2𝑃2

2
  ……………(3) 

𝜎2𝑔 = 𝜎2𝑝 − 𝜎2𝑒 …………...(4) 

ℎ𝑏𝑠
2 =

𝜎2𝑔

𝜎2𝑝
  ……………….….(5) 

where : σ2 p = phenotypic variance; x = nilai karakter kuantitatif yang diamati; n = observed quantitative character 
values; σ = standard deviation; σ2e = environment variance; σ2 P1 = parental variance P1; σ2 P2 = parental variance P1; 
σ2g = genetic variance; hbs = heritability in broad sense. Heritability values are classified into three, namely low (h2<0.2), 
moderate (0.2<h2<0.5), and high (h2>0.5) [13]. 

3 Results and discussion 

3.1 Quantitative Character 

Character ear length is one of the determining components of maize production. Several studies have shown a positive 
correlation between ear length and maize production [14; 15]. The t-test showed no significant difference between the 
initial population (C0) and the ear-to-row selection (C1) results on the Tambin, Sukmaraga, and Srikandi Kuning variety. 
The highest mean value for theear length character is the C1 population in the Srikandi Kuning variety (Table 3). 
Furthermore, the lowest average value is the C0 population in the Tambin variety (Table 1). High character values in a 
population on selection indicate the genetic advances of the selected plants [16]. 

Ear diameter character is one of the quantitative characters in plants that are controlled by many genes [17]. The t-test 
results showed no significant difference in the mean ear diameter between the two tested populations (C0 and C1) of 
the Tambin, Sukmaraga, and Srikandi Kuning varieties. The C1 population of the Sukmaraga variety has the highest 
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average value (Table 2), while the lowest is on the C0 population of the Tambin variety (Table 1). The highest and lowest 
variant values were produced by the Srikandi Kuning variety (Table 3). Short ear tend to increase ear diameter and the 
number of rows per seed. Conversely, the ears that are too long cause the ear diameter to be smaller and the number of 
rows per seed to be fewer. 

The data obtained from the average value of the variable observation number of seeds per row yielded significantly 
different results for the Tambin and Srikandi Kuning varieties, while there was no significant difference for the 
Sukmaraga variety. The highest mean value was the C1 population of Srikandi Kuning (Table 3). The number of seeds 
per row is closely related to ear length. The longer the ears produced, the more seeds per row in one row. The number 
of seeds that increases linearly will affect the ability of the variety to produce. The t-test results showed a difference 
between populations C0 and C1 in the number of seeds per row in the Tambin and Sukmaraga varieties, while the 
Srikandi Kuning variety was not significantly different between populations C0 and C1. The C0 population of the 
Srikandi Kuning variety produced a high average value, while the lowest score was in the C0 population of Tambin 
variety. 

Maize seed size is an important character to show the superiority of maize varieties. In this study, seed size was 
indicated in terms of seed weight per plant and the weight of 100 seeds. The t-test results showed differences between 
the C0 and C1 populations in the seeds weight per ear in the three maize varieties. Furthermore, the weight of 100 seeds 
showed that there was a difference between C0 and C1 populations in the character of the number of seeds per row in 
the Tambin variety and Sukmaraga variety, while in the Srikandi Kuning variety there was no significant difference 
between the C0 and C1 populations. The t-test results showed differences between the C0 and C1 populations in the 
three varieties on the character of production per hectare. Srikandi Kuning variety produced the highest average value, 
while the lowest average yield was the Tambin maize variety. 

Table 1 The mean and variance of the C0 and C1 populations of the Tambin variety 

Characters 
C0 C1 

Mean Variance Mean Variance 

ear length 13.73 a 1.74 14.10 a 0.52 

ear diameter 3.70 a 0.26 3.93 a 0.20 

Seeds number per row 23.15 a 16.55 24.40 b 8.80 

Seed weight per ear 71.5 a 817.00 79.55 b 372.95 

Weight of 100 seeds 19.24 a 8.61 21.46 b 5.63 

Production per hectare 3114.55 a 67846.95 3547.05 b 129737.00 

Note: The mean value followed by the same letter in the same line is not significantly different based on the t-test at 5% 

 

Table 2 The mean and variance of the C0 and C1 populations of the Sukmarga variety 

Characters 
C0 C1 

Mean Variance Mean Variance 

Ear length 15.78 a 2.97 16.22 a 1.11 

Ear diameter 4.07 a 0.15 4.26 a 0.37 

Seeds number per row 25.45 a 16.95 26.65 a 10.55 

Seed weight per ear 159.65 a 2152.55 179.40 b 456.80 

Weight of 100 seeds 27.55 a 6.21 29.03 b 2.66 

Production per hectare 5509.70 a 150510.20 6227.55 b 58210.95 

Note: The mean value followed by the same letter in the same line is not significantly different based on the t-test at 5%. 
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Table 3 The mean and variance of the C0 and C1 populations of the Srikandi Kuning variety 

Characters 
C0 C1 

Mean Variance Mean Variance 

Ear length 15.73 a 4.48 16.38 a 1.63 

Ear diameter 4.05 a 0.09 4.19 a 0.41 

Seeds number per row 25.90 a 9.80 26.85 b 12.55 

Seed weight per ear 171.00 a 884.00 185.25 b 335.75 

Weight of 100 seeds 28.26 a 7.37 29.12 a 6.09 

Production per hectare 5657.50 a 104836.20 6365.50 b 76321.00 

Note: The mean value followed by the same letter in the same line is not significantly different based on the t-test at 5%. 

3.2 Heritability 

Heritability is a measure to determine the appearance of a character caused by genetic or environmental factors [18]. 
The heritability value of a character needs to be known to predict genetic advances caused by selection [19]. According 
to [20], high heritability values play a very important role in increasing the effectiveness of selection. The results of ear-
to-row selection for the three varieties show that the Srikandi Kuning variety has a high heritability predictive value in 
a broad sense for all characters observed in Table 6). The Tambin variety had a high heritability value in a broad sense 
for the characters of ear length, ear diameter, seeds number per row, weight of 100 seeds and production per hectare, 
while the character of seed weight per ear had moderate heritability (Table 4). Furthermore, the Sukmaraga variety has 
a high heritability value in a broad sense in terms of ear length, ear diameter, seeds number per row, seed weight per 
ear, and weight of 100 seeds while the production character per hectare has moderate heritability values (Table 5). 
Based on the heritability values of the three varieties, about 40-80% of the genotypic performance is determined by 
genetic factors and the rest by environmental factors. The heritability values of most of the observed characters can be 
used as a guideline for plant breeding programs [21]. 

High heritability values for most of the observed characters indicate that the role of genes in influencing phenotype is 
more dominant than that of the environment [22]. The influence of genes is greater than that of the environment as 
shown by the greater value of the genotype variance than the environmental variance (Table 4-6). High heritability 
values play an important role in increasing the effectiveness of selection. For characters with high heritability, selection 
will take place more effectively because of small environmental influences so that genetic factors are more dominant in 
the genetic appearance of plants. Selection of characters that have a low heritability value will be less effective because 
there is a possibility that these characters will change when planted in a different environment because the influence of 
the environment is quite large on these characters [23]. The selection of characters with high heritability values can be 
carried out in the early generations, while characters with low heritability values can be selected in the last generations 
[24]. 

Table 4 Phenotypic variance (σ2p), genotypic variance (σ2g), environmental variance (σ2e), and heritability in a broad 
sense (h2bs) in Tambin variety 

Characters σ2p σ2g σ2e h2bs 

Ear length 0.64 0.51 0.13 0.80 (high) 

Ear diameter 0.22 0.15 0.07 0.68 (high) 

Seeds number per row 7.70 6.21 1.49 0.81 (high) 

Seed weight per ear 382.42 167.22 215.20 0.44 (moderate) 

Weight of 100 seeds 6.21 4.21 2.00 0.68 (high) 

Production per hectare 137754.00 71432.22 66321.78 0.52 (high) 
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Table 5 Phenotypic variance (σ2p), genotypic variance (σ2g), environmental variance (σ2e), and heritability in a broad 
sense (h2bs) in Sukmaraga variety 

Parameter σ2p σ2g σ2e h2bs 

Ear length 1.22 0.92 0.30 0.75 (high) 

Ear diameter 0.47 0.32 0.15 0.74 (high) 

Seeds number per row 9.55 7.23 2.32 0.76 (high) 

Seed weight per ear 365.70 198.20 167.50 0.54 (high) 

Weight of 100 seeds 2.56 1.92 0.64 0.75 (high) 

Production per hectare 67210.22 23432.12 4377810 0.35 (moderate) 

 

Table 6 Phenotypic variance (σ2p), genotypic variance (σ2g), environmental variance (σ2e), and heritability in a broad 
sense (h2bs) in Srikandi Kuning variety 

Parameter σ2p σ2g σ2e h2bs 

Ear length 1.55 0.86 0.69 0.55 (high) 

Ear diameter 0.34 0.21 0.13 0.62 (high) 

Seeds number per row 11.57 9.23 2.34 0.80 (high) 

Seed weight per ear 345.62 189.20 156.42 0.55 (high) 

Weight of 100 seeds 5.07 3.67 1.40 0.72 (high) 

Production per hectare 62322.02 43211.77 19110.25 0.69 (high) 

 

4 Conclusion 

Ear-to-row selection on maize varieties Tambin, Sukmaraga, and Srikandi Kuning showed significantly different 
selection progress based on the t-test at 5% on maize production per hectare. Heritability values in a broad sense for 
all characters observed in the moderate to high categories of the three varieties (Tambin, Sukmaraga, and Srikandi 
Kuning). 
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