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Abstract. Makmur, Farid M, Ala A, Mandja K, Anshori MF, Fadhilah AN. 2024. The selection index of S3 corn convergent breeding 
population based on multivariate analysis. Biodiversitas 25: 1097-1103. Corn is one of the most important and strategic food crops in 
the world, including Indonesia. Increasing corn production through a plant breeding program by assembling hybrid varieties begins with 
developing a convergent breeding population and index selection. The research aims to identify genetic variance and the effectiveness of 
selection indices in selecting high-yield S3 cross populations. The research was carried out in Rea Village, Binuang Sub-District, 

Polewali Mandar District, West Sulawesi from July to November 2022. The research used an augmented design with four blocks. Sixty-
six lines were derived from 4 double cross populations and 8 populations of the S3 generation multiple-cross population, as well as 9 
check varieties (NK7328, Pioneer 36, Bisi 18, Bisi 2, NK99, Nasa 29, JH45, Bisi 9, and NK212) were used in this study. The results 
indicate that the length of cobs (5.98;73.59%), length of seed cobs (7.06; 79.46%), weight of 100 seeds (7.75; 89.30%), and weight of 
seeds per cob (7.84; 65.59%) have moderate genetic variance and high heritability. The characteristics of stem diameter, yield 
percentage, and weight of seed per cob were effectively used in the selection index formulation. Based on the index selection, there were 
14 potential corn lines with a good performance, recommended for the next hybridization stage. 
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Abbreviations: CV: Coefficient of Variance, VG: Variance of Genotype, VP: Variance of Phenotype, GDC: Genetic Diversity Coefficient 

INTRODUCTION 

Corn (Zea mays L.) is one of the essential food crops in 

the world and has a strategic role in the economy of a 

country, including Indonesia. Indonesia's corn productivity 

is around 5.2 tons ha-1 and has experienced a low increase 

of around 0.20% from 2021 to 2022. This is not comparable 

to the production potential of varieties that can achieve 

yields of 10-12 ton ha-1 (BPS-statistics Indonesia 2023). 

Therefore, variety development is always carried out in 

Indonesia, both hybrid varieties and open pollinated varieties 

(Azizah et al. 2017; Amas et al. 2021). 

Variety development can be done through plant 

breeding programs. This program is a dynamic and sustainable 
activity in increasing plant productivity (Jambormias et al. 

2015). In general, maize breeding is directed at the 

formation of hybrid varieties and free-pollinated varieties 

(Masuka et al. 2017). However, hybrid varieties are the 

dominant varieties to be developed (Padjung et al. 2021). 

In current developments, population formation can be 

carried out using the concept of convergent breeding to 

obtain genetic diversity in a population (Syukur et al. 

2015). It is based on combining several generations of lines 

resulting from crosses with different characteristics to form 

a new population (Huang et al. 2015), to increase the 
efficiency of the breeding program to get more profitable 

cross combinations (Siswati et al. 2015). This also allows 
new combinations of traits to occur from the interaction of 

genes from a group of different parents, especially in corn 

hybrids, which have the concept of heterosis.  

Selfing in the third generation (S3) is one of the initial 

generations that carry out the process of breeding through 

artificial self-pollination in order to produce pure lines that 

act as parents in forming hybrid varieties (Acquaah 2015). 

S3 selfing is considered to have relatively high diversity, 

even though the population has experienced an increase in 

homozygosity and a decrease in line diversity in the 

population (Wulan et al. 2017). Therefore, breeding in this 

generation is essential because the population will continue 
to experience inbreeding depression in the next generation, 

so a practical concept is needed in the selection process in 

the S3 generation (Mawikere et al. 2015).  

Selection criteria are characters that are closely related 

to breeding objectives and are the basis for the selection 

process. However, selection with a multi-character concept 

needs to consider genetic parameters and the concept of 

combining the selection characters. The use of genetic 

diversity and heritability are genetic parameters that must 

be known in selection (Priyanto et al. 2018; Anshori et al. 

2022). In addition, the use of productivity as the main 
character is controlled by many genes, so the effectiveness 

of selection needs to include several production-supporting 
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characters to increase the stability and accuracy of selection 

(Kassahun et al. 2013; Fellahi et al. 2018; Padjung et al. 

2021). These supporting characters must have a strong 

relationship with productivity characters, so that the 

estimation of productivity supporting selection criteria is 

carried out systematically (Silva et al. 2020; Padjung et al. 

2021; Amegbor et al. 2022; Akfindarwan et al. 2023). 

Therefore, the use of several selection criteria with high 

genetic diversity is important in selection. One selection 

method that can collect several selection criteria effectively 
is the selection index. 

The selection index is a multiple linear regression equation 

of selection criteria with specific weight values (Simeão et 

al. 2015; Fadhilah et al. 2022). The selection index method 

is a selection method that was developed with the aim of 

being able to select superior genotypes according to the 

desired goals (Hapsari 2014). The weighting value can be a 

priority value between selection criteria. This concept is 

considered adequate in multi-character-based selection. A 

crucial thing in developing a selection index is determining 

the weight values in the selection index (Amzeri et al. 
2020). This can be done through heritability and statistical 

approaches, such as principal components analysis. Principal 

component analysis can combine selection criteria into a 

dimension with specific eigenvector values as weight 

values (Ramos et al. 2014; Gazal et al. 2017). Therefore, 

the concept of index formation can also be applied to the 

S3 corn screening process. This research aims to determine 

the selection criteria and index for S3 corn lines and to 

select potential lines that can proceed to the hybridization 

stage. 

MATERIALS AND METHODS 

Plant materials and experimental design 

The plant materials or genotypes used in this study were 

S3 convergent breeding lines and check varieties. Convergent 

breeding lines were generated from 4 populations double 

cross and 4 population of multiple cross of the S3 generation 

(Table 1). In addition, nine check varieties were also used, 

namely NK7328, Pioneer 36 (P36), Bisi 18 (B18), Bisi 2  

(B2), NK99, Nasa 29 (N29), JH45, Bisi 9 (B9), and NK212. 

This research was arranged in an augmented design, with 

the randomized completed block design as its environmental 

design. All lines as non-repeating factors were distributed 

into 4 blocks, while all check varieties were repeated in all 

blocks. This combination generated 97 experimental units 

(61 units for lines + 36 units for check) and each experimental 

unit planted 30 individual plants, so there were 2910 

individual plants. 

Field experiment 
The research was carried out from July to November 

2022 in Rea Village, Binuang District, Polewali Mandar 

Regency, West Sulawesi with altitude of 24 m above sea 

level. These locations have rainfall patterns of 426 mm for 

July, 69 mm for August, 161 mm for September, 403 mm 

for October, and 345 for November 2022 Land preparation 

began with cleaning the land from weed residues, then 

plowing the land. The land was then made into 4 blocks 

with dimensions of 6,5 m x 35 m and a distance between 

blocks of 100 cm. For each experimental unit, there were 

two rows or 30 plants. Two seeds were sown in each plant 
hole with a spacing of 70 x 20 cm. After 2 weeks, thinning 

and replanting were carried out in each hole, so that each 

hole only contained one plant.  

Fertilization, irrigation, weeding, hilling, disease and 

insect control are maintenance activities in this research. 

Fertilization was carried out three times using urea, SP36, 

and Phonska fertilizer at the ages of 7 Days After Planting 

(DAP), 35 DAP, and 50 DAP. Irrigation is carried out every 

10 days until harvest, depending on weather conditions. 

Weeding was carried out when the plants were 10 DAP and 

35 DAP by cleaning the weeds around the corn plants. 
Hilling was carried out when the plants were 35 DAP by 

raising the mound and loosening the soil. Pest and disease 

control were carried out by spraying pesticide.  

Selfing was carried out to the S3 lines on 10 plants per 

line, and 20 other plants were allowed to reproduce open-

polinated for evaluation. On other hands, the check varieties 

were allowed to open-pollinate. Harvesting was done at the 

cobs have experienced physiological maturity (black spots 

at the base of seed) or around 100 DAP. 

 
 
 
 
Table 1. The lines detail as unrepeated genotypes 

 

Label The crossing details Population Number of lines 

DC1 (P36 F1/B9 F1) Double cross 9 
DC2 (B9 F1/P36 F1) Double cross 3 
DC3 (NK7328 F1/HJ28 F1) Double cross 5 
DC4 (HJ28 F1/NK7328 F1) Double cross 13 
MC1 P36/B9//NK7328/JH2///B18/JH45//N29/B2 Multiple cross 13 

MC2 B9/P36//HJ28/NK7328///HJ28///B18/ /N29/B2 Multiple cross 10 
MC5 HJ28/NK7328//B9/P36///N29/B2//HJ28/NK7328 Multiple cross 6 
MC7 NK7328/HJ28//P36/B9///B2/N29//B18/JH45 Multiple cross 2 
Sum of selected lines from S1  61 

Note: DC: Double Cross, MC: Multiple Cross 
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Observation parameters and data analysis 

The parameters observed were plant height, number of 

leaves, stem diameter, cob height, male flowering age, 

female flowering age, anthesis silking interval, diameter of 

cobs, length of cobs, length of seed cobs, number of rows 

per cob, number of seeds per row, weight of 100 seeds, 

yield percentage, and weight of seeds per cob. The data 

obtained were analyzed using variance analysis according 

to augmented design (Federer and Raghavarao 1975; You 

et al. 2016; Fadhilah et al. 2022; Malaquias et al. 2022). 
The ANOVA results are the basis for determining character’s 

broad sense heritability according to Lestari et al. (2012), 

where the heritability classification was divided into three, 

namely high (>50%), moderate (20-50%) and low (<20%) 

(Acquaah 2015; Syukur et al. 2015; Fadhilah et al. 2022). 

Besides broad heritability, determination of genotypic 

coefficient of variability (GCV) also was analyzed by 

following formula of GCV= √(σg )/X×100%, where σg = 

Genetic variance and X = Mean of populations. The GCV 

criteria also consisted of three, namely greated (>14.5%), 

moderate (5-14.5%), and narrow (0-5%) (Milligan et al. 
1996). The selection criteria are determined systematically 

through Pearson correlation analysis and path analysis to 

determine the close relationship between supporting 

characters and the main characters, then combined into a 

selection index based on the direct influence of cross-prints. 

RESULTS AND DISCUSSION 

Variance analysis 

The results of variance analysis showed that almost all 

characters were influenced by genotype, check and the 

comparison of lines and check (lines vs check), except for 

several characters. The character number of leaves and 
stem diameter are influenced by lines and comparison of 

line and check. The character of male flowering age and 

female flowering age is only influenced by check variance. 

Meanwhile, the Anthesis Silking Interval (ASI), diameter 

of cobs, number of rows per cobs, and weight of cobs have 

been influenced by check and comparison line vs check 

variance (Table 2). Based on the overall character, coefficient 

of variance values range from 5.38-14.58. 

Genetic variance coefficient and heritability 

The Genetic Diversity Coefficient (GDC) in Table 3 

shows that almost all of the observed characters have 

relatively narrow GDC values  ranging from 0.68-4.73, except 
for the character's length of cobs (5.98), length of seed cobs 

(7.06), weight of seeds per cob (7.84), and weight of 100 

seeds (7.75) with a medium GDC value. Based on the 

heritability value, the weight of 100 seeds character has the 

highest heritability (89.30). At the same time, the Anthesis 

Silking Interval (ASI) has the lowest heritability (4.20). 

Correlation among selected traits 

The results of the correlation analysis showed that the 

characters that were significantly positively correlated with 

the weight of seeds per cob character were stem diameter 

(0.84**), cob height (0.60**), diameter of cobs (0.81**), 

length of cobs (0.73**), number of rows per cob (0.50**), 

number of seeds per row (0.78**), weight of 100 seeds 

(0.40**), and yield percentage (0.78*). The character that 

was significantly negatively correlated with the character 

of weight of seeds per cob was the character plant height (-

0.10**), male flowering age (-0.47**) and female flowering 

age (-0.32**). In addition, the characters that do not correlate 

with the characteristics of weight of seeds per cob, namely 

the number of leaves, Anthesis Silking Interval (ASI), weight 
of cob, and length of seed cobs (Table 4). 

Path analysis and selection index value 

The path analysis results show a determination value of 

0.6183 for the path analysis model (Table 5). Based on the 

path analysis results, stem diameter (0.28), diameter of 

cobs (0.20) and yield percentage (0.37) had a sizeable 

direct influence on the characteristics of weight of seeds 

per cob. The selection index value based on path analysis 

(Table 6) is formed from a combination of four characters, 

namely stem diameter, diameter of cobs, yield and weight 

of seeds per cob. Therefore, the selection index developed 
in this research is, 

Selection Index = weight of seeds per cob + (0.28 x 

0.6183 x stem diameter) + (0.37 x 0.6183 x yield percentage) 

Based on this selection index, there were 5 lines 

resulting from the double cross and 9 lines resulting from 

the multiple crosspopulation, which have positive index 

values, and almost all of the selected lines have better 

index values than comparison varieties. 
 
 
Table 2. Analysis of variance from Augmented design to the 
growth characteristics of S3 generation corn 
 

Character 
Source of variation 

CV 
C L L vs C 

PH 620.54** 189.16** 4766.97** 5.53 
NL 0.92ns 1.13** 25.12** 6.63 
SD 1.30ns 2.42* 15.42** 5.53 
CH 281.25** 111.92** 10250.93** 5.38 
MFA 40.57* 18.11ns 11.27ns 7.64 

FFA 49.04* 17.53ns 13.46ns 7.74 
ASI 4.30** 0.28ns 2.90** 13.70 
WC 478.37* 322.13ns 4607.67** 14.58 
DC 14.60* 4.96ns 71.18** 5.51 
LC 9.08** 6.48** 48.47** 8.02 
LSC 5.37** 7.64** 11.49* 8.04 
NRC 7.85** 1.56ns 8.31* 7.89 
NSR 21.79** 13.48** 76.97** 6.98 

W100S 6.49* 8.42** 23.63** 6.01 
Y 101.77* 66.98* 280.27** 9.15 
WSC 474.38** 167.80** 1061.06** 12.69 

Note: **: Significant effect on 1% level, *: Significant effect on 
5% level, ns: Not significant, L: Lines, C: Check, CV: Coefficient 
of Variance, PH: Plant Height, NL: Number of Leaves, SD: Stem 
Diameter, CH: Cob Height, MFA: Male Flowering Age, FFA: 
Female Flowering Age, ASI: Anthesis Silking Interval, DC: 

Diameter of Cobs, LC: Length of Cobs, LSC: Length of Seed 
Cobs, NRC: Number of Rows per Cob, NSR: Number of Seeds 
per Row, WSC: Weight of Seeds per Cob, W100S: Weight of 100 
Seeds, Y: Yield, WSC: Weight of Seed per Cob 
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Discussion 

The results of the analysis of variance in this study 

showed that differences in genotypes and comparison 

between genotypes and checks had a significant to very 

significant effect on the 10 observed characters. These 

characters can then be used as a basis for determining the 

effectiveness of a selection. In general, significant variance 

is the initial basis for determining the effectiveness of 

selection on a character, and the source of line diversity, as 

well as comparison between lines and checks, are essential 
assessments in the line selection process (Litrico and Violle 

2015; Fellahi et al. 2018; Priyanto et al. 2018; Anshori et 

al. 2022). The coefficient of diversity value for each character 

ranges from 5.38-14.58. Therefore, based on these aspects 

of consideration, the characteristics of plant height, number 

of leaves, stem diameter, cob height, length of cobs, length 

of seed cobs, number of seeds per row, weight of seeds per 

cob, weight of 100 seeds, and yield are appropriate characters 

for further analysis as a candidate for selection criteria in 

the distribution process. 

The results of the Genetic Diversity Coefficient (GDC) 
analysis show that there are 12 genotypes with narrow GDC 

values and 4 genotypes with medium GDC values. In the S3 

population resulting from crosses, the segregation that occurs 

begins to decrease compared to the previous generation, so 

the genetic diversity obtained will be narrower. In addition, 

heritability estimation can show whether a character is 

controlled by genetic or environmental factors so that it can be 

seen to what extent the character can be passed on to subsequent 

offspring (Syukur et al. 2015). 

Almost all of the observed characters are dominated by 

heritability values in the medium and high categories, so it 
can be said that these characters show a more significant 

genetic influence than their environmental influence. 

Characters that show high heritability values and broad 

GDC can be continued at the selection stage. However, if 

there are characters with narrow GDC values, they can still 

be considered if the heritability value in the population 

remains high (Rosyidah et al. 2016). The heritability value 

can be used to determine selection progress, where the 

higher the heritability value of a character, the greater the 

selection progress that can be achieved through the selection 

of that character (Hidayatullah et al. 2018). However, if the 

character is not closely related to the main objective, namely 

WSC, then the character is not worthy of being used as a 

selection criterion. Therefore, the relationship between the 

main character and other characters in this study is known 

through correlation analysis and path analysis. 
 
 
Table 3. Genetic diversity coefficient and heritability 

 

Character VG VP 
GDC Heritability 

(%) Criteria Character VG 

PH 21.08 37.83 2.78 Narrow 55.72 High 

NL 0.13 0.23 3.39 Narrow 55.84 High 

SD 0.23 0.48 2.35 Narrow 47.45 Moderate 

CH 17.32 22.38 4.45 Narrow 77.37 High 

MFA 0.60 3.62 1.46 Narrow 16.45 Low 

FFA 0.15 3.51 0.76 Narrow 4.31 Low 

ASI 0.002 0.06 1.18 Narrow 4.20 Low 

WC 22.20 64.43 4.73 Narrow 34.46 Moderate 

DC 0.07 0.99 0.68 Narrow 7.04 Low 

LC 0.95 1.30 5.98 Moderate 73.59 High 

LSC 1.21 1.53 7.06 Moderate 79.46 High 

NRC 0.07 0.31 1.91 Narrow 23.23 Moderate 

NSR 1.50 2.70 3.50 Narrow 55.79 High 

W100S 1.50 1.68 7.75 Moderate 89.30 High 
YP 6.56 13.40 4.01 Narrow 48.99 Moderate 

WSC 22.01 33.56 7.84 Moderate 65.59 High 

ASI 22.20 64.43 4.73 Narrow 34.46 Moderate 

Note: VG: Variance of Genotypes, VP: Variance of Phenotypes, 
GDC: Genetic Diversity Coefficient, PH: Plant Height, NL: Number 
of Leaves, SD: Stem Diameter, CH: Cob Height, MFA: Male 
Flowering Age, FFA: Female Flowering Age, ASI: Anthesis Silking 
Interval, DC: Diameter of Cobs, LC: Length of Cobs, LSC: Length 
of Seed Cobs, NRC: Number of Rows per Cob, NSR: Number of 
Seeds per Row, WSC: Weight of Seeds per Cob, W100S: Weight 

of 100 Seeds, BY: Yield Percentage, WC: Weight of Cob. The 
bold letter indicated the best heritability among growth parameters 

 

 
Table 4. Pearson correlation for the selected traits in maize 
 

 PH NL SD CH MFA FFA ASI WC DC LC LSC NRC NSR W100S YP 

NL 0.05ns               
SD -0.04ns 0.03ns              
CH -0.12ns 0.001ns 0.62**             
MFA -0.09ns -0.08ns -0.47** -0.25**            
FFA -0.08ns 0.003ns -0.30** -0.12* 0.55**           
ASI 0.02ns 0.04ns -0.04ns -0.01ns 0.04ns 0.09ns          

WC 0.26ns 0.02ns 0.06ns 0.01ns -0.07ns -0.10ns 0.03ns         
DC -0.02ns 0.05ns 0.80** 0.51** -0.57** -0.40** -0.11* 0.06ns        
LC -0.04ns 0.05ns 0.72** 0.53** -0.46** -0.29** -0.07ns 0.09ns 0.78**       
LSC -0.003ns -0.004ns -0.01ns -0.06ns -0.08ns -0.11* 0.07ns -0.05ns 0.06ns -0.07ns      
NSC -0.02ns -0.004ns 0.52** 0.30** -0.27** -0.14** -0.00004ns 0.09ns 0.51** 0.40** -0.02ns     
NSR -0.10* 0.01ns 0.78** 0.58** -0.40** -0.27** -0.08ns 0.03ns 0.80** 0.72** -0.06ns 0.48**    
W100S -0.02ns -0.02ns 0.41** 0.34** -0.18** -0.11* -0.04ns -0.07ns 0.43** 0.37** 0.03ns 0.13** 0.40**   
YP -0.26** 0.03ns 0.63** 0.49** -0.33** -0.18** -0.05ns -0.53** 0.60** 0.52** 0.03ns 0.33** 0.60** 0.35**  
WSC -0.10* 0.05ns 0.84** 0.60** -0.47** -0.32** -0.05ns 0.09ns 0.81** 0.73** -0.04ns 0.50** 0.78** 0.40** 0.78** 

Notes: **: Significant effect on 1% level, *: Significant effect on 5% level, ns: Not significant, PH: Plant Height, NL: Number of 
Leaves, SD: Stem Diameter, CH: Cob Height, MFA: Male Flowering Age, FFA: Female Flowering Age, ASI: Anthesis Silking Interval, 
DC: Diameter of Cobs, WC: Weight of Cobs, LC: Length of Cobs, LSC: Length of Seed Cobs, NRC: Number of Rows per Cob, NSR: 
Number of Seeds per Row, W100S: Weight of 100 Seeds, YP: Yield Percentage, WSC: Weight of Seeds per Cob 



MAKMUR et al. – The S3 corn convergent breeding population selection 

 

1101 

Table 5. Path analysis for maize based on the traits with the highest correlation to weight of seeds per cob 
 

Traits SD CH DC LC NRC NSR W100S PY Res 

SD 0.28 0.03 0.16 0.07 0.03 0.04 -0.004 0.23 0.84 
CH 0.17 0.05 0.10 0.05 0.02 0.03 -0.003 0.18 0.60 
DC 0.22 0.03 0.20 0.08 0.03 0.04 -0.004 0.22 0.81 
LC 0.20 0.03 0.16 0.10 0.02 0.04 -0.004 0.19 0.73 
NRC 0.15 0.01 0.10 0.04 0.06 0.02 -0.001 0.12 0.50 

NSR 0.22 0.03 0.16 0.07 0.03 0.05 -0.004 0.22 0.78 
W100S 0.11 0.02 0.09 0.04 0.01 0.02 -0.01 0.13 0.40 
PY 0.18 0.02 0.12 0.05 0.02 0.03 -0.004 0.37 0.78 

Notes: Numbers in bold indicate a direct effect, cross-print R2: 61.83, Res: Residual, SD: Stem Diameter, CH: Cob Height, DC: 
Diameter of Cob, LC: Length of Cob, NRC: Number of Rows per Cob, NSR: Number of Seeds per Row, W100S: Weight of 100 Seeds, 
YP: Yield Percentage 
 
 

Table 6. The best lines selected based on the total number of fruit 
characters 
 

Lines Actual value Standardization Index 

selection WSC SD BY WSC SD PY 

MC1.5.2.5 98.8 20.41 69.22 2.69 -0.07 0.57 2.81 

MC2.3.8.4 96.67 20.06 71.09 2.54 -0.29 0.75 2.66 
MC2.23.1.3 91.68 23.08 64.06 2.2 1.55 0.05 2.48 
MC1.5.7.5 90.37 21.18 70.25 2.11 0.4 0.67 2.33 
MC2.22.9.2 93.46 19.27 68.59 2.32 -0.76 0.5 2.30 
DC2.7.14.2 87.7 20.44 70.77 1.93 -0.05 0.72 2.09 
DC2.12.3.2 84.24 20.41 76.88 1.69 -0.07 1.33 1.98 
MC5.2.6.2 85.87 19.72 72.07 1.8 -0.49 0.85 1.91 
DC4.27.5.3 86.03 22.24 59.1 1.81 1.04 -0.44 1.89 

DC4.24.13.1 82.91 23.2 63.41 1.6 1.62 -0.01 1.88 
MC5.1.4 .1 84.35 20.6 69.19 1.7 0.04 0.56 1.84 
DC2.25.6.1 86.6 18.98 69.08 1.85 -0.94 0.55 1.81 
MC1.5.4.1 83.06 21.66 61.41 1.61 0.69 -0.21 1.68 
MC2.22.4.3 79.08 20.53 75.69 1.34 0 1.21 1.62 
P6 (NASA 29) 80.87 20.45 67.72 1.46 -0.05 0.42 1.55 
P7 (JH 45) 79.94 21.48 63.88 1.4 0.58 0.04 1.51 
DC1.10.5.1 77.66 18.7 80.15 1.24 -1.11 1.65 1.43 
MC1.42.5.1 74.02 18.04 94.06 0.99 -1.51 3.03 1.42 

DC1.15.3.1 74.07 20.52 81.69 0.99 0 1.8 1.40 
DC4.9.5.4 77.43 20.25 72.67 1.22 -0.17 0.91 1.40 
MC5.2.9.2 70.83 19.51 91.74 0.77 -0.61 2.8 1.30 
DC1.25.10.1 76.78 19.37 73.17 1.18 -0.7 0.96 1.28 
DC4.51.4.2 71.41 19.93 84.57 0.81 -0.36 2.09 1.23 
DC4.41.4.1 68.97 25.11 66.71 0.64 2.77 0.32 1.19 
DC1.21.3.3 67.34 25.8 64.71 0.53 3.19 0.12 1.11 
MC5.2.10.4 77.84 19.1 62.1 1.25 -0.86 -0.14 1.07 

DC4.36.1.5 73.86 20.58 66.72 0.98 0.03 0.32 1.06 
MC1.37.14.3 73.5 20.38 67.18 0.96 -0.09 0.36 1.03 
P1(NK7328) 75.34 21.16 56.74 1.08 0.38 -0.67 0.99 
MC2.9.1.1 70.98 21.03 67.34 0.78 0.31 0.38 0.92 
MC5.5.8.3 69.63 19.97 76.01 0.69 -0.34 1.24 0.91 
DC3.8.8.2 72.55 18.18 74.05 0.89 -1.42 1.05 0.88 
DC1.8.4.4 68.95 18.77 78.09 0.64 -1.07 1.45 0.79 
DC4.38.14.4 70.18 22 58.64 0.73 0.89 -0.48 0.77 

MC2.23.5.4 66.1 21.24 72.67 0.45 0.43 0.91 0.73 
MC1.11.6.4 67.81 21.94 64.18 0.56 0.86 0.07 0.72 
MC2.23.3.1 69.76 19.02 70.36 0.7 -0.92 0.68 0.70 
P3 (BISI 18) 65.29 21.34 71.8 0.39 0.49 0.82 0.66 
DC1.1.24.3 66.79 20.97 68.74 0.49 0.27 0.52 0.66 
DC1.27.6.2 63.8 20.11 80.82 0.29 -0.25 1.72 0.64 
MC1.48.1.2 65.87 20.11 68.84 0.43 -0.25 0.53 0.51 
DC4.42.12.3 68.79 19.87 60.63 0.63 -0.4 -0.29 0.49 

MC7.1.2.5 66.1 20.53 65.41 0.45 0 0.19 0.49 
MC5.10.7.1 54.84 22.87 87.88 -0.33 1.42 2.42 0.47 
MC1.24.6.5 66.16 20.68 62.87 0.45 0.09 -0.06 0.45 

MC1.48.6.1 59.24 20.41 81.92 -0.02 -0.07 1.83 0.39 
DC3.33.15.3 63.21 22.59 57.22 0.25 1.25 -0.63 0.32 
P4 (BISI 2) 65.92 20.28 59.42 0.43 -0.15 -0.41 0.31 
MC7.2.8.1 66.51 19.87 59.02 0.48 -0.4 -0.45 0.31 
DC4.19.7.4 60.13 21.06 72.71 0.04 0.32 0.91 0.30 
DC4.53.2.3 60.1 19.73 78.25 0.04 -0.49 1.46 0.29 
MC1.34.5.1 63.68 19.17 69.32 0.28 -0.82 0.58 0.27 
DC4.31.3.1 66.84 16.6 71.34 0.5 -2.38 0.78 0.27 

MC2.34.11.2 62.99 21.46 59.92 0.23 0.57 -0.36 0.25 
MC1.10.2.5 63.02 18.9 71.06 0.24 -0.99 0.75 0.24 
MC1.11.7.3 64.8 20.41 57.93 0.36 -0.07 -0.55 0.22 
MC2.1.6.3 70.63 17.89 50.33 0.76 -1.6 -1.31 0.18 
MC1.11.3.4 63.56 19.2 65.15 0.27 -0.8 0.16 0.17 
DC1.10.6.5 63.21 20.35 60.42 0.25 -0.11 -0.31 0.16 
DC1.1.6.5 58.82 23.19 60.02 -0.05 1.61 -0.35 0.15 
DC3.31.10.1 59.83 22.16 61.58 0.02 0.99 -0.19 0.15 

P2 (PIONEER36) 62.82 20.76 57.77 0.22 0.14 -0.57 0.11 
MC2.23.9.3 66.67 17.56 60.18 0.49 -1.8 -0.33 0.10 
DC3.32.14.4 59.24 23.08 56.82 -0.02 1.55 -0.67 0.10 
DC4.26.6.5 65.14 19.27 55.03 0.38 -0.76 -0.84 0.06 
DC4.37.2.1 59.8 20.82 62.16 0.01 0.18 -0.13 0.01 
DC3.1.14.2 53.75 21.46 76.38 -0.4 0.57 1.28 -0.01 
P5 (NK 99) 57.41 20.03 58.16 -0.15 -0.3 -0.53 -0.32 
P8 (BISI 9) 56.37 20.87 56.37 -0.22 0.21 -0.71 -0.35 

P9 (NK 212) 54.74 20.68 61.82 -0.33 0.09 -0.17 -0.35 

Note: WSC: Weight of Seeds per Cob, SD: Stem Diameter, YP: 
Yield Percentage 
 
 

The results of previous analyzes indicate that almost all 

observed characters can become selection characters, 

however the use of all observed characters in selection can 

reduce the effectiveness of the selection itself, so main 

characters and supporting characters are needed that are in 

line with the plant breeding program (Mustafa et al. 2019; 

Anshori et al. 2021; Fadli et al. 2022; Farid et al. 2022). 

Determining character as a selection criterion can be seen 
based on the correlation between the main character and 

supporting characters, as well as the magnitude of the 

direct influence of the supporting character on the main 

character, which can be done through correlation and path 

analysis (Khapte and Jansirani 2014; Mustafa et al. 2019; 

Akbar et al. 2021). The use of correlation analysis and path 

analysis has been widely carried out on various types of 

plants, such as Maize (Pavlov et al. 2015; Amas et al. 2021; 

Magar et al. 2021; Pranay et al. 2022), tomatoes (Singh et 

al. 2018; Maurya et al. 2020; Nevani and Sridevi 2021; 

Fadhilah et al. 2022; Tsagaye et al. 2022; Panchbhai and 
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Kulkarni 2023), and chilies (Luitel et al. 2013; Amas et al. 

2023). 

The results of this study indicate that almost all observed 

characters can become selection characters. However, the 

use of all observed characters in selection can reduce the 

effectiveness of the selection itself, so main characters and 

supporting characters are needed that are in line with the 

plant breeding program (Mustafa et al. 2019; Anshori et al. 

2021; Fadli et al. 2022; Farid et al. 2022). Determining 

character as a selection criterion can be seen based on the 
correlation between the main character and supporting 

characters, as well as the magnitude of the direct influence 

of the supporting character on the main character, which 

can be done through correlation and path analysis (Khapte 

and Jansirani 2014; Mustafa et al. 2019; Akbar et al. 2021). 

However, this character needs to consider its heritability 

value. Based on the heritability value, the DC character is a 

character that has low heritability, while SD and percentage 

of results have moderate heritability with values close to 

50%. This indicates that the SD and percentage results can 

be considered for inclusion in the selection index. 
 In this research, the selection criteria have been 

determined with a systematic concept, so determining the 

weighting for each selection criterion is the main thing at 

this stage. Several methods for developing selection indices 

include subjective (Hidayatullah et al. 2018), objective 

(Anshori et al. 2021, 2022; Farid et al. 2021, 2022) or 

semi-subjective (Alsabah et al. 2019). The semi-subjective 

weighting development method is considered to be the 

right choice in this research. However, the use of direct 

influence also needs to be corrected by the determination 

value (Anshori et al. 2019).  
The selection index results in Table 6 show that there 

were 24 lines identified a good performance. The 

identification was based on 2 selection concepts, namely by 

comparison with check variety (Anshori et al. 2021, 2022) 

and by use positive value in the index value as a basis for 

selection (Peternelli et al. 2017; Anshori et al. 2021, 2022; 

Padjung et al. 2021). The effectiveness of this approach 

combination was also applied by Anshori et al. (2021, 

2022). Therefore, these 14 corn lines are worth recommending 

being passed on to the S4 generation. 

In conclusion, the use of selection indices based on 

multivariate analysis is considered effective in the systematic 
selection of convergent breeding S3 maize populations. 

The effective selection index formulation in this study was 

seed weight per ear + (0.28 x 0.6183 x stem diameter) + 

(0.30 x 0.6183 x ear diameter) + (0.37 x 0.6183 x yield). 

The results of index selection show that 14 S3 lines of 

convergent breeding corn can be inherited by the S3 

generation. These lines need to be tested with within-

family analysis of variance to discern potential 

transgressive segregation. 

ACKNOWLEDGEMENTS 

We are grateful to the Ministry of Education, Culture, 
Research, and Technology of the Republic of Indonesia 

through the scheme of BIMA Doctor Dissertation Research.  

REFERENCES 

Acquaah G. 2015. Conventional plant breeding principles and techniques. 

In: Al-Khayri J, Jain S, Johnson D (eds). Advances in Plant Breeding 

Strategies: Breeding, Biotechnology and Molecular Tools. Springer, 

Cham. DOI: 10.1007/978-3-319-22521-0_5. 

Akbar MR, Purwoko BS, Dewi IS, Suwarno WB, Sugiyanta, Anshori MF 

2021. Agronomic and yield selection of double haploid lines of 

rainfed lowland rice in advanced yield trials. Biodiversitas 22: 3006-

3012.  

Akfindarwan AK, Farid M, Syaiful SA, Anshori MF, Nur A. 2023. 

Selection criteria and index analysis for the S2 maize lines of 

doublecrosses. Biodiversitas 24: 192-199. DOI: 10.13057/biodiv/d240123.  

Alsabah R, Purwoko BS, Dewi IS, Wahyu Y (2019). Selection index for 

selecting promising doubled haploid lines of black rice. SABRAO J 

Breed Genet 51 (4): 430-441. 

Amas ANK, Hardiansyah MY, Musa Y, Amin AR. 2021. Selection of 

several hybrid maize (Zea mays L.) genotypes under low nitrogen 

condition. IOP Conf Ser: Earth Environ Sci 807: 032014. DOI: 

10.1088/1755-1315/807/3/032014. 

Amas ANK, Musa Y, Farid M, Anshori MF. 2023. Genetic characteristics 

of F2 populations obtained through double and three-way crosses in 

cayenne peppers. Sabrao J Breed Genet 55 (2): 309-318. DOI: 

10.54910/sabrao2023.55.2.4. 

Amegbor IK, Biljon AV, Shargie N, Tarekegne A, Labuschagne MT. 

2022. Heritability and associations among grain yield and quality 

traits in quality protein maize (QPM) and non-qpm hybrids. Plants 11 

(6): 713. DOI: 10.3390/plants11060713. 

Amzeri A, Badami K, Khoiri S, Umam AS, Wahid N, Nurlaella S. 2020. 

Morphological character, heritability, and selection index of some F1 

generations of Melon (Cucumis melo L.). Jurnal Agro 7 (1): 42-51. 

DOI: 10.15575/6244. [Indonesian] 

Anshori MF, Purwoko BS, Dewi IS, Ardie SW, Suwarno WB. 2021. A 

new approach to select doubled haploid rice lines under salinity stress 

using indirect selection index. Rice Sci 28 (4): 368-378. DOI: 

10.1016/j.rsci.2021.05.007. 

Anshori MF, Purwoko BS, Dewi IS, Suwarno WB, Ardie SW. 2022. 

Salinity tolerance selection of double-haploid rice lines based on 

selection index and factor analysis. AIMS Agric Food 7 (3): 520-535. 

DOI: 10.3934/agrfood.2022032. 

Azizah E, Setyawan A, Kadapi M, Yuwariah Y, Ruswandi D. 2017. 

Morphology and agronomical identification of Unpad maize hybrids 

under intercropping with black rice in Arjasari up land, West Java. 

Jurnal Kultivasi 16 (1): 260-264. DOI: 10.24198/kltv.v16i1.11718. 

[Indonesian] 

BPS-statistics Indonesia. 2023. Corn harvested area, production and 

productivity by province, 2022-2023. Available at: https://www.bps.go.id 

/id/statistics-table/2/MjIwNCMy/luas-panen--produksi--dan-produktivitas- 

jagung-menurut-provinsi.html (January 22, 2024). [Indonesian] 

Fadhilah AN, Farid M, Ridwan I, Anshori MF, Yassi A. 2022. Genetic 

parameters and selection index of high-yielding tomato F2 populations. 

Sabrao J Breed Genet 54: 1026-1036. DOI: 10.54910/sabrao2022.54.5.6. 

Fadli M, Farid M, Yassi A, Nasaruddin, Anshori MF, Nur A, Suratman. 

2022. Evaluation of the advanced yield trial on tropical wheat 

(Summer wheat L.) mutant lines using selection index and multivariate 

analysis. Biodiversitas 23: 540-547. DOI: 10.13057/biodiv/d230158. 

Farid M, Anshori MF, Ridwan I, Dungga NE, Ermiyanti I. 2022. Half 

diallel of F1 tomato hybrid and its double cross-compatibility. 

Biodiversitas 23 (4): 1813-1821. DOI: 10.13057/biodiv/d230413. 

Farid M, Nasaruddin, Musa Y, Ridwan I, Anshori MF. 2021. Effective 

screening of tropical wheat mutant lines under hydroponically 

induced drought stress using multivariate analysis approach. Asian J 

Plant Sci 20: 172-182. DOI: 10.3923/ajps.2021.172.182. 

Federer WT, Raghavarao D. 1975. On Augmented Designs. Biometrics 31 

(1): 29-35. DOI: 10.2307/2529707. 

Fellahi ZEA, Hannachi A, Bouzerzour H. 2018. Analysis of direct and 

indirect selection and indices in bread wheat (Summer wheat L.) 

segregating progeny. Intl J Agron 2018: 8312857. DOI: 

10.1155/2018/8312857. 

Gazal A, Nehvi FA, Lone AA, Dar ZA, Wani MA. 2017. Smith hazel 

selection index for the improvement of maize inbred lines under water 

stress conditions. Intl J Pure App Biosci 5 (1): 72-81. DOI: 

10.18782/2320-7051.2444. 



MAKMUR et al. – The S3 corn convergent breeding population selection 

 

1103 

Hapsari RT. 2014. Estimation of genetic diversity and correlation between 

yield and components of early maturing Mung Beans. Buletin Plasma 

Nutfah 20: 51-58. DOI: 10.21082/blpn.v20n2.2014.p51-58. [Indonesian] 

Hidayatullah A, Purwoko BS, Dewi IS, Suwarno WB. 2018. Agronomic 

performance and yield of doubled haploid rice lines in advanced yield 

trial. Sabrao J Breed Genet 50 (2): 42-53. 

Huang BE, Verbyla KL, Verbyla AP, Raghavan C, Singh VK, Gaur P, 

Leung H, Varshney RK, Cavanagh CR. 2015. Magic populations in 

crops: Current status and future prospects. Theor Appl Genet 128 (6): 

999-1017. DOI: 10.1007/s00122-015-2506-0. 

Jambormias E, Sutjahjo SH, Mattjik AA. 2015. Transgressive segregation 

analysis of multiple traits in mungbean (Vigna radiata L. Wilczek). 

Sabrao J Breed Genet 47 (2): 201-213. 

Kassahun BM, Alemaw G, Tesfaye B. 2013. Correlation studies and path 

coefficient analysis for seed yield and yield components in Ethiopian 

coriander accessions. Afr Crop Sci J 21: 51-59. 

Khapte PS, Jansirani P. 2014. Genetic variability and performance studies 

of tomato (Solanum tomato L.) genotypes for fruit quality and yield. 

Trends Biosci 7 (12): 1246-1248. 

Lestari SU, Hapsari RI, Sutoyo. 2012. Improving storage root protein 

content in sweet potato through open-mating pollination. Agrivita 34 

(3): 225-232. DOI: 10.17503/agrivita.v34i3.67. 

Litrico I, Violle C. 2015. Diversity in plant breeding: A new conceptual 

framework. Trends Plant Sci 20 (10): 604-613. DOI: 

10.1016/j.tplants.2015.07.007. 

Luitel BP, Yoon CS, Surendra, Kang WH. 2013. Correlation and path 

analysis for fruit yield and quality characters in segregating 

population of mini paprika (Capsicum annuum L.). J Agric Life 

Environ Sci 25: 1-7. 

Magar BT, Acharya S, Gyawali B, Timilsena K, Upadhayaya J, Shrestha 

J. 2021. Genetic variability and trait association in maize (Zea mays 

L.) varieties for growth and yield traits. Heliyon 7 (9): e07939. DOI: 

10.1016/j.heliyon.2021.e07939. 

Malaquias JV, Amabile RF, Zorzo F, Melo JVP, Fagioli M. 2023. 

Analysis of variance in augmented block design and Scott-Knott’s test 

in hybrid corn selection studies. Pesqui Agropecu Bras 58: e03023. 

DOI: 10.1590/S1678-3921.pab2022.v57.03023. 

Masuka B, Magorokosho C, Olsen M et al. 2017. Gains in maize genetic 

improvement in Eastern and Southern Africa: II. CIMMYT 

open‐pollinated variety breeding pipeline. Crop Sci 57 (1): 180-191. 

DOI: 10.2135/cropsci2016.05.0408. 

Maurya RK, Singh AK, Sai A. 2020. Correlation and path analysis in 

tomato (Solanum lycopersicum L.) for yield and yield contributing 

traits. J Pharmacogn Phytochem 9 (3): 1684-1687. DOI: 

10.22271/phyto.2020.v9.i3ab.11555. 

Mawikere NL, Sarungallo AS, Aribowo DA, Gultom E. 2015. Phenotypic 

performance of eight genotypes of Manokwari-local corn produced by 

inbreed linesof first-generation. Agrotek 4 (7): 1-8. DOI: 

10.30862/agrotek.v4i7.128. [Indonesian] 

Milligan SB, Martin FA, Gravois KA. 1996. Inheritance of sugarcane 

ratooning ability and relationship of younger croptraits to older crop 

traits. Crop Sci 36: 45-60. DOI: 

10.2135/cropsci1996.0011183X003600010008x. 

Mustafa M, Syukur M, Sutjahjo SH, Sobir. 2019. Inheritance study for 

fruit characters of tomato IPBT78 x IPBT73 using joint scaling test. 

IOP Conf Ser: Earth Environ Sci 382: 012009. DOI: 10.1088/1755-

1315/382/1/012009. 

Nevani S, Sridevi O. 2021. Correlation and path coefficient analysis in 

tomato (Solanum lycopersicum L.). Pharm Innov J 10 (7): 1522-1525. 

Padjung R, Farid M, Musa Y, Anshori MF, Nur A, Masnenong A. 2021. 

Drought-adapted maize line based on morphophysiological selection 

index. Biodiversitas 22 (9): 4028-4035. DOI: 10.13057/biodiv/d220951. 

Panchbhai JR, Kulkarni GB. 2023. Correlation and path analysis studied 

of some genotypes in tomato (Solanum lycopersicum L.). Pharm 

Innov J 12 (7): 679-684. 

Pavlov J, Delić N, Marković K, Crevar M, Čamdžija Z, Stevanović M. 

2015. Path analysis for morphological traits in maize (Zea mays L.). 

Genetika 47 (1): 295-301. DOI: 10.2298/gensr1501295p. 

Peternelli LA, Moreira ÉFA, Nascimento M, Cruz CD. 2017. Artificial 

neural networks and linear discriminant analysis in early selection 

among sugarcane families. Crop Breed Appl Biotechnol 17 (4): 299-

305. DOI: 10.1590/1984-70332017v17n4a46. 

Pranay G, Shashibhushan D, Rani KJ, Bhadru D, Kumar CVS. 2022. 

Correlation and path analysis in elite maize (Zea mays L.) lines. Intl J 

Plant Soil Sci 34 (24): 414-422. DOI: 10.9734/ijpss/2022/v34i242657. 

Priyanto SB, Azrai M, Serealia BPT, Syakir M. 2018. Genetic variance, 

heritability, and path analysis on agronomic characters of single 

crosses hybrid maize. Informatika Pertanian 27 (1): 1-8. DOI: 

10.21082/ip.v27n1.2018.p1-8. [Indonesian] 

Ramos HCC, Pereira MG, Viana AP, Da Luz LN, Cardoso DL, Ferreguetti 

GA. 2014. Combined selection in backcross population of papaya 

(Load papaya L.) by the mixed model methodology. Am J Plant Sci 5 

(20): 2973-2983. DOI: 10.4236/ajps.2014.520314. 

Rosyidah NN, Damanhuri D, Respatijarti R. 2016. Selection of tomato F3 

populations (Lycopersicon Esculentum Mill.). Jurnal Produksi Tanaman 

4 (3): 231-239. DOI: 10.21176/protan.v4i3.286. [Indonesian] 

Silva MF, Maciel GM, Finzi RR, Peixoto JVM, Rezende WS, Castoldi R. 

2020. Selection indexes for agronomic and chemical traits in 

segregating sweet corn populations. Hortic Bras 38: 71-77. DOI: 

10.1590/S0102-053620200111 

Simeão R, Silva A, Valle C, Resende MD, Medeiros S. 2015. Genetic 

evaluation and selection index in tetraploid Brachiaria ruziziensis. 

Plant Breed 135 (2): 246-253. DOI: 10.1111/pbr.12353. 

Singh AK, Solankey SS, Akhtar S, Kumari P, Chaurasiya J. 2018. 

Correlation and path coefficient analysis in tomato. Intl J Curr 

Microbiol Appl Sci 7: 4278-4285. 

Siswati A, Basuki N, Sugiharto AN. 2015. Karakterisasi beberapa galur 

inbrida jagung pakan (Zea mays L.). Jurnal Produksi Tanaman 3 (1): 

19-26. DOI: 10.21176/protan.v3i1.164. [Indonesian] 

Syukur M, Sujiprihati S, Yunianti R. 2015. Teknik Pemuliaan Tanaman. 

Self-Help Spreader, Jakarta. [Indonesian] 

Tsagaye D, Gadebo A, Aklilu S. 2022. Correlation and path analysis in 

tomato (Lycopersicum esculentum Mill) genotypes. Ecol Evol Biol 7 

(3): 46-53. DOI: 10.11648/j.eeb.20220703.12. 

Wulan WPN, Yulianah I, Damanhuri. 2017. Penurunan ketegaran (inbreeding 

depression) pada generasi F1, S1 dan S2 populasi tanaman jagung 

(Zea mays L.). Jurnal Produksi Tanaman 5 (3): 521-530. [Indonesian] 

You FM, Song Q, Jia G , Chenga Y, Duguida S, Bookerc H, Cloutier S. 

2016.  Estimation of genetic parameters and their sampling variances 

for quantitative traits in the type 2 modified augmented design. Crop  

J 4 (2): 107-118. DOI: 10.1016/j.cj.2016.01.003. 

 


