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1. Introduction   

The world's population continues to increase every day and is projected to reach 9 
billion people by 2050 (Bahar et al., 2020). Experts estimate that agricultural 
consumption will also rise during this period. Food production needs to increase by 
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ABSTRACT 

Efficiency and effectiveness in controlling crossbreeding are pivotal in yielding superior hybrid 
varieties with desired traits such as genetic purity and high productivity. Cytoplasmic Male Sterile 
(CMS) is a crucial component in hybrid variety assembly. This study aims to identify the genotypes 
that can induce male sterile lines based on genetic diversity and the level of pollen sterility in the 
prospective male sterile genotypes tested, consisting of seventeen genotypes. The research findings 
revealed that the genetic diversity among the seventeen observed male-sterile candidate genotypes 
tends to vary in quantitative traits. Among the quantitative traits, JHD14 exhibited indications of 
being a male sterility inducer compared to the other genotypes observed, demonstrating a value of 0.00 
g in terms of pollen weight. This is further substantiated by the microscopic examination of JHD14 
pollen grains, which displayed 100% sterility.  
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70%, excluding feedstock for biofuels. The agricultural sector is both the most 
promising and the most challenging, given its susceptibility to the impacts of global 
climate change. The demand for food, particularly maize, is set to surge in line with the 
rapidly growing population (Akdemir et al., 2023). 

Maize is considered one of the most essential cereal crops globally due to its utilization 
in human consumption, animal feed, and food industry production (Donmez, 2022; 
Erenstein et al., 2022). Maize production can be enhanced through the use of high-
quality hybrid seeds (Bahtiar et al., 2023). Hybrid varieties represent superior cultivars 
derived from plant breeding that have demonstrated increased yields compared to 
composite varieties. Hybrid breeding has emerged as the most effective breeding 
system for enhancing plant genetics, increasing yields, and improving product quality 
(ter Steeg et al., 2022). However, in recent years, the average national production of 
hybrid maize seeds has remained relatively low when compared to multinational 
hybrid maize varieties. Accordingly, efforts are needed to increase the yield of hybrid 
maize seeds to achieve high-quality hybrid maize seed production. 

Achieving maximum maize production in sufficient quantities necessitates the support 
of appropriately designated, high-quality seeds (Donovan et al., 2022). The availability 
of quality seeds derived from superior hybrid varieties holds appeal for private seed 
companies to propagate and distribute seeds across diverse regions in adequate 
quantities (Bahtiar et al., 2022). Flower characteristics determine hybrid seed 
production, the synchronization of flowering times between parental lines, and other 
morphological traits influencing pollen transfer from male to female parents 
(Chakrabarty et al., 2023). 

Morphology and floral structure wield significant influence on maize kernel yields. 
The development of hybrid maize is impeded by the challenging large-scale seed 
production, which is determined by crossbreeding capabilities (Tiwari et al., 2023). The 
exploitation of the male sterility phenomenon is intended to obviate the need for 
emasculation, which can otherwise diminish yield potential (Xu et al., 2023). Efficient 
and effective crossbreeding control is imperative in attaining desirable traits such as 
genetic purity and high productivity for the creation of superior hybrid varieties. As 
such, improvements in parental lines, particularly male-sterile lines, are essential for 
the commercialization of hybrid maize. 

Male-sterile lines can be obtained spontaneously among breeding lines resulting from 
crosses between distantly related (interspecific) relatives or through mutagenesis. In 
the process of hybrid maize production, male sterile lines must possess not only perfect 
and stable sterility but also exhibit favorable flowering characteristics and effective 
cross-pollination capabilities. The success of hybrid assembly depends on the 
availability of lines with high receptivity and compatibility with their female 
counterparts, thereby ensuring a high rate of natural cross-pollination (Bai et al., 2022). 
The development of these male-sterile lines requires the assembly of donor and 
restorer lines, enabling the sustainable production of cytoplasmic male-sterile source 
seeds (Qin et al., 2020; Santayana et al., 2022). Increasing the efficiency of breeding 
programs can be done by considering genetic, phenotypic and heritability diversity 
(Kuswantoro, 2017). Genetic diversity is an important factor in plant breeding (Fadhli 
et al., 2023). This study aims to identify the genotypes that induce male sterile lines by 
examining genetic diversity and the level of pollen sterility in 17 candidate genotypes 
of male sterile lines. 
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2. Materials and Methods 

The genetic materials used in this study were sourced from the Center for Standard 
Testing of Cereal Plant Instruments, Maros, South Sulawesi, Indonesia. The study was 
conducted in the Bajeng District, Gowa Regency, South Sulawesi, Indonesia. The 
collection of materials occurred between March and July 2023, at an elevation of 90 
meters above sea level, with geographical coordinates of 5º18’30” S - 119º30’22” E. The 
precipitation pattern falls within the E2 classification of the Oldeman climate system, 
with monthly rainfall ranging from 35 - 280 mm (BMKG, 2023). 

2.1 Research Design and Procedures 

The study was organized following a randomized complete block design (RCBD), with 
each treatment unit replicated three times. The treatments consisted of 17 genotypes, 
resulting in a total of 51 experimental plots. Each experimental plot was planted in 5 x 
1.5 m plots with a planting spacing of 75 x 20 cm. As reported by Li et al. (2022) in the 
effect of plant density. One seed was placed in each planting hole of adjusted to the 
genotype label. Each treatment unit comprised 10 plant samples, yielding a total of 510 
observational samples. Maintenance activities included fertilization, pest and disease 
control, irrigation, and weeding. Fertilization was carried out twice according to Munir 
et al. (2023) with modification on the effective application of fertilizer on maize. First at 
10 days after planting with 150 kg ha-1 of urea and 300 kg ha-1 of NPK (15:15:15), and 
later at 30 days after planting with 200 kg ha-1 of urea.  

The observed parameters included plant height, cob height, cob length, cob diameter, 
row count, tassel length, pollen weight, and the identification of male sterility through 
the staining of pollen grains using Potassium Iodide Iodine (I2KI), which was examined 
under a microscope at a magnification of 100 X. The observation technique adhered to 
the technical guidelines for maize adaptation experiment observation (CIMMYT, 1994) 

2.2 Data Analysis 

The data analysis was conducted using the STAR 2.0.1 application (IRRI, 2014). The 
data underwent several stages of analysis. Initially, the data were subjected to variance 
analysis using the analysis of variance (ANOVA) method, with a standard error of 5%. 
The results of this analysis were then used as the basis for determining the heritability 
values for each character. Subsequently, post hoc analysis least significant differences 
(LSD) tests were performed at a 5% significance level. 

3. Results and Discussion 

The analysis of variance results revealed significant differences in all observed 
parameter characteristics (Table 1). This indicates that each genotype exhibits distinct 
growth patterns and displays notable variations in various observed traits. Genotypic 
diversity with a significant influence of 1% (**) was evident in plant height, cob height, 
stem diameter, leaf length, cob length, row count, seeds per row, tassel length, and 
pollen weight. Meanwhile, cob diameter exhibited a significant influence of 5% (*).  

The utilization of these genotypes in plant breeding programs can broaden the 
available germplasm diversity (Ali et al., 2023). The coefficient of variance (CV) for the 
observed traits ranged from 1.04% to 8.81%, signifying that it can offer a robust insight 
into predicting plant populations. The variability within each population caused by 
genotype and phenotype shows the share that is inherited in character-based 
phenotypic expression (Alam et al., 2022). 
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Table 1. Analysis of variance and morphological parameters of observed characters 
Characters MS genotype MS error CV (%) 
Plant Height 436.34 **  29.46 2.55 
Cob Height 277.76 **  16.30 3.70 
Cob Length     3.88 **    0.58 3.75 
Cob Diameter   18.17 *    7.12 5.76 
Row Count     2.05 **    0.54 4.91 
Tassel Length   20.19 **    0.60 1.93 
Pollen Weight     3.95 **    0.03 8.81 
Remark: **significant effect on 1%, *significant effect on 5%, MS: mean square, CV: coefficient of 

variance 

The heritability values range from 0.34 (CD) to 0.98 (PW), indicating variations across 
all traits (Table 2). Almost all traits exhibit high heritability values, except for stem 
diameter (CD) and row count (RC), with values of 0.34 and 0.48, respectively. 
Meanwhile, traits demonstrating high heritability values are represented by Pollen 
Weight (PW) with a value of 0.98, followed by Tassel Length (TL) with a value of 0.92. 
Plant breeding programs can be based on the diversity of heritability values, which 
assist breeders in making selection decisions (Bartaula et al., 2019; Maulana et al., 2023). 
This implies that traits with high heritability values have a better chance of being 
inherited by the next generation. Heritability measures the extent to which a trait can 
be passed on to subsequent generations (Demeke et al., 2022). 
Table 2. Estimates of genetic variance, phenotypic variance, environmental variance, and 
heritability  

Characters Genetic 
variance 

Phenotypic 
variance 

Environmental 
variance Heritability 

PH 135.63 165.08 29.46 0.82 (H) 
CH 87.15 103.45 16.30 0.84 (H) 
CL 1.10 1.68 0.58 0.66 (H) 
CD 3.68 10.81 7.12 0.34 (M) 
RC 0.50 1.04 0.54 0.48 (M) 
TL 6.53 7.13 0.60 0.92 (H) 
PW 1.31 1.34 0.03 0.98 (H) 
Remark: PH: plant height, CH: cob height, CL: cob length, CD: cob diameter, RC: row count, TL: 

tassel length, PW: pollen weight, H: high, M: moderate. 

The success of improving a particular trait through selection depends on the 
congruence between phenotype and genotype. Hence, the estimation of heritability 
values is considered highly valuable in comprehending the patterns of trait inheritance 
(Thakur et al., 2023). Several researchers have extensively documented heritability 
analysis in the selection process. As reported by Anshori et al. (2022) in the selection of 
salt-tolerant rice plants and Fadhli et al. (2023) in the selection of hybrid maize plants.  

Based on the characterization of quantitative traits, there is one hybrid from each 
genotype that shows an indication as a male-sterile inducer (Table 3). JHD14 
demonstrates a clear indication as a male-sterile inducer when compared to the other 
observed genotypes, as it exhibits a value of 0.00g for the pollen weight trait. JHD14 
also displays high yield potential, with values of 21.30cm for cob length, 41.81mm for 
cob diameter, and 14.87 rows for row count. Therefore, it can be recommended as a 
candidate male-sterile inducer genotype. Genotype response to its environment also 
significantly determines the superiority of a hybrid in testing (Jackson et al., 2022). 
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Table 3. Characteristics of quantitative traits in 17 candidate male-sterile genotypes 
Genotype PH (cm) CH (cm) CL (cm) CD(mm) RC (row) TL (cm) PW(g) 
JHD01 218.87 bcd 117.53  c 19.77  efg 46.08  abcd 14.07   cde 42.84 ab 2.69   b 

JHD02 219.37 bc 117.90  c 22.45  a 40.46  e 14.87   abcd 43.79 a 1.24   fg 

JHD03 191.47 g 95.53  hi 19.23  fg 47.08  abc 15.07   abcd 41.01 cd 2.59   bcd 

JHD04 226.83 ab 119.23   bc 20.53  bcde 47.09  abc 15.33   ab 40.91 cd 5.47   a 

JHD05 204.57 ef 99.53  ghi 20.29  cdef 44.64  cde 13.93     de 41.28 cd 2.10   cde 

JHD06 232.80 a 125.40  ab 21.50  abc 45.85  abcd 13.40   e 40.20 de 2.69   bc 

JHD07 209.63 e 109.57  de 19.85  efg 49.82  a 15.93   a 41.04 cd 2.00   de 

JHD08 211.83 cde 109.67  de 20.32  cdef 48.44  abc 13.60   e 36.52 hi 1.77   ef 

JHD09 209.80 e 101.27  fghi 19.74  efg 47.45  abc 15.60   a 37.42 gh 1.75   ef 

JHD10 207.63 e 105.37  efg 19.90  efg 47.93  abc 15.27   abc 38.24 fg 2.42   bcd 

JHD11 234.57 a 126.67  a 21.78  ab 45.29  bcd 14.27   bcde 43.48 a 2.65   bc 

JHD12 204.03 ef 105.67  efg 18.88  gh 46.93  abc 15.73   a 39.00 ef 1.38   fg 

JHD13 196.23 fg 101.83  fgh 17.67  h 49.40  ab 16.07   a 36.28 hi 1.26   fg 

JHD14 210.03 de 113.40  cd 21.30  abcd 41.81  de 14.87   abcd 42.70 ab 0.00   h 

JHD15 208.43 e 107.13  def 20.14  defg 45.66  abcd 15.20   abc 41.57 bc 0.96   g 

P36 227.20 ab 94.63  i 20.88  bcde 44.83  cde 15.40   ab 41.30 cd 1.54   efg 

BISI-18 208.07 e 106.20  efg 20.12  defg 48.26  abc 15.73   a 35.43 i 1.52    efg 

Remark: Values followed by the same letters in one column indicate no significant difference at 
the 5% LSD level. PH: plant height, CH: cob height, CL: cob length, CD: cob diameter, 
RC: row count, TL: tassel length, PW: pollen weight.  

 
Figure 1.  Visual and microscopic appearance of pollen grains. A: visual appearance of fertile pollen 

grains, B: visual appearance of sterile pollen grains, C: microscopic appearance of fertile pollen grains, D: 
microscopic appearance of sterile pollen grains. 

From the above image (Figure 1), it is evident that there exists a non-functional male 
reproductive organ in the plant. This signifies a form of male sterility and is widely 
employed in plant breeding programs for hybrid variety development. This trait is 
typically caused by mutations in the mitochondrial genome, resulting in the 
production of aberrant proteins. Male sterility can be utilized to produce high genetic 
purity in hybrid plant varieties (Yoosefzadeh et al., 2023). 

Male sterility in plants is defined as the failure of pollen to develop due to the 
incapacity to produce or release functional pollen. Morphological structure and 
flowering have a significant impact on seed yield and seed purity (Wang et al., 2022). 
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The utilization of male sterility allows plant breeders to develop hybrids with higher 
commercial potential (Dadlani, 2023). The utilization of male sterility has been 
extensively reported in plant breeding, as observed in studies such as Cheng et al. 
(2023) on cotton plants and Xiao et al. (2023) on maize plants. 

4. Conclusion  

Based on the research findings, it is evident that there is significant genetic diversity 
among the quantitative traits of the seventeen observed candidate male-sterile 
genotypes. In quantitative traits, JHD14 exhibits indications of being a male-sterile 
inducer when compared to the other observed genotypes, as it registers a value of 0.00 
g for the pollen weight trait. This is further confirmed by the microscopic analysis of 
JHD14's pollen grains, which show a sterility rate of 100%. 
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