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Abstract. Atmojo ED, Asyari SND, Arifin AG, Sugiharto AN. 2025. In-situ screening of high-yielding maize (Zea mays) for climate 

resilience in the semi-arid tropics of East Nusa Tenggara, Indonesia. Biodiversitas 26: 6427-6436. Developing climate-resilient maize 

(Zea mays) is crucial for ensuring food security in Indonesia's semi-arid regions, particularly in East Nusa Tenggara, where recurring 

droughts severely impact maize productivity. Maize farming in these areas faces extreme environmental challenges, highlighting the 

need for varieties capable of thriving under water-limited conditions. This study evaluated the performance of ten top-cross maize 

hybrids (UB 21-UB 30), derived from elite S3 inbred lines, under semi-arid conditions, comparing them to two commercially available 

varieties as controls. Genetic parameters were calculated from variance components, phenotypic variation was assessed using analysis of 

variance, and superior hybrids were identified through hierarchical clustering and Genotype × Trait (GT) analysis. The studied traits 

showed medium to high heritability, with low to moderate genotypic and phenotypic coefficients of variation. UB 25 emerged as the top 

performer, with a potential yield of 6.39 t ha⁻¹, surpassing the best commercial variety. This hybrid also demonstrated significant 

drought resilience, characterized by a shorter anthesis-silking interval and fewer unfilled tips, both of which are essential for maintaining 

yield stability under drought stress. Additionally, UB 28 was identified as another promising hybrid, exhibiting high yield potential and 

favorable stress-adaptive traits. These results underscore the importance of in-situ screening to identify maize varieties tailored to the 

specific challenges of semi-arid environments. The hybrids identified in this study provide a strong foundation for developing drought-

resilient maize in Indonesia's semi-arid tropics. 
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INTRODUCTION 

Maize (Zea mays L.) is a crucial crop in Indonesia and 

plays a significant role in food security, livestock feed, and 

local economies, particularly in East Nusa Tenggara. In this 

region, maize provides essential calories for local populations 

and serves as a primary feed source for livestock farming. It 

also yields various traditional maize-based products that are 

deeply ingrained in the culture and traditions of the East 

Nusa Tenggara people. There are 16 distinct traditional 

maize-based products are produced locally, each with its 

unique name (Naisali et al. 2023). These products are not 

only consumed daily but also hold cultural significance 

during ceremonies and community events, underlining 

maize’s importance as a staple food in East Nusa Tenggara. 

However, maize productivity in the region in 2024 was 

notably lower than the national average, at just 2.69 tons 

ha⁻¹ (BPS 2025). 

East Nusa Tenggara is a climatically marginal area that 

has a semi-arid tropical climate, while a suite of abiotic 

stresses limits agricultural production. The province is 

characterized by recurrent droughts, often coinciding with 

the critical growth stages of maize (Kuswanto et al. 2021). 

The physiological effects of drought stress on maize are 

complex, as they impact the maize plant at all stages of its 

life cycle. Specifically, drought stress during the vegetative 

phase can inhibit cell division, restrict photosynthesis, and 

diminish chlorophyll synthesis (Deribe 2024). However, 

drought stress encountered during the reproductive stage 

typically imposes the most severe reductions in grain yields 

(Pongtip et al. 2023). The consequences of this stress are 

far-reaching, affecting both the livelihoods of farmers and 

regional food security.  

As climate change intensifies these challenges, the need 

for climate-resilient crops in East Nusa Tenggara is 

increasingly urgent. However, the majority of maize varieties 

currently grown in the region are poorly adapted to its 

semi-arid conditions. This highlights the need for breeding 

programs tailored to local environmental constraints. 

Several methods, such as controlled-environment and in-

situ screenings, are commonly used to evaluate maize 

genotypes. One promising approach is in-situ screening, a 

method that evaluates maize genotypes directly under 

natural field stress, rather than in controlled or simulated 

environments. This approach facilitates the identification of 

genotypes that are truly resilient and productive under the 

region's climatic conditions. In-situ screening has been 

successfully applied in sub-Saharan Africa and parts of 

Asia, where it has led to the development of high-yielding, 

climate-resilient maize hybrids (Meseka et al. 2018). A 

similar study demonstrated the success of in-situ screening 
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for identifying climate-resilient maize genotypes in the dry 

region of Punjab, Pakistan (Ahmad et al. 2024). 

Despite its proven benefits, in-situ screening remains 

underutilized in Indonesia’s semi-arid regions, particularly 

in East Nusa Tenggara. Aji and Sugiharto (2024) initiated 

early in-situ screening of S2 inbred lines through top-cross 

progeny evaluation, offering preliminary insights into local 

adaptation in the semi-arid tropics of East Nusa Tenggara. 

However, for enhanced genetic stability and selection 

accuracy in maize, in-situ evaluations should be extended to 

later generations of inbred lines. The S3 generation, with its 

higher homozygosity, allows for more reliable assessments of 

genetic potential and environmental interaction. By screening 

each generation under real field conditions, it is possible to 

select genotypes that consistently exhibit adaptability to 

local climatic stress across breeding cycles, avoiding the risk 

of selecting genotypes that perform well in one generation 

but regress in subsequent cycles. This study aimed to fill 

this gap by conducting in-situ evaluations of ten top-cross 

maize hybrids derived from elite S3 inbred lines, under 

semi-arid conditions in East Nusa Tenggara. The findings 

from this study are expected to significantly contribute to 

the development of locally adapted, climate-resilient maize 

hybrids and reinforce the importance of in-situ screening as 

a core strategy in breeding programs aimed at improving 

maize performance in drought-prone areas. 

MATERIALS AND METHODS 

Study area 

The research was conducted from July to December 

2024 at the experimental field of Universitas Brawijaya, 

located in Oesao Village, Kupang District, East Nusa 

Tenggara, Indonesia (Figure 1). This site was selected for 

its strategic relevance in evaluating maize genotypes under 

natural semi-arid conditions. The area experiences low 

annual rainfall (<1,000 mm), typical of the drought-prone 

environment of East Nusa Tenggara (Suriadi et al. 2021). 

Additionally, daily temperatures ranged from 27.20 to 

37.10°C (Putri and Sofro 2025). The soil, classified as 

sandy clay, is characterized by low water retention, further 

intensifying the stress conditions for maize cultivation. 

Genetic materials 

A total of 12 maize genotypes were evaluated, including 

ten top-cross hybrids and two commercial comparison 

varieties. The 10 top-cross hybrids (UB 21, UB 22, UB 23, 

UB 24, UB 25, UB 26, UB 27, UB 28, UB 29, and UB 30) 

were developed from crosses between S3 inbred lines and a 

non-inbred tester. All inbred lines utilized as top-cross 

parents originated from the CV. Blue Akari line collection, 

having been selected in a prior S2 cycle as part of a 

selection program focused on general combining ability 

under the semi-arid conditions prevalent in East Nusa 

Tenggara. Two commercial maize varieties (AR 21 and NS 

01) were included as checks to compare the yield and 

climate-resilience performance of the top-cross hybrids. 

These varieties were selected because they are the most 

commonly grown hybrids by farmers in East Nusa Tenggara. 

Procedures 

The experiment was conducted using a Randomized 

Complete Block Design (RCBD) with three replications, 

resulting in 36 experimental plots. All genotypes were 

randomly assigned to each replication to minimize field 

variability (error). Each plot covered an area of 15 m² and 

was planted with a spacing of 100 × 15 cm. Standard local 

agronomic practices, including fertilization (60 kg N ha⁻¹, 
45 kg P₂O₅ ha⁻¹, and 45 kg K₂O ha⁻¹), weed management, 

and pest control, were uniformly applied across all plots. 

Weed management was performed manually, while pest 

control was implemented using insecticides to manage 

Spodoptera frugiperda, and fungicides were applied to 

control rust disease. 

 

 

 
 

Figure 1. Location of experimental field in Oesao Village, East Kupang Sub-district, Kupang District, East Nusa Tenggara, Indonesia 

(coordinate point: 10°06'38.0"S 123°48'44.9"E) 
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Drought stress was induced through natural rainfall 

variation during the maize growing season, with irrigation 

only provided before planting. Phenotypic data were collected 

from 20 representative plants, selected using restricted 

random sampling from non-border rows and columns to 

minimize edge effects. Nine quantitative traits were 

measured: anthesis-silking interval (days), unfilled tips 

(cm), ear length (cm), ear diameter (mm), number of kernel 

rows (rows), 1,000-kernel weight (g), dehusked ear weight 

(g), kernel percentage (%), and potential yield (t ha⁻¹). All 

ear-related traits were assessed at physiological maturity 

and adjusted to a standard grain moisture content of 11%. 

Meanwhile, anthesis-silking interval is calculated as the 

date when 50% of plants are silking minus the date when 

50% of plants begin tasseling. These traits provided direct, 

quantitative evaluations of F1 top-cross hybrid performance 

under the semi-arid conditions of East Nusa Tenggara. 

Trait measurements adhered to the official guidelines for 

testing distinctness, uniqueness, uniformity, and stability in 

maize No. PVT/PPU/17/4 2014, as established by the 

Ministry of Agriculture of the Republic of Indonesia. 

Data analysis 

Analysis of Variance (ANOVA) was performed under 

the RCBD model after testing the assumptions of normality 

(Shapiro-Wilk test) and homogeneity of variances (Levene’s 

test). Mean separation was conducted using the Scott-Knott 

test (α = 0.05), which allows for clearer genotype grouping 

(Scott and Knott 1974), making it easier to identify 

variations in genotype performance under drought stress 

based on non-overlapping groups. Analysis of Variance, 

Shapiro-Wilk test, Levene’s test, and Scott-Knott test were 

performed using RStudio version 2023.09.1+394. 

Phenotypic and genotypic coefficients of variation 

(PCV and GCV), along with broad-sense heritability (H), 

were estimated from variance components to assess 

selection potential. PCV and GCV values were categorized 

as low (<10%), moderate (10-20%), or high (>20%), as 

defined by Sivasubramanian and Madhavamenon (1973). 

Heritability was classified as low (<0.30), moderate (0.30-

0.60), or high (>0.60), as defined by Johnson et al. (1955). 

Estimation for PCV, GCV, and H was performed using 

Microsoft Excel 2021. 

Hierarchical Cluster Analysis (HCA) was performed 

using Pearson’s distance, with a heatmap generated to 

visualize patterns of similarity or dissimilarity among the 

objects. Genotype × Trait (GT) analysis was applied for 

comprehensive multi-trait evaluation. For traits with desirable 

smaller values (anthesis-silking interval and unfilled tip), 

the data were transformed using the inverse function (1/x) 

(Osborne 2002), where x represents the observed data. This 

transformation ensured that higher scores in the biplot 

consistently indicated superior performance. All data in the 

GT biplot were standardized as z-scores to place traits on a 

comparable scale and prevent variables with larger 

numerical ranges from disproportionately influencing the 

results. HCA and GT biplot were performed using RStudio 

version 2023.09.1+394. 

RESULTS AND DISCUSSION 

Variation in phenotypic performance 

Significant variation was observed in the nine 

phenotypic traits across the ten top-cross hybrids and two 

commercial checks, as indicated by the Analysis of 

Variance. The Scott-Knott test successfully grouped the 

genotypes, revealing distinct performance levels under the 

semi-arid conditions of East Nusa Tenggara (Table 1). 

A short anthesis-silking interval is a key indicator of 

reproductive success under drought stress. Hybrids UB 21 

and UB 28 displayed synchronized flowering and high 

yield performance under drought conditions. Despite the 

small difference of 1-2 days, a shorter anthesis-silking 

interval improves pollination and kernel set under stress, 

reinforcing its role as a drought resilience trait. The results 

show that even minor reductions in this interval can 

enhance assimilate flow and increase kernel development 

when water is limited. Drought stress around flowering 

disrupts the source-sink process, impeding silk growth and 

assimilate delivery to developing ovaries, which explains 

why even slight reductions in the anthesis-silking interval 

result in significant improvements in kernel set (Li et al. 

2023). Our study consistently highlights the association 

between a shorter anthesis-silking interval and higher 

kernel set under water deficit, making it an essential trait 

for selection in drought breeding (Li et al. 2018). 

Unfilled tips provide additional insights into drought 

adaptation. Hybrids UB 25 and UB 28 consistently showed 

fewer unfilled tips while maintaining high yields under 

drought stress. Unfilled tips, which are linked to ovary 

abortion during drought, indicate improved reproductive 

partitioning in these genotypes, enhancing yield stability 

under environmental stress. Drought stress during 

flowering and early grain filling accelerates ovary abortion 

at the apical part of the ear, reducing kernel number and 

yield potential (Wang et al. 2025). The timing and intensity 

of stress during the reproductive stage are key factors in 

determining the extent of unfilled tips. Genotypes with 

fewer unfilled tips not only maintain kernel set under 

stress, but also exhibit better assimilate partitioning to 

reproductive organs, which is crucial for stabilizing yield 

under drought (Song et al. 2023). This trait contributes to 

higher yield potential and improves productivity, benefiting 

farmers’ income. 

Hybrids UB 25 and UB 28 also demonstrated superior 

yield traits, such as ear length, dehusked ear weight, and 

potential yield, likely due to their stable physiological 

responses under stress. These include better stomatal control, 

photosynthetic maintenance, and improved water-use 

efficiency, which support sustained growth and yield in 

water-limited conditions. Cai et al. (2020) highlighted the 

importance of maintaining chlorophyll fluorescence and 

stomatal conductance to support yield under drought in 

maize. However, the 1,000-kernel weight in UB 25 and 

kernel percentage in UB 28 were lower than expected, 

potentially due to limited sink strength or impaired 

assimilate partitioning during grain filling. Drought stress 

alters the kernel proteome and reduces starch accumulation, 

limiting final grain weight (Guo et al. 2021). These findings 
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underscore the need for enhanced source-sink dynamics 

and grain-filling efficiency in future breeding efforts. 

Extending grain-filling duration and optimizing assimilate 

supply could significantly enhance kernel weight (Pico and 

Vyn 2021). 

Traits such as the number of kernel rows and ear 

diameter in all tested hybrids were generally lower than 

those in the commercial variety NS 01. These traits showed 

limited performance under drought and should be 

prioritized in future breeding programs. Both traits directly 

affect sink capacity, and enhancing them could significantly 

increase productivity in water-limited environments. 

Drought stress reduces photosynthetic rates, weakening 

source strength, and lowers phloem cell turgor, which 

increases sucrose viscosity and impairs flow to sink tissues 

(Sevanto 2014). Yao et al. (2024) also demonstrated that 

drought stress impairs sugar translocation within the maize 

ear, further limiting grain weight, especially in apical and 

basal kernels. Additionally, ear architectural traits, such as 

the number of kernel rows and kernel number per row, 

influence drought response, with variations in ear shape 

affecting resilience under water deficit (Chen et al. 2022).  

Genetic parameters and potential for selection 

Genetic parameters are crucial for assessing genetic 

variation and guiding selection decisions in plant breeding 

programs. This study estimated key parameters, including 

the Phenotypic Coefficient of Variation (PCV), Genetic 

Coefficient of Variation (GCV), and Heritability (H). The 

PCV reflects total variation in a trait, encompassing both 

genetic and environmental factors, while the GCV focuses 

solely on genetic variation (Tareque et al. 2025). 

Heritability indicates the proportion of phenotypic variation 

attributed to genetic factors (Limbongan et al. 2024). A 

summary of the estimated GCV and PCV values for the 

studied traits is provided in Table 2. 

A key component of any successful breeding program 

is the presence of usable genetic variation within the 

germplasm pool. In this study, most traits exhibited a low 

Genetic Coefficient of Variation (GCV), indicating limited 

genetic variability available for improvement. As expected, 

the Phenotypic Coefficient of Variation (PCV) values 

generally exceeded the GCV values, highlighting the 

environmental influence on trait expression and suggesting 

that phenotypic observations may obscure underlying genetic 

signals (Magar et al. 2021). This low genetic variability 

indicates that conventional selection methods may not lead 

to substantial genetic progress (Lal et al. 2020). However, 

the presence of high-performing genotypes under drought 

stress provides an opportunity for targeted improvement. 

Breeders can still achieve progress by focusing on traits 

that play key roles in stress adaptation and exhibit 

favorable selection efficiency. Specifically, secondary traits 

with moderate GCV and strong correlations to yield can be 

useful as indirect selection criteria in drought-prone 

environments, as shown in previous maize studies under 

stress (Magar et al. 2021). 
 

 

 

Table 1. Comparison of genotypic and phenotypic coefficient of 

variation 

 

Character GCV (%) Category PCV (%) Category 

Anthesis-silking 

interval  

15.69 Low 20.79 Low 

Unfilled tips 40.57 High 46.85 High 

Ear length 5.29 Low 6.31 Low 

Ear diameter 4.81 Low 5.70 Low 

Number of kernel 

rows 

7.36 Low 8.23 Low 

1,000-kernel weight 4.96 Low 6.18 Low 

Dehusked ear wight 8.80 Low 10.17 Moderate 

Kernel percentage 2.44 Low 2.66 Low 

Potential yield 12.06 Moderate 14.56 Moderate 

Note: GCV: Genotypic Coefficient of Variation, PCV: Phenotypic 

Coefficient of Variation. Low: GCV or PCV<10%, Moderately 

Low: 10%≤GCV or PCV≤20%, High: GCV or PCV>20% 

 

 

 

 

Table 2. Comparison of mean quantitative traits in 12 genotypes 

 

Genotype ASI UT NR EL ED KW EW KP PK 

UB 21 3.00 b 0.35 a 14.53 b 15.43 b 42.08 d 245.83 b 162.98 b 87.37 b 5.24 a 

UB 22 3.00 b 0.18 b 13.20 d 15.93 b 43.77 c 266.60 a 166.10 b 89.93 a 5.72 a 

UB 23 3.00 b 0.23 b 14.67 b 15.49 b 45.08 c 266.86 a 168.88 b 86.36 b 5.79 a 

UB 24 2.67 b 0.18 b 14.10 c 16.68 a 46.56 b 276.31 a 178.99 a 86.57 b 5.91 a 

UB 25 2.00 b 0.14 b 15.27 b 17.51 a 45.25 c 241.63 b 183.57 a 87.87 b 6.39 a 

UB 26 3.00 b 0.22 b 14.13 c 17.49 a 43.08 d 242.73 b 166.24 b 89.81 a 5.67 a 

UB 27 2.67 b 0.17 b 13.53 c 16.11 b 44.71 c 262.82 a 162.68 b 86.79 b 5.31 a 

UB 28 2.67 b 0.16 b 15.20 b 17.65 a 45.04 c 252.96 b 188.76 a 82.69 d 6.11 a 

UB 29 3.67 a 0.41 a 13.03 d 15.31 b 43.59 c 288.47 a 151.15 c 85.23 c 4.45 c 

UB 30 3.33 a 0.42 a 12.80 d 15.24 b 40.96 d 270.94 a 137.20 c 84.52 c 4.01 c 

AR 21 4.00 a 0.37 a 12.80 d 15.81 b 44.18 c 268.31 a 147.17 c 84.39 c 5.03 b 

NS 01 2.67 b 0.42 a 16.13 a 15.52 b 49.97 a 264.93 a 179.53 a 85.07 c 6.13 a 

Note: ASI: Anthesis-Silking Interval (day), UT: Unfilled Tips (cm), NR: Number of kernel Rows, EL: Ear Length (cm), ED: Ear 

Diameter (mm), KW: 1,000-Kernel Weight (g), EW: Dehusked Ear Weight (g), KP: Kernel Percentage (%), PK: Potential yield (t ha-1). 

Values followed by the same letter in the same column are not significantly different based on the Scott-Knott test at a 5% significance 

level 
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A notable trait is unfilled tips, which exhibited a high 
GCV. This trait is directly linked to kernel number per ear, 

making it highly relevant for yield potential under stress. In 

breeding programs, unfilled tips can serve as a surrogate 
indicator of hybrid performance in early selection stages. Their 

variability across genotypes provides a basis for identifying 
lines with improved stress resilience. Integrating unfilled tips 

into multi-trait selection indices can enhance drought-tolerant 

breeding programs (Shahzad et al. 2023). This approach is 
supported by Badu-Apraku et al. (2018), who emphasized 

the importance of selecting traits with sufficient genetic 

variability for drought adaptation. Similarly, Gazal et al. 
(2017) highlighted the value of traits with higher variability in 

assessing genotype adaptability under drought conditions. 
In contrast, ear diameter and number of kernel rows 

exhibited low GCV and PCV values, and the average 

performance of all tested genotypes was below that of the NS 
01 check variety. These results suggest limited potential for 

significant genetic progress through selection on these 
traits. The low variability may indicate a genetic bottleneck or 

selection plateau, particularly in traits that are structurally 

conserved. Inbreeding depression, which increases homozygosity 
and exposes deleterious alleles that were previously hidden 

in the heterozygous state, could be contributing to this low 

variability (Achrem et al. 2023). This issue is especially 
pronounced in traits controlled by multiple genes. To 

address this, the selection program for the next population 
should incorporate the inbreds from the current program as 

testers in a recurrent selection scheme focused on specific 

combining ability. This strategy will help identify favorable 
non-additive genetic interactions and expand the genetic 

base, particularly for traits with limited variation. 
Heritability estimates provide insight into the effectiveness 

of selection for each trait (Table 3). Encouragingly, most 

yield-associated traits showed relatively high heritability. 
This suggests that observed genotype differences for these 

traits are primarily genetic and can be reliably passed on to 

the next generation, which is advantageous for breeders. 
Notably, traits such as ear length, dehusked ear weight, and 

kernel percentage exhibited high mean values and 
heritability, making them valuable for early selection in the 

breeding cycle. Other traits, including ear diameter, number 

of kernel rows, 1,000-kernel weight, and potential yield, 
also demonstrated promising heritability, increasing 

confidence in phenotype-based selection. Dawaki et al. 
(2023) reported that targeting highly heritable yield 

components accelerates genetic gains, particularly in stress-

prone environments. The heritability values observed in 
this study align with or exceed those found in maize 

drought stress studies in Africa (Badu-Apraku et al. 2018). 
The medium heritability of the anthesis-silking interval 

points to the potential genetic cost of selecting for this trait. 

While anthesis-silking interval is a useful indicator of 
drought tolerance, its lower heritability suggests a stronger 

environmental influence, requiring careful management to 

avoid trade-offs with other high-yielding traits. This result 
supports the use of anthesis-silking interval primarily as a 

supplementary criterion rather than a main selection target. 
Mechanistically, drought stress around flowering can alter 

silk growth and pollination dynamics, leading to a 

prolonged anthesis-silking interval and limited kernel set, 

which may explain why its heritability is lower than that of 
some sink traits (Liu et al. 2021). While anthesis-silking 

interval remains important for drought tolerance, breeding 

programs should prioritize traits with higher heritability to 
ensure consistent genetic gains without compromising 

other agronomic traits. Combining anthesis-silking interval 
with yield-related traits can also improve selection 

reliability under stress, as demonstrated in multi-trait 

models in tropical maize breeding (Azrai et al. 2025). 
A key finding in this study was the unfilled tips trait, 

which is strongly linked to genotype performance under 

drought stress. Unlike anthesis-silking interval, which can 
be influenced by environmental fluctuations, unfilled tips 

exhibited both agronomic relevance and higher heritability, 
making it a more reliable trait for phenotypic selection. 

Unfilled tips show greater consistency across drought-prone 

environments, enabling breeders to distinguish genotypes 
more effectively. Recent studies support the use of unfilled 

tip-related traits as robust indicators in drought breeding 
programs. For example, Cagnola et al. (2018) highlighted 

that unfilled tips are one of the most responsive traits under 

water stress, allowing for effective genotype screening in 
early selection cycles. Similarly, Yue et al. (2018) 

demonstrated that unfilled tips and related ear traits could 

serve as reliable criteria for improving yield stability in 
moisture-limited conditions. These findings underscore the 

value of unfilled tips as a primary selection trait for drought 
tolerance, especially when combined with other moderately 

heritable traits. 

Identification of superior hybrids under semi-arid 

conditions 

Hierarchical clustering analysis proved effective in 
identifying performance patterns among the maize genotypes 

by grouping them based on similarities in trait expression. 

The accompanying heatmap enhanced interpretation, where 
darker shades indicated higher trait values within genotype 

groups. The analysis grouped the twelve genotypes into 

two major performance clusters (Figure 2), allowing for 
clear differentiation between superior and lower-performing 

entries under drought stress. Notably, genotypes within the 
high-performance cluster generally exhibited favorable 

values for key yield-related and adaptability traits. This 

clustering provides useful framework for selecting promising 
genotypes in early-stage drought tolerance breeding programs. 
 

 

Table 3. Comparison of heritability 

 

Character σ2
g σ2

P H Category 

Anthesis-silking interval 0.217 0.381 0.57 Medium 

Unfilled tips 0.012 0.016 0.75 High 

Ear length 0.733 1.043 0.70 High 

Ear diameter 4.580 6.440 0.71 High 

Number of kernel rows 1.080 1.350 0.80 High 

1,000-kernel weight 169.563 262.683 0.65 High 

Dehusked ear weight 213.417 285.457 0.75 High  

Kernel percentage 4.437 5.277 0.84 High 

Potential yield 0.437 0.637 0.69 High 

Note: σ2
g: Genotypic variance, σ2

p: Phenotypic variance, H: 

heritability (%). Low: Heritability<0.30, Medium: 

0.30≤Heritability≤0.60, High: Heritability>0.60 
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Figure 2. Hierarchical Clustering Analysis (HCA) of maize genotypes and observed traits. Note: ASI: Anthesis-Silking Interval, UT: 

Unfilled Tips, NR: Number of kernel Rows, EL: Ear Length, ED: Ear Diameter, KW: 1,000-Kernel Weight, EW: Dehusked Ear Weight, 

KP: Kernel Percentage, PK: Potential yield. Darker colors represent a higher mean value of a trait in the genotype group 

 

 

Cluster 1, which included UB 23, UB 24, UB 25, UB 

27, UB 28, and the elite check NS 01, emerged as the top-

performing group. These genotypes displayed favorable 

trait combinations for drought-prone environments, such as 

consistently shorter anthesis-silking intervals, fewer unfilled 

tips, and higher values for key yield traits, including ear 

length, ear diameter, kernel row number, and dehusked ear 

weight. These traits demonstrate the genotypes’ ability to 

maintain productivity under water stress, making them 

well-suited for semi-arid regions like East Nusa Tenggara. 

According to Musvosvi et al. (2018), optimizing these traits 

together contributes to yield stability under moisture-

deficient conditions. In contrast, Cluster 2, which included 

the remaining hybrids, including AR 21, exhibited poorer 

trait expression, making these genotypes less suitable for 

advancement. Selecting genotypes from Cluster 1 holds 

potential for not only improving yield under drought 

conditions, but also for reducing input costs, such as water 

use, thus increasing crop stability in marginal environments. 

Trait-based clustering divided the traits into two 

distinct groups. Cluster 1 included traits directly related to 

grain yield, such as kernel percentage, potential yield, ear 

length, and dehusked ear weight, emphasizing their 

interconnected role in driving productivity. Cluster 2, on 

the other hand, grouped traits like unfilled tips, anthesis-

silking interval, and 1,000-kernel weight, which could limit 

yield potential under drought stress. This pattern suggests 

that traits in Cluster 1 are more reliable selection targets, 

while those in Cluster 2 may indicate underlying 

vulnerabilities to stress. According to Ortez et al. (2022), 

kernel development under stress is constrained by 

physiological factors and weak sink strength, where traits 

such as unfilled tips and extended anthesis-silking interval 

highlight reproductive inefficiencies. Genotypes like UB 

25 and UB 28, which consistently perform well for Cluster 

1 traits, can be prioritized in breeding programs targeting 

both yield potential and stress resilience. 

The heatmap analysis further confirms the superior 

performance of UB 25, with darker shades indicating 

higher yield traits and lighter shades for drought-related 

traits, such as unfilled tips and anthesis-silking interval. Its 

phenotypic profile closely mirrors that of UB 28. In 

hierarchical cluster analysis, the closer the phenotypic 

performance between genotypes, the smaller the distance 

between them (López-Cortés et al. 2020). This consistency 

across multiple selection indices confirms that both UB 25 

and UB 28 combine strong yield potential with desirable 

drought-response characteristics. Drought-tolerant genotypes, 

such as UB 25 and UB 28, typically exhibit lower lipid 

peroxidation, maintaining cell membrane integrity, and 

accumulate higher levels of osmolytes to help maintain 

cellular turgor and water balance under drought stress 

(Gelaw and Sanan-Mishra 2024). Their shared clustering 

and balanced trait profiles suggest they are promising 

candidates for developing high-performing, drought-

resilient hybrids suited to semi-arid environments like East 

Nusa Tenggara.  

Genotype × Trait (GT) analysis further clarifies the 

relationship between genotypes and key yield and drought-

resilience traits, helping identify elite genotypes adaptable 

across multiple traits (Figures 3 and 4). The correlation 

value of anthesis-silking interval and unfilled tips on yield 

characters means that the higher the inverse yield value 

(the smaller actual value of anthesis-silking interval and 

unfilled tips) positively impacts maize yields. This suggests 

that reducing either of these traits may simultaneously 

enhance yield performance. The GT biplot also revealed 

positive correlations among key yield traits, such as ear 

length, ear diameter, number of kernel rows, dehusked ear 

weight, and potential yield (Figure 3.A), implying that 
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improving one of these traits could simultaneously enhance 

others. These findings align with Dolatabad et al. (2010), 

which reported positive correlations between grain yield 

and ear-related traits, such as kernel rows, ear weight, and 

kernel depth. Additionally, these results emphasize the 

importance of multi-trait selection strategies in improving 

overall maize performance under stress conditions. 

The "which-won-where" polygon effectively highlights 

the genotypes that excel in specific trait sectors, allowing 

for targeted selection based on performance in particular 

trait groups. The "which-won-where" view (Figure 3.B) 

identifies the strengths of the vertex genotypes: UB 25 

excelled in yield-related traits (ear length, ear weight, and 

kernel number) and stress-adaptation traits (unfilled tips 

and anthesis-silking interval); NS 01 was superior in ear 

structure, particularly ear diameter and kernel row number; 

UB 26 performed best for kernel percentage; and UB 29 

showed the highest 1,000-kernel weight. This visualization 

method has been shown to effectively identify superior 

genotypes for specific traits, as demonstrated in recent GT 

biplot studies where hybrids were selected based on their 

strong performance in yield-related traits (Singamsetti et al. 

2024). Based on these results, UB 25 stands out for its 

overall superiority across most traits. However, UB 25's ear 

diameter and kernel row number are not as strong as UB 

28’s, and both genotypes require improvement in kernel 

percentage and 1,000-kernel weight. 

The genotypes were ranked based on their mean 

performance across all traits (Figure 4.A) and their distance 

from the "ideal genotype" (Figure 4.B). Genotypes closer 

to the center of the Average Tester Axis (ATA) typically 

exhibit higher mean performance and a more balanced trait 

profile (Yan and Frégeau-Reid 2018). Both analyses 

consistently identified UB 25 and UB 28 as the top-

performing hybrids, surpassing all other experimental lines 

and both commercially available check varieties. Based on 

mean performance, UB 25 was recognized as the superior 

hybrid. However, in terms of proximity to the ideal 

genotype, UB 28 displayed a more balanced trait profile 

compared to UB 25. These hybrids represent a near-

optimal combination of high yield potential and drought 

tolerance. Drought-tolerant maize genotypes are known to 

produce higher levels of antioxidant enzymes, which help 

mitigate oxidative stress by neutralizing reactive oxygen 

species formed under drought conditions (Yang et al. 

2015). As such, the parental inbred lines of these top-cross 

hybrids are strong candidates for future breeding cycles 

focused on enhancing resilience to semi-arid climates. 

Implications for maize breeding in Indonesia and future 

directions 

This study emphasizes the need to prioritize in-situ 

screening as a key strategy in maize breeding programs in 

Indonesia, especially in drought-prone areas like East Nusa 

Tenggara. Evaluating genotypes under local environmental 

conditions allows breeding programs to gather more 

accurate data on performance under real-world stress. 

Screening genetic materials within target production zones 

further accelerates breeding progress, enhancing varietal 

adaptability and encouraging farmer adoption through 

locally validated performance data (de Sousa et al. 2021). 

Ahmad et al. (2024) show that screening genetic materials 

in target production zones accelerates breeding progress. 

This approach is especially relevant in Indonesia, given its 

diverse climates and soils that require region-specific 

solutions. Incorporating in-situ screening into national 

breeding programs will enhance varietal adaptability and 

encourage farmer adoption by providing locally validated 

performance data. 

 

 

 

     

A B 

Figure 3. Genotype × Trait (GT) biplot analysis: A. Relationships among traits, B. Which-won-where polygon view. PC1: Principal 

Component 1, PC2: Principal Component 2, ASI: Anthesis-Silking Interval, UT: Unfilled Tips, NR: Number of kernel Rows, EL: Ear 

Length, ED: Ear Diameter, KW: 1,000-Kernel Weight, EW: Dehusked Ear Weight, KP: Kernel Percentage, PK: Potential yield 



 B IO DIVERSITAS  26 (12): 6427-6436, December 2025 

 

6434 

      

A B 

Figure 4. Genotype × Trait (GT) biplot analysis: A. Ranking by mean performance, B. Ranking by proximity to the ideal genotype. 

Note: PC1: Principal Component 1, PC2: Principal Component 2, ASI: Anthesis-Silking Interval, UT: Unfilled Tips, NR: Number of 

kernel Rows, EL: Ear Length, ED: Ear Diameter, KW: 1,000-Kernel Weight, EW: Dehusked Ear Weight, KP: Kernel Percentage, PK: 

Potential yield 

 

 

 

Given the challenges posed by climate change and 

recurring drought, in-situ screening can be an important 

strategy to advance national agricultural goals. This 

strategy supports national goals aimed at boosting maize 

production in drought-prone, marginal areas by developing 

drought-tolerant varieties and expanding cultivation into 

less fertile lands (Syahruddin et al. 2020). Ensuring that 

selected genotypes are high-yielding and well-suited to 

local conditions is crucial for strengthening food security. 

Additionally, incorporating drought-tolerant traits will help 

mitigate the risks associated with climatic variability, 

benefiting both farmers and consumers by improving 

production sustainability. 

Although the findings of this study offer valuable 

insights, they are based on a single season and location, 

limiting their broader applicability. To better assess the 

stability and adaptability of the identified genotypes, future 

research should include multi-location and multi-season 
trials that cover a wider range of agroecological conditions 

(Yue et al. 2022). Expanding testing across diverse 

environments is essential to ensure that the genotypes 

perform consistently under various conditions. This will 

strengthen national strategies for sustainable agricultural 

intensification and improved food security. Broader trials 

will provide more reliable data, ensuring that the identified 

genotypes are truly resilient to different environmental 

stresses. 

The integration of molecular techniques, such as Marker-

Assisted Selection (MAS), alongside in-situ screening, will 

improve the precision of genotype evaluations. Molecular 

markers help identify Quantitative Trait Loci (QTL) 

associated with key traits like drought tolerance and yield, 

improving the accuracy and efficiency of selection, 

particularly for complex traits (Zhang et al. 2017). Future 

breeding efforts should focus on combining elite lines with 

disease resistance and nutrient-use efficiency to develop 

more robust hybrids. By combining conventional breeding 

methods, molecular tools, and location-specific screening, 

Indonesia’s maize breeding programs can achieve faster 

genetic progress, ensuring that the selected varieties meet 

both environmental and socio-economic needs. 

In conclusion, UB 25 and UB 28 emerged as high-

yielding maize hybrids under the semi-arid conditions of 

East Nusa Tenggara, Indonesia. These hybrids should be 

prioritized for multi-location trials to assess yield stability 

and environmental adaptability. Breeders are encouraged to 

integrate their inbred parents into drought-tolerance breeding 

pipelines, while policymakers should support their rapid 

evaluation and potential scale-up. Future molecular 

characterization will also enhance the precision of selecting 

drought-resilient traits for national maize improvement 
programs. 
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