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SUMMARY

Foxtail millet (Setaria italica) has great potential as food, feed, and feedstock in the biofuel industries.
Currently, its applications are still few, but research on foxtail millet as a feedstock is growing.
Feedstock with high-cellulose and low-lignin content is desirable for feed digestion and biofuel
production. The following study aimed at characterizing phenotypic variations related to feedstock
utilization in eight Indonesian foxtail millet genotypes and identifying superior genotypes for feed or
biofuel feedstock development. The experiment was in a randomized complete block design
arrangement with genotypes as a single factor and three replications. Acid detergent fiber (ADF)
percentage, cellulose content, lignin content, leaf humber, and plant height emerged as key traits for
selecting superior foxtail millet for feedstock. These traits showed high broad-sense heritability and
moderate to high genotypic and phenotypic variation, indicating strong genetic control. Cellulose
content displayed a significant correlation (p < 0.001) with lignin content, plant height, leaf number,
tiller number, and heading time. These associations support their use in multi-trait selection. Heatmap
clustering and PCA revealed substantial genotypic variability, enabling effective selection based on
feedstock quality traits. Hambapraing, Mauliru2, and ICERI7 appeared as promising genotypes for
further hybridization programs, contributing desirable traits for feedstock development.
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Key findings: Among eight Indonesian foxtail millet (S. ijtalica L.) genotypes, Hambapraing, Mauliru2,
and ICERI7 emerged as promising parental genotypes, offering favorable attributes for incorporating
into breeding programs to improve the feedstock quality.
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INTRODUCTION

Intensive research in foxtail millet (Setaria
italica [L.] Beauv.) has been steadily increasing
over the years, driven by its considerable
resilience to climate change and its potential to
enhance sustainable food and feedstock
security (Ardie et al., 2025). Foxtail millet is a
recognized ancient staple food among others
used worldwide (Pramitha et al., 2023). Its
grain has excellent nutritional value for human
consumption, particularly for protein content,
with a low glycemic index, and is gluten-free
(Arora et al., 2023). The remaining plant
residues (stalks and straws) can serve as
feedstock for biofuel and animal feed (Dhawi et
al., 2018; Kishor et al., 2021).

Foxtail millet, a C4 grass, is popular for
its efficient utilization of water, nitrogen, and
CO; and its ability to convert solar energy into
biomass through C4 photosynthesis, which
minimizes photorespiration. These
characteristics contribute to the potential of
foxtail millet as a promising lignocellulosic
feedstock suitable for biofuel production
(Muthamilarasan et al., 2015). Additionally,
foxtail millet hay has gained distinction as a
high-quality forage in China due to its elevated
crude protein content, an essential nutrient for
livestock (Ren et al., 2020). Given foxtail
millet's dual potential for biofuel production
and animal feed, optimizing its plant cell wall
composition—particularly cellulose and lignin
content—is crucial for enhancing biofuel yield
and increasing nutrient absorption in livestock.

Forages containing higher cellulose and
lower lignin work as an ideal commodity for
biofuel production, as lower lignin enhances

enzymatic hydrolysis, increasing cellulose
accessibility, improving vyield, and reducing
processing costs (Li, 2021; Farobie et al.,

2025). Similarly, such cellulose-rich forages
also occurred to be preferable as feed for
ruminant animals, as their lower lignin content
facilitates microbial degradation of cellulose in
the digestive system, leading to optimized
nutrient and energy absorption (Li, 2021).
Despite its promising potential as a feedstock,
intensive research on foxtail millet currently
predominantly focuses on its development as a
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food crop, with most research being conducted
in China and India (Ardie et al., 2025).
Meanwhile, Indonesia has local landraces of
foxtail millet (Ardie et al., 2017; Ratnawati et
al., 2024), for which research on their potential
as feedstock remains limited.

The local landraces of Indonesian
foxtail millet are vital plant genetic resources
for developing superior cultivars in Indonesia,
including those intended for both food and
feedstock applications. The Indonesian foxtail
millet germplasms exhibited varied morpho-
agronomic performances in previous studies
(Ardie et al., 2017; Ratnawati et al., 2024),
but the lignocellulose content information of
the foxtail millet genotypes was not yet
available. Therefore, this study aimed to
establish the selection criteria and identify the
potential genotypes from eight Indonesian
foxtail millet genotypes to develop superior
cultivars for further improvement in feedstock.

MATERIALS AND METHODS
Experimental site

The field experiment on Indonesian foxtail
millet genotypes commenced from September
2024 to January 2025 at the Leuwikopo
Experimental Field, IPB University, Bogor,
Indonesia (Latitude: 6°33’55.98” S, Longitude:
106°4330.17"” E). Postharvest and
biochemical analyses took place at the Post-
Harvest Laboratory, Department of Agronomy
and Horticulture, Faculty of Agriculture, and
the Feed Science and Technology Laboratory,
Department of Feed Science and Technology,
Faculty of Animal Science, IPB University,
Bogor, Indonesia.

Experimental design

This experiment had a randomized complete
block design arrangement, with foxtail millet
genotype as a single factor and three
replications. The eight Indonesian foxtail millet
genotypes used comprised ICERI5, ICERI6,
and ICERI7 obtained from the Indonesian
Cereals Research Institute (ICERI); Botok4,



Pahlevi et al. (2026)

Botok10, Mauliru2, and Hambapraing, procured
from East Nusa Tenggara; and Buru, collected
from North Maluku, Indonesia.

Crop husbandry

All the foxtail millet genotype seeds involved
sowing in a planting tray with soil, goat
manure, and rice husk charcoal (ratio 1:1:1,
v/v), with three seeds per planting hole inside
the shade house (approximately 50% shading)
for +£1 month. The preparation of the
experimental field occurred two weeks before
planting. The preparation included weed
removal, land tilling, and planting bed setup.
Manure (at 2.5 t ha!) and dolomite (at 300 kg
ha'!) succeeded in equal applications to each
bed, leaving the bed to rest for a week. Each
replication consisted of eight planting beds,
measuring 1.5 m x 1.5 m, with five rows
containing 10 planting holes per row (10 plants
in a row, for a total of 50 plants per planting
bed).

Foxtail millet genotype seedlings
proceeded to transplanting in the prepared bed
with a distance of 25 cm between rows and 10
cm between planting holes. A net (white color,
mesh 40) installation in the field helped protect
the plants from pests and storms, providing an
approximate shading of 35%. Plant
maintenance ensued by applying fertilizer at 14
and 42 days after transplanting, consisting of
300 kg hat urea, 150 kg ha't SP-36, and 75 kg
ha! KCl—split equally between the two
applications. Pests and diseases control applied
a 0.1 mL L insecticide (with active ingredients
chlorantraniliprole 100 g L' + thiamethoxam
200 g L) and 1 mL L fungicide (with active
ingredients  propiconazole 125 g Lt +
tricyclazole 400 g L't) at 14 days after planting
(DAP). Weeds entailed periodical removal
manually.

Plant indicators and measuring method

Ten sample plants per genotype in each
replication attained random selection and
evaluation. Observations of parameters, when
recording, used the methodology of the
International Union for the Protection of New
Varieties of Plants (UPOV, 2013) and ICRISAT
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(International Crops Research Institute for the
Semi-Arid Tropics) descriptors for foxtail millet
(Elangovan et al., 2023). The observed
parameters include 1) time of
heading/flowering (day): recorded when 50%
of the plant emerged from the inflorescence;
2) plant height (cm): measured from ground
level to tip of inflorescence at physiological
maturity stage; 3) Stem diameter (mm):
measured between the third and fourth nodes
from the base at the heading stage; 4) number
of leaves: the total number of leaves in each
plant cluster; 5) number of tillers: recorded at
ground level or from basal nodes of primary
tillers at the physiological maturity stage; 6)
flag leaf length (cm): measured from the ligule
to the tip of the flag leaf on primary tillers at
the heading stage; 7) flag leaf width (cm):
measured at the broadest part of the leaf blade
on primary tillers at the heading stage; and 8)
flag leaf area (cm?): measured as Yoshida
(1976) described using the following formula:

Leaf area = length x width x 0.75.

The sampling of foxtail millet genotype
plants continued at the ripening stage, with
their panicles removed before conducting
biochemical trait analysis on the remaining
forage biomass. The definition of the ripening
stage was according to the BBCH scale for
cereals with code 85 (soft dough). Each
genotype’s harvest transpired at different
times: 70 DAP (Buru, ICERI6, and ICERI7); 74
DAP (ICERI5); and 104 DAP (Botok4, Botok10,
Hambapraing, and Mauliru2). The plant
samples were air-dried under sunlight for three
days, followed by drying in an oven at 80 °C
for two additional days. The forage biomass of
each foxtail millet genotype was then chopped
and ground into fine powder. The ground
samples were sent to the Feed Science and
Technology Laboratory to undergo biochemical
trait analysis, including acid detergent fiber
(ADF), cellulose, and lignin content.

Data analysis

The analysis of variance (ANOVA) and
Duncan's multiple range test (DMRT), as
performed, used SAS OnDemand for
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Academics to examine the foxtail millet
genotypes with various traits (heading time,
plant height, stem diameter, number of leaves,
number of tillers, and flag leaf length, width,
and area) and biochemical traits (ADF,
cellulose content, and lignin content). Genetic
variance (024), environmental variance (02e),
and phenotypic variance (02p) were calculated
to estimate the broad-sense heritability (h%s).
The broad-sense heritability value received
categories as high (>50%), moderate (20% to
50%), and low (<20%) (Mustakim et al.,
2019). The computation of genotypic (GCV)
and phenotypic (PCV) coefficients of variation
also succeeded. Both GCV and PCV value
ranges reached classifications as low (0%-
10%), moderate (10%-20%), and high
(>20%) (Bekele et al., 2013). Analysis of the
correlation matrix (based on the Pearson
coefficient), upon performing, used the ‘GGally’
RStudio (R 4.4.1) packages (Schloerke et al.,
2024). Additionally, a two-way clustering
heatmap and principal component analysis
(PCA) proceeded using R packages ‘pheatmap’
(Kolde and Kolde, 2015) and ‘factoextra’
(Kassambara and Mundt, 2020).

RESULTS AND DISCUSSION

The analysis of variance of the biochemical and
agronomic traits in eight Indonesian foxtail
millet genotypes appears in Table 1. The
genotypes significantly affected the agronomic
and biochemical characteristics, except for
stem diameter and flag leaf area. The
summary of the genetic variability and broad-
sense heritability for the biochemical and
agronomic traits occurs in Table 2. The results
revealed that all traits exhibited high broad-
sense heritability. The higher level of broad-
sense heritability suggested that genetic
variations  predominantly  determine the
observed phenotypic variance and indicate the
stable genotypic responses. With high broad-
sense heritability values, the feasible selection
can also continue based on the desired traits.
Higher GCV and PCV values achieved
estimation for the traits cellulose content, plant
height, number of leaves, and number of

393

tillers. Meanwhile, the rest of the traits showed
moderate GCV and PCV, except for the flag leaf
length and flag leaf area, which had low GCV
values. The results further revealed that the
estimated PCV values for most characters were
only slightly higher than the GCV,
demonstrating that the genetic makeup has a
considerable effect in determining these traits,
while the environmental effect was minimal.
Singh et al. (2023) reported that a small
difference between PCV and GCV reflects a
strong genetic control over trait expression. In
their study on foxtail millet, plant height
showed high PCV and GCV values with minimal
difference, indicating it largely has control of
genetic factors. Similarly, Kumari et al. (2024)
observed high GCV and PCV values for plant
height and the number of tillers in foxtail
millet, indicating that genetic factors also
significantly contribute to the expression of
these traits. The earlier study explained that
traits with high GCV values can serve as
selection criteria in breeding programs for
further improvement in desired traits (Roka et
al., 2024). Hence, to support foxtail millet
breeding for feedstock production, the traits
plant height, number of leaves, number of
tillers, ADF percentage, lignin, and cellulose
content could be the main choices as potential
selection criteria. This is because of their high
broad-sense heritability, moderate to high GCV
and PCV values, and a minimum difference
between PCV and GCV.

The Indonesian foxtail millet
genotypes' performances for agronomic and
biochemical traits are available in Tables 3 and
4, respectively. The foxtail millet genotypes
Botok4 and Botok10 exhibited the maximum
plant height, followed by Hambapraing and
Mauliru2 with moderate plant height, while the
other genotypes were considerably short with
the minimum plant height. These findings
contrast slightly with a previous study
conducted by Ratnawati et al. (2024), who
found Botokl10 was the tallest genotype, with
Botok4, Mauliru2, and Hambapraing exhibiting
similar, shorter heights. The genotypes
Hambapraing and Mauliru2 had the most
leaves and tillers and were nonsignificantly
different from the two other genotypes, ICERI5
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Table 1. Analysis of variance of the biochemical and agronomic traits of eight Indonesian foxtail millet
genotypes.

Mean squares

i 0,
Traits Replications Genotypes CV (%)
ADF percentage 0.39" 54.25" 2.71
Cellulose content 0.67" 99.37"" 2.88
Lignin content 0.24ns 10.57* 7.07
Plant height 51.75" 6,166.98" 6.11
Number of leaves 19.83" 534.78™ 21.60
Stem diameter 1.15% 2.55m 19.81
Number of tillers 0.14"s 2.61™ 27.26
Flag leaf length 8.99m 54.97*" 7.26
Flag leaf width 0.02m 0.30™ 7.18
Flag leaf area 45.31"s 224.24" 12.92
Heading time 9.29 " 540.55™ 5.13

Note: *: significant at a = 5%, **: significant at a =1%, ns = not significant (p > 0.05), and CV = coefficient of variation.

Table 2. Genetic variability and heritability of the biochemical and agronomic traits in eight
Indonesian foxtail millet genotypes.

Traits 02 [o 02 h2ps Means GCV (%) PCV (%)
ADF percentage 0.97 17.76 18.08 98.21 36.30 11.61 11.72
Cellulose content 0.52 32.95 33.12 99.48 25.06 22.90 22.96
Lignin content 0.51 3.35 3.52 95.18 10.15 18.05 18.50
Plant height 97.38 2,023.20 2,055.66 98.42 161.51 27.85 28.07
Number of leaves 37.96 165.61 178.26 92.90 28.52 45.11 46.81
Stem diameter 1.13 0.47 0.85 55.69 5.38 12.79 17.14
Number of tillers 0.36 0.75 0.87 86.21 2.21 39.14 42.16
Flag leaf length 8.33 15.55 18.32 84.85 39.76 9.92 10.77
Flag leaf width 0.03 0.09 0.10 90.00 2.55 11.76 12.40
Flag leaf area 95.68 42.85 74.75 57.33 75.74 8.64 11.41
Heading time 12.39 176.05 180.18 97.71 68.58 19.35 19.57

Note: 02 = environmental variance, 02¢ = genotypic variance, 02 = phenotypic variance, h?s = broad-sense heritability,
GCV = genetic coefficient of variation, and PCV = phenotypic coefficient of variation.

Table 3. Agronomic traits’ metrics observed in eight Indonesian foxtail millet genotypes.

SD FLL FLW
Geno PH (cm) NL (mm) NT (cm) (cm) FLA (cm?) HeT (DAP)
B4 214.79+11.8 33.9+3.4 5.60+0.2 2.3+0.4 48.11+2.4 2.57+0.3 92.88+11.4 79.0%+3.0
B10 229.52+0.2 30.5+7.0 6.33+0.3 1.4%0.7 43.22+1.6 2.08+0.1 67.97+7.1 85.7+4.0
BU 126.88+15.2 17.1+3.4 4.67+0.4 1.7+0.5 36.00+£3.5 2.93+0.2 80.42+13.5 55.0+3.0
HBP 176.80+6.5 50.6+9.2 5.48+0.1 3.5+0.7 40.51+4.1 2.24+0.1 65.70%2.5 79.0+£5.2
15 116.95+3.4 20.2+2.2 4.21+0.3 2.6x0.5 37.62+3.7 2.67+£0.1 75.38+9.5 57.3+3.5
16 115.92+7.5 19.1+1.4 4.29+0.3 2.8+0.7 36.64+£3.4 2.66+£0.2 73.72+12.3 54.0+2.0
17 129.53+9.3 13.6+3.2 6.71£2.9 0.6x0.4 35.62+1.5 2.95+0.2 79.45%7.7 58.7+2.5

MAU2 181.68+12.9 43.1+10.6 5.72+0.4 2.8+0.7 40.39+1.8 2.31+0.1 70.40%6.6 80.0+3.5

Geno = Genotypes, B4 = Botok4, B10 = Botok10, BU = Buru, HBP = Hambapraing, I5 = ICERI5, 16 = ICERI6, 17 =
ICERI7, MAU2 = Mauliru2, PH = plant height, NL = number of leaves, SD = stem diameter, NT = number of tillers, FLL =
flag leaf length, FLW = flag leaf width, FLA = flag leaf area, and HeT = heading time.
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Table 4. Biochemical traits’ metrics observed in eight Indonesian foxtail millet genotypes.

Genotypes ADF (%) Cellulose (%) Lignin (%)
Botok4 40.70£1.0 28.71+0.7 11.53+0.6
Botok10 37.60£1.0 26.68+1.4 10.63+0.4
Buru 35.03+0.1 19.64+0.9 13.28+0.8
Hambapraing 40.55+1.2 31.47+0.8 8.56+0.5
ICERI5S 31.45+1.0 19.47+0.6 10.29+0.5
ICERI6 33.33+1.1 20.40+0.2 10.80+1.1
ICERI7 30.70+0.8 20.57+0.6 8.69+0.9
Mauliru2 41.02+1.1 33.57+0.5 7.39+0.4

ADF = acid detergent fiber.

and ICERI6. The foxtail millet genotypes
Botok4, Hambapraing, and Mauliru2 had the
maximum acid detergent fiber (ADF) levels.
Furthermore, the correlation analysis,
heatmap clustering, and principal component
analysis (PCA), as also performed, investigated
the relationship among the phenotypic traits
and eight foxtail millet genotypes. It identified
key traits suitable for multi-trait selection in
breeding programs  targeting feedstock
production. The correlation matrix showed the
correlation between phenotypic traits (Figure
1). Cellulose content emerged to be
significantly positively correlated with ADF
percentage, plant height, the number of leaves
and tillers, and heading times (p < 0.05to p <
0.001). However, the cellulose content
expressed a significantly negative correlation
with lignin content (p < 0.01) and flag leaf
width (p < 0.001). These results aligned with a
previous study that reported cellulose content
as significantly positively correlated with ADF
and negatively associated with lignin content
(Li et al., 2025). The heatmap cluster analysis
depicted the clustering based on phenotypic
traits and foxtail millet genotypes, and the hue
in the plot indicated the value of each trait
(Figure 2a). The genotype-based clustering
method revealed two major groups within the
dataset. The first group comprised the
genotypes Botok4, Botok10, Hambapraing, and
Mauliru2, with moderate heading time and
superior plant height, flag leaf length, number
of leaves, cellulose content, ADF percentage,
and stem diameter. In contrast, the second
group included the foxtail millet genotypes
ICERI5, ICERI6, ICERI7, and Buru, with fewer
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superior traits, such as flag leaf width and
length and lignin content, with an early
heading time. The clustering analysis results
were greatly analogous to past findings, which
reported genotypes Botok4, Botok10, Mauliru2,
and Hambapraing forming a closely related
group. Meanwhile, foxtail millet genotypes
ICERI5 and ICERIG6 clustered together based on
agromorphological traits (Ratnawati et al.,
2024).

The PCA Dbiplot illustrated the
contribution of each trait to the principal
components and their interrelationship,
represented by axes, along with the distances
among the foxtail millet genotypes (Figure 2b).
The Dim1 (horizontal axis) (PC1l) explained
57.3% of the total variance, whereas Dim2
(vertical axis) (PC2) accounted for 18.9%,
cumulatively capturing 76.2% of the total
variability in the obtained data. Vectors
(arrows) represent phenotypic traits, and their
length and proximity to the PC axis indicate the
contribution of the variable to the variance
explained. Cellulose content and number of
leaves significantly contributed to PC1,
whereas flag leaf length was more influential in
PC2. The PCA biplot also highlighted the
individual observations of the eight foxtail
millet genotypes represented by dots. The
foxtail millet genotypes with closely positioned
dots, such as ICERI7-Buru (Quadrant I),
Botok4-Botok10 (Quadrant II), ICERI5-ICERI6
(Quadrant 1III), and Mauliru2-Hambapraing
(Quadrant 1V), revealed the genetic similarity.
However, the distinct phenotypic traits
characterize each quadrant. The arrow length,
direction, and proximity between the vector
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Figure 1. Correlation matrix (Pearson’s coefficient) between phenotypic traits and eight foxtail millet
genotypes. PH = plant height, NL = number of leaves, SD = stem diameter, NT = number of tillers,
FLL = flag leaf length, FLW = flag leaf width, FLA = flag leaf area, HeT = heading time, and ADF =
acid detergent fiber. *: significant at p < 0.05, **: significant at p < 0.01, ***: significant at p <
0.001, and ns = not significant (p > 0.05).
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Figure 2 a) Heatmap cluster, b) PCA-Biplot between phenotypical traits and eight foxtail millet
genotypes. PH = plant height, NL = number of leaves, SD = stem diameter, NT = number of tillers,
FLL = flag leaf length, FLW = flag leaf width, FLA = flag leaf area, HeT = heading time, and ADF =
acid detergent fiber.
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point and the genotype dot determine the trait
levels for each genotype cluster. These results
confirmed that PCA can identify the primary
traits mainly contributing to the population's
variability (Venujayakanth et al., 2017).

The analysis of variance, correlation,
cluster heatmap, and PCA analyses allowed us
to identify the potential key traits for selection
and potential foxtail millet genotypes for
hybridization for improving feedstock
production. The primary traits identified are
cellulose content, the number of leaves, and
plant height. These important traits possessed
high broad-sense heritability values, GCV, and
PCV values, and also revealed considerable
positive correlation with each other, making
them suitable for multi-trait selection.
Additionally, lignin content emerged as a
critical trait despite its moderate GCV and PCV
values. Its high broad-sense heritability,
minimal difference between PCV and GCV, and
negative correlation with cellulose content
underscore its genetic stability and relevance
to feedstock quality. Lower lignin levels
enhance digestibility in livestock and enhance
enzymatic hydrolysis efficiency during biofuel
production (Li, 2021; Farobie et al., 2025).
Bhat et al. (2020) reported that lignin content
proved to be one of the crucial selection
criteria to increase forage quality in sorghum
genotypes. Therefore, lignin should be a
priority alongside other key traits in multi-trait
selection strategies to optimize breeding
programs for dual-purpose foxtail millet
cultivars.

The foxtail millet genotypes
Hambapraing and Mauliru2 most likely
appeared to be suitable for feedstock despite
their high ADF percentage. The ADF comprises
cellulose, lignin, and ash. Even though a lower
ADF forage is generally desirable for easier
digestibility, only the lignin is indigestible.
Nevertheless, the high cellulose content in the
genotypes Hambapraing and Mauliru2 supports
their continued viability as feedstock candidate
landraces. Cellulose serves as a fermentable
sugar substrate for biofuel production
(Fatriasari et al., 2023). Past research also
stated that cellulose contributes to gut health
maintenance in animal nutrition (Kim et al.,
2020). In contrast, the foxtail millet genotype
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ICERI7 exhibited consistently low levels across
all biochemical parameters, indicating its
potential utility as a parental line in breeding
programs aimed at optimizing the feedstock
traits.

In foxtail millet, developing feedstock
with lower lignin could increase the feedstock’s
digestibility and quality, but the risk is the
plant becoming prone to lodging. An inverse
relationship exists between lodging resistance
and digestibility, where increased digestibility
often relies on reducing lodging resistance
(lower lignin content) and vice versa (Mengistie
and McDonald, 2023). Additionally, Muhammad
et al. (2020) declared that plants with higher
lignin content provide greater strength of the
stem in wheat crops. Nevertheless, the foxtail
millet genotypes Hambapraing, Mauliru2, and
ICERI7 were still suitable for good-quality
feedstock due to their low lignin content, while
the genotypes Botok4, Botok10, Buru, ICERIS5,
and ICERI6 emerged to be suitable for
improvement in lodging resistance. Therefore,
the foxtail millet ideotype to increase feedstock
quality consisted of moderate height, with
more tillers and leaves, higher cellulose, and
lower ADF and lignin content. The genotypes
Hambapraing and Mauliru2 had the potential as
parental genotypes to achieve moderate
height, high cellulose content, low lignin
content, and the maximum tillers and leaves.
Moreover, the genotype ICERI7 can potentially
be effective as a donor parent in breeding
programs aimed at reducing ADF percentage
due to its low ADF content.

CONCLUSIONS

In foxtail millet genotypes, the key traits,
including ADF percentage, cellulose content,
lignin content, leaf number, and plant height,
exhibited high broad-sense heritability
alongside moderate to high GCV and PCV
values. These showed their potential as
effective selection criteria in the development
of superior cultivars for feedstock purposes.
Multi-trait selection using these traits is
possible  based on their considerable
association. The heatmap cluster and PCA
analyses revealed the genotype variability,
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allowing selection based on these traits among
the foxtail millet genotypes. The genotypes
Hambapraing, Mauliru2, and ICERI7 emerged
as promising genotypes beneficial in a
hybridization program, contributing desirable
traits for improvement in feedstock.
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