SABRAO Journal of Breeding and Genetics

58 (2) 591-603, 2026
http://doi.org/10.54910/sabrao2026.58.2.10
http://sabraojournal.org/

pISSN 1029-7073; eISSN 2224-8978

SORGHUM (SORGHUM BICOLOR L. MOENCH) GERMPLASM WITH VARIATIONS IN
FE AND ZN CONTENTS AND THEIR CORRELATION WITH GRAIN YIELD

I. AHMADIFAUZAN, D. WIRNAS*, TRIKOESOEMANINGTYAS, and S.H. SUTJAHJO

Department of Agronomy and Horticulture, Faculty of Agriculture, IPB University, Indonesia
*Corresponding author’s email: desta@apps.ipb.ac.id
Email addresses of co-authors: Trikoesoemaningtyas@apps.ipb.ac.id, surjonoagh@apps.ipb.ac.id,
imamahmadifauzan@apps.ipb.ac.id

SUMMARY

Sorghum (Sorghum bicolor L.) serves as an alternative food crop to rice in addressing food shortages
and malnutrition. Breeding programs aimed at increasing yield and biofortification in sorghum require
accessions with superior agronomic traits, as well as high iron (Fe) and zinc (Zn) contents. This study
sought to assess the variation in agronomic characteristics and Fe and Zn contents among Indonesian
sorghum germplasm. The genetic materials evaluated consisted of 20 IPB breeding lines, six
introduced accessions, five local varieties, and seven national varieties arranged in an augmented
design. The observed traits included agronomic characters and grain micronutrient contents (Fe and
Zn). Leaf number, green leaf index, days to flowering and maturity, panicle weight, and thousand-
seed weight exhibited high heritability. Fe content showed the highest broad-sense heritability,
whereas Zn content displayed relatively low variation and heritability. All observed traits, except green
leaf index and panicle length, revealed a positive correlation with seed weight per panicle. Fe and Zn
contents indicated nonsignificant correlations with panicle weight and seed weight per panicle. Based
on mean values and heritability estimates, promising germplasm for further development includes
national varieties for yield improvement and local varieties for biofortification purposes.

Keywords: Sorghum (S. bicolor L.), biofortification, Fe and Zn, germplasm, Pearson's correlation,
XRF

Key findings: Among 38 Indonesian sorghum (S. bicolor L.) germplasm evaluated, the local variety
Pulut-3 exhibited the highest seed iron (Fe) content, reaching 54.5 ppm. This trait shows very high
broad-sense heritability and a significant positive correlation with seed zinc (Zn) content. This
genotype holds strong potential for further biofortification efforts aimed at enhancing micronutrient
concentrations.
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INTRODUCTION

Globally, one in three people is malnourished
based on 2015-2017 data, and by 2030, one
in two may face malnutrition if no action takes

place (Fanzo et al., 2017). Widespread
micronutrient deficiencies (MNDs) lead to
severe and potentially fatal health issues

(WHO, 2024). Micronutrients are essential
nutrients needed by the human body in small
quantities to maintain optimal health and
functioning. They consist of vitamins and

minerals, including iron, vitamin A, iodine,
folate, and zinc (Inzaghi et al., 2022).
Micronutrient deficiencies, particularly

Fe and Zn, remain a significant public health
concern in Indonesia, especially during fetal
development and childhood. Iron is essential
for protein metabolism, hemoglobin synthesis,
red-blood-cell formation, and immune function,
and its deficiency can lead to anemia and
impaired growth (Honestdocs, 2024). Zinc is
critical for immune function and the activity of
over 100 enzymes; prolonged deficiency can
result in poor health, stunted growth, and
increased susceptibility to infections (Sanna et
al., 2018; Hallosehat, 2024). National data
indicate that 13.4% of Indonesian children
have low ferritin levels (iron), and 19.7% have
inadequate zinc status (Ernawati et al., 2023).
Additionally, 40.5% of 2,061 children aged 6-
23 months do not meet recommended zinc
intakes (Chirivi and Betti, 2023). Dietary
interventions, including supplementation and
nutritional support, can help alleviate these
deficiencies (WHO, 2024). Both iron and zinc
are available in animal-derived foods, as well
as plant-based sources such as grains and
vegetables (Gaddameedi et al., 2022).
Sorghum could serve as a promising
staple food, with macronutrient composition
almost similar to rice and protein content
approaching that of wheat. It is also rich in
phenolic compounds, which exhibit antioxidant,
anti-inflammatory, and anti-carcinogenic
properties (Ofosu et al., 2021). The high levels
of protein, fat, and fiber contribute to a low
glycemic index, making sorghum a suitable
dietary option for individuals with diabetes
(Taylor and Duodu, 2018). Research has
revealed considerable genetic variations among
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220 sorghum accessions, with Fe contents
ranging from 47.54 to 75.7 ppm and Zn
contents from 21.8 to 46.2 ppm (Xiong et al.,
2019). Iron is primarily prevalent in the
scutellum, whereas Zn predominantly exists in

the embryonic axis, aleurone layer, and
endosperm (Gaddameedi et al., 2022).
Biofortification of essential crops

provides a cost-effective approach to
addressing micronutrient deficiencies (Abebe et
al., 2023). Extensive sorghum biofortification
programs have had successful implementation
in India (Kumar et al., 2023), North Africa
(Abdelhalim et al., 2021), East Africa
(Endalamaw et al., 2025), and other regions.
In Indonesia, biofortification efforts have
successfully produced the Inpari IR Nutri Zinc
rice varieties, which contain up to 34.5 ppm Zn
(Rohaeni and Susanto, 2021; Rohaeni et al.,
2023a). However, the documentation of similar
initiatives for Fe and Zn biofortification in
sorghum has not yet taken place in Indonesia.
Considering that rice is rich in Zn and sorghum
is abundant in Fe, the two crops could
complement each other in alleviating
micronutrient deficiencies. Developing sorghum
varieties with enhanced Fe and Zn contents
offers a viable solution. Indonesian sorghum
germplasm includes introduced lines, local, and
national varieties (Suroya et al., 2023), as well
as breeding lines. Meeting future needs
requires improvements in vyield potential
accompanied by enhancements in grain quality
through biofortification (Wirnas et al., 2021;
Abebe et al., 2023). Pre-breeding evaluations
are therefore essential to analyze the variation
in Fe and Zn contents of sorghum grains. This
study aimed to assess the agronomic diversity,
yield performance, and grain Fe and Zn
contents of Indonesian sorghum germplasm,
providing a basis for selecting potential
parental lines for the development of
segregating populations via hybridization or
mutation.

MATERIALS AND METHODS

The study comprised two experiments: 1) a
field experiment to evaluate variation in
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Table 1. Genetic materials used in the study.

No. Genotype Status No. Genotype Status

Lines
1 NS2-12 Breeding line 21 KP 62R6 Local cultivar
2 NS2-15 Breeding line 22 KP 64R6 Local cultivar
3 NS2-19 Breeding line 23 Demak 2 Local cultivar
4 NS2-21 Breeding line 24 Pulut 3 Local cultivar
5 NS2-22 Breeding line 25 5D x 160 Introduced genotype
6 NS2-24 Breeding line 26 IS 23509 Introduced genotype
7 NS2-107 Breeding line 27 IS 19551 Introduced genotype
8 NS2-108 Breeding line 28 M-4 Introduced genotype
9 NS2-112 Breeding line 29 K905 Introduced genotype
10 NS2-114 Breeding line 30 431 Introduced genotype
11 NS2-115 Breeding line 31 UPCA-SI National cultivars
12 NS2-116 Breeding line 32 Sorgum Manis National cultivars
13 NS2-119 Breeding line 33 Soraya3 National cultivars
14 NS2-121 Breeding line
15 NS2-122 Breeding line Checks
16 NS2-123 Breeding line 34 Demak 4 Local cultivar
17 NS2-126 Breeding line 35 Soper 6 Agritan National cultivar
18 NS2-129 Breeding line 36 Bioguma 1 National cultivar
19 NS2-156 Breeding line 37 Numbu National cultivar
20 NS2-168 Breeding line 38 Samurai 2 National cultivar
Note: NS2 = Numbu x Samurai 2 breeding line.
Table 2. Climate profile from May to October 2024.
Climate variables May June July August September October
Daily temperature (°C) 27.4 26.9 26.3 26.8 26.8 27.2
Air humidity (%) 84 83 79 77 79 79
Rainfall (mm) 550.6 224.1 139.8 122.5 402 493.6
Rainy days 21 20 13 14 15 14
Wind speed (m/s) 3.4 3.2 3.5 3.8 3.8 3.9

agronomic traits and yield potential and 2) a
micronutrient analysis to assess Fe and Zn
content in sorghum grains. Both experiments
proceeded using an augmented design.

Genetic material and site location

Genetic materials used in this study included
sorghum germplasm comprising introduced
lines, local varieties, promising IPB lines, and
national varieties. Genetic materials totaling 38
underwent evaluation, categorized into 33 lines
and five checks according to the augmented
design (Table 1). The field experiment
commenced from June to October 2024 at the
Muara Experimental Field in Bogor, Indonesia.
The site trial description is available in Table 2.
The conduct of micronutrient analysis was from
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January to February 2025 at the Laboratory of
the Center for Rice Crop Research and
Agricultural Modernization, Sukamandi.

Field experiment

Sowing of seeds had a spacing of 70 cm
between rows and 15 cm between hills, with
three seeds per hill. Two weeks after planting,
thinning took place to leave one plant per hill.
Dolomite application had a rate of 1 t ha ! one
month before planting. Treatment of fertilizers
had the following rates: 150 kg urea (45% N),
100 kg KCI (60% K0), and 100 kg SP36 (36%
P>Os5). One-third of the urea application was as
a basal dose, while applying the remaining
two-thirds continued four weeks after planting.
The study followed all recommended
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agronomic and plant protection practices,
conducting field observations on agronomic
traits. Trait evaluations focused on
morphological and agronomic parameters
following Wirnas et al. (2021). Harvesting
ensued when 80% of plants in each row
reached physiological maturity, indicated by
hardened seeds, a starchy texture upon biting,
and the presence of a black layer. Harvested
panicles entailed sun-drying for 2-3 days
before manual threshing.

Micronutrient analysis

Grain Fe and Zn contents measurement used
an X-ray fluorescence (XRF) analyzer (Oxford
instrument  X-Supreme  8000), validated
against inductively coupled plasma (ICP)
analysis. XRF utilizes X-ray excitation to
stimulate atoms within the sample, generating
element-specific fluorescence. Recorded Fe and
Zn concentrations reached automatic displays
on the Ricel5 analyzer’s LCD screen in parts
per million (ppm or mg kg') (Rohaeni et al.,
2023b).

Data analysis

Variance analysis for both experiments
proceeded using the augmented design model
in SAS OnDemand (Federer, 1961). Genotypes
showing significant effects received further
analysis using Dunnett's t-test and genetic
parameter estimation. Applying mean
adjustment sought to correct potential biases
that could affect analytical results. Variance
components and heritability estimates included
phenotypic variance (o?p), environmental
variance (o%e), genotypic variance (o0%g),
broad-sense heritability, phenotypic coefficient
of variation, genotypic coefficient of variation,
and correlation analysis.

RESULTS AND DISCUSSION
Performance of agronomic and yield traits
The analysis of variance (ANOVA) revealed the

genotype, line, and check factors had
significant effects on leaf number, days to

flowering, days to maturity, panicle length, and
thousand-seed weight. Variations in green leaf
index gained significant influences only from
genotype and check \varieties, whereas
variation in panicle weight had the genotype
and line significantly affecting it. The
coefficients of variation in this study were
relatively low, ranging from 0.85% to 20.96%,
indicating good experimental precision.

Post-hoc analysis with Dunnett’s t-test
showed that genotype 1S18551 had the highest
average leaf number among the evaluated
lines, which differed significantly from Demak 4
(Table 3). This genotype falls within the
medium leaf category (>12 leaves), which has
associations with enhanced photosynthetic
efficiency and increased vyield (ICAR-IIMR,
2024). Previous studies have shown an
increase in leaf number contributes to greater
leaf area, improved photosynthetic capacity,
and higher biomass accumulation, all of which
positively affect crop yield (Mingnan et al.,
2017).

The genotype K905 exhibited the
longest days to flowering, significantly differing
from Demak 4 (Table 4). A prolonged flowering
period indicates an extended vegetative phase
that enhances photosynthetic activity and
energy accumulation, potentially increasing
seed vyield capacity. In contrast, genotypes
KP62R6, 431, and UPCA-SI showed early
flowering, suggesting they are early-maturing
lines. Both IS18551 and K905 displayed the
longest days to maturity, allowing a longer
grain-filling period that could promote biomass
accumulation and higher yield potential.
Conversely, genotypes, such as 50x160,
KP62R6, and several others, reached earlier
maturity, completing their lifecycle faster
(Table 3).

Previous studies have reported
flowering and maturing durations vary
according to genetic origin, with landraces and
mutant lines generally maturing earlier (<60
days) than hybrid varieties (Zabuloni et al.,
2025). Indonesian sorghum  germplasm
exhibited medium flowering and maturing
durations (66-75 days), whereas several
introduced lines were under the early category
(56-65 days) (ICAR-IIMR, 2024). Reduced
flowering and maturity durations may enhance
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Table 3. Morphological trait of sorghum germplasm.

Plant Stem Green leaf Days to Days to
. Leaf Leaf flag . . . .

Genotype height number area (cm?) diameter index (CCIL flowering maturing

(cm) (mm) units) (DAS) (DAS)
431 166.9 7.5 90.8 57.6 11.8 55.2 99.2
5D x 160 191.7 9.5 348.4 55.8 16.9 62.0 94.2
Demak?2 187.5 9.4 146.3 53.6 16.7 59.2 96.2
1S18551 165.6 12.6 247.4 56.0 23.6 70.2 111.2
1S23509 193.3 10.1 179.6 53.3 16.2 67.0 100.2
K905 129.8 10.9 116.5 67.8 19.3 74.2 111.2
KP62R6 191.4 8.4 229.7 59.9 15.1 52.0 94.2
KP64R6 153.4 9.2 71.6 55.8 15.2 59.2 96.2
M-4 202.8 9.1 148.6 58.4 13.7 57.2 97.2
NS2-107 204.7 9.9 233.1 52.3 15.4 62.6 101.4
NS2-108 220.2 10.0 269.0 57.9 16.2 60.6 100.4
NS2-112 209.1 10.0 260.8 51.4 16.3 61.4 101.4
NS2-114 212.7 10.2 240.0 53.8 16.6 61.4 101.4
NS2-115 190.3 10.0 240.2 54.4 15.2 61.4 101.4
NS2-116 208.6 10.4 263.8 53.7 17.5 64.4 101.4
NS2-119 220.5 10.4 230.1 54.9 15.1 61.4 101.4
NS2-12 214.3 10.4 241.4 52.1 16.4 62.6 101.4
NS2-121 197.9 9.5 NA 54.6 17.6 64.4 102.4
NS2-122 216.6 9.8 236.0 53.5 15.9 61.4 101.4
NS2-123 215.8 9.2 221.7 52.4 15.3 61.4 101.4
NS2-126 220.9 10.3 181.2 50.7 14.5 62.0 101.2
NS2-129 211.8 9.6 230.6 49.4 18.5 62.0 101.2
NS2-15 219.8 9.8 274.9 53.5 15.8 60.6 100.4
NS2-156 209.1 10.0 226.1 48.7 15.1 62.0 101.2
NS2-168 217.0 10.0 180.9 47.4 14.8 62.0 101.2
NS2-19 234.5 10.7 202.6 56.0 17.1 60.6 100.4
NS2-21 224.9 10.8 191.4 47.8 16.0 60.6 100.4
NS2-22 220.5 10.0 271.4 55.3 13.9 61.6 99.4
NS2-24 225.2 10.4 197.1 53.0 15.3 60.6 99.4
UPCA-SI 184.0 9.1 NA 60.0 14.2 55.2 100.2
Biogumal 221.7 10.0 250.2 54.0 17.5 67.3 101.0
Demak 4 189.2 8.9 192.6 55.8 14.9 60.3 98.0
Numbu 224.7 10.2 227.9 52.5 16.5 63.8 100.3
Samurai 214.0 9.9 223.2 50.0 18.4 63.5 100.5
2
Soper 6 188.1 11.5 219.7 52.4 19.2 66.0 102.0
LSD 75.4 1.4 110.2 11.0 4.2 6.2 2.6
value

seed production efficiency in cropping systems
with short rotation cycles but can also reduce
productivity. Variations in flowering and
maturity times considerably influence seed
yield (Chirivi and Betti, 2023).

The genotype IS19551 and genotype
50x160 exhibited substantially longer panicles
than all control varieties. Both genotypes
received classification as having long panicles,
with lengths ranging from 30 to 40 cm (ICAR-
IIMR, 2024). Somu et al. (2025) reported that
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panicle lengths varied from 9.2 to 31.4 cm
among 103 sorghum germplasm accessions,
classified as short to medium. The presence of
long panicles suggests improved grain filling,

which  may contribute to higher vyield
performance (Otwani et al., 2025). These
findings indicate Indonesian sorghum

germplasm has substantial potential for further
improvement. Moreover, genotypes 1523509,
K905, KP62R6, and M-4 showed notably longer
panicles than Bioguma 1, Demak 4, and
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Table 4. Yield-component trait of sorghum germplasm.

Genotype Panicle Panicle diameter Panicle weight Seed weight per Thousand-seed
length (cm) (mm) (9) panicle (g) weight (g)
431 22.3 44.0 32.6 28.0 30.6
5D x 160 30.9 50.6 53.0 31.0 21.1
Demak?2 19.8 56.4 43.4 37.6 27.9
1S18551 32.8 60.1 87.3 61.8 29.5
1S23509 25.4 53.4 39.9 24.9 21.1
K905 26.2 46.6 36.1 19.7 16.6
KP62R6 25.4 42.8 29.8 22.2 21.9
KP64R6 26.4 60.7 65.0 47.3 19.6
M-4 24.5 48.1 42.1 31.7 24.6
NS2-107 18.0 56.6 58.0 43.9 36.3
NS2-108 20.7 56.8 61.4 47.0 36e
NS2-112 21.3 57.5 49.9 34.8 35.7
NS2-114 21.8 64.1 53.8 39.8 37.7
NS2-115 20.9 56.8 54.4 42.9 41.0
NS2-116 21.0 58.1 78.0 61.4 37.7
NS2-119 21.0 57.2 62.2 48.9 41.0
NS2-12 20.5 61.0 60.7 47.5 33.3
NS2-121 21.2 55.2 72.0 55.1 42.7
NS2-122 20.5 56.6 50.9 37.6 40.0
NS2-123 20.3 49.8 40.1 31.3 35.0
NS2-126 19.3 55.2 51.0 43.0 37.1
NS2-129 21.0 59.3 73.8 61.6 39.1
NS2-15 20.5 55.4 62.3 46.2 33.6
NS2-156 20.9 57.1 63.6 55.5 38.1
NS2-168 21.0 59.7 69.5 58.6 36.6
NS2-19 20.9 64.1 90.9 75.5 37.3
NS2-21 19.7 60.5 83.2 74.9 38.3
NS2-22 20.2 52.4 57.4 44.8 34.6
NS2-24 20.2 59.5 68.4 53.9 33.3
UPCA-SI 21.5 45.7 40.7 29.3 29.9
Biogumal 21.5 57.7 69.4 51.3 33.7
Demak 4 19.8 54.0 51.6 39.9 30.5
Numbu 20.7 57.6 67.7 54.6 36.3
Samurai 2 26.1 61.2 76.2 62.1 30.3
Soper 6 35.3 56.5 71.6 42.0 28.3
LSD value 2.0 15.7 39.5 36.9 3.98

Numbu. A longer panicle provides a larger
surface area for grain development, enabling
more efficient grain filling and enhancing
overall yield potential (Table 4).

According to Somu et al. (2025), the
highest seed weight per panicle among 103
sorghum accessions was 60.37 g, with a
maximum thousand-seed weight of 39.8 g. In
this study, genotypes NS2-19 and NS2-21
recorded the highest seed weights per panicle
(>70 g), indicating strong potential for high-
yield production. Conversely, K905 had the
lowest seed weight per panicle (19.7 g) (Table
4), which may limit its yield potential. Seed
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weight per panicle is a critical determinant of
production potential in sorghum, as genotypes
with heavier seeds generally produce higher
yields.

The genotype NS2-121 demonstrated
the highest thousand-seed weight (>40 g),
substantially exceeding nearly all control
varieties, whereas K905 had the lowest value
(16.6 g) (Table 4). Genotypes showing
significantly higher thousand-seed weights
than check varieties received the category as
high (>35 g) (ICAR-IIMR, 2024). Thousand-
seed weight is a vital indicator of grain quality
in sorghum cultivation, as superior grains are



SABRAO J. Breed. Genet.58 (2) 591-603. http://doi.org/10.54910/sabrao2026.58.2.10

Table 5. The agronomic traits of sorghum grouped into introduced lines, local cultivars, national

varieties, and IPB breeding lines.

Mean
Characters Introduced lines Local cultivars Natlor_1al _ varieties and IPB
breeding lines

Plant height (cm) 174.35 188.33 210.61

Leaf number 9.65 9.11 10.09

Leaf flag area (cm?) 179.08 169.44 207.68

Stem diameter (mm) 16.47 15.75 16.54

Green leaf index (CCI units) 58.06 54.69 53.20

Days to flowering (days after sowing) 59.70 62.08 62.42

Days to maturing (days after sowing) 97.08 100.40 100.87
Panicle length (cm) 26.73 19.83 22.78

Panicle diameter (mm) 50.80 55.22 56.68

Panicle weight (g) 48.22 47.50 64.10

Seed weight per panicle (g) 33.33 38.77 49.04
Thousand-seed weight (g) 23.14 29.24 34.45

typically larger and denser. Increased grain
weight improves postharvest handling
efficiency and enhances the commercial value
of grain commodities (Kamal et al., 2023).

The evaluated germplasm consisted of
introduced lines, local and national varieties,
and promising IPB breeding lines. The
introduced lines exhibited more leaves, shorter

flowering and maturity durations, longer
panicles, and lower thousand-seed weights
than the local varieties. In contrast, the

national varieties and promising IPB breeding
lines showed greater leaf counts, as well as
increased panicle and thousand-seed weights,
than the local varieties.

National varieties and promising IPB
breeding lines also demonstrated taller plant
heights (210.61 cm) relative to the introduced
lines (174.35 cm). The Indonesian sorghum
germplasm is generally distinct with medium
plant height, ranging from 151 to 225 cm
(ICAR-IIMR, 2024). Furthermore, these two
groups (national and IPB breeding lines)
showed longer durations to flowering and
maturity, shorter panicles, higher panicle
weight, and greater thousand-seed weight than
the introduced lines (Table 5).

The differences in average trait
performance among the test lines and control
varieties acquired influences from both genetic
and environmental factors. Environmental
conditions can either suppress or enhance the
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expression of genetic potential (Sharif et al.,
2024). The distinct trait variations observed
among the tested lines provide an important
foundation for plant breeding programs, as
they reveal substantial genetic diversity that
warrants further evaluation and selection.

The magnitude of genetic influence on
genotype performance entailed evaluation by
partitioning the expected mean squares for
each source of variation, followed by the
estimation of variance components. Table 6
presents the genotypic and phenotypic
variances, broad-sense heritability, and
coefficients of variation for the evaluated traits.

Broad-sense heritability estimates for
the agronomic traits ranged from 0% to
94.96%. Traits, such as leaf number, stem
diameter, days to flowering, days to maturity,
panicle size, and thousand-seed weight,
exhibited heritability values exceeding 50%,
indicating a strong genetic contribution relative
to environmental effects (Ardiyanti et al.,
2019). Contrastingly, flag leaf area, panicle
weight, and seed weight per panicle displayed
moderate heritability levels (20%-50%), while
plant height, green leaf index, and panicle
diameter showed Ilow heritability (<20%),
suggesting substantial environmental influence
on these traits. Such environmentally sensitive
traits are often less stable across generations
and more challenging to improve through
selection (Samudin et al., 2023).
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Table 6. Genetic parameters of agronomic traits of sorghum germplasm.

Character Ve Vg Vp h2bs CGV CPV
Plant height 159.52 -74.00 85.52 0 0.00 5.20
Leaf number 0.06 0.13 0.18 69.17 3.56 4.28
Leaf flag area 340.87 311.88 652.75 47.78 8.46 12.24
Stem diameter 3.41 -0.07 3.34 -2.09 0.00 11.06
Green leaf index 0.48 0.57 1.05 54.07 1.40 1.90
Days to flowering 1.07 3.13 4.21 74.48 2.83 3.28
Days to maturing 0.18 2.87 3.05 93.99 1.69 1.74
Panicle length 0.11 2.11 2.23 95.00 6.27 6.43
Panicle diameter 6.86 0.02 6.88 0.22 0.22 4.66
Panicle weight 43.80 16.59 60.39 27.47 6.60 12.60
Seed weight per panicle 38.16 10.36 48.52 21.35 6.86 14.85
Thousand-seed weight 0.44 8.37 8.81 94.96 8.90 9.14

Note: Ve = environment variance, Vg = genetic variance, Vp = phenotypic variance, h2,s = broad-sense heritability, CGV =
coefficient of genetic variance, and CPV = coefficient of phenotypic variance.

Table 7. Mean of Fe and Zn content.

Genotype Fe (ppm) Zn (ppm)

Introduced lines 23.49a 19.48

Local cultivars 31.33ab 20.47

National varieties and IPB breeding line 20.01b 19.56

Note: Means followed by the same letter are significantly different based on the contrast test.

Fe and Zn content of sorghum germplasm seeds had the highest Fe and Zn

seeds

Analysis of variance for Fe and Zn
concentrations in sorghum germplasm seeds
revealed genotypes, lines, and checks

significantly influenced Fe content, while Zn
content obtained no significant effects from
these factors. The coefficient of variation for Fe
was relatively low, indicating reliable
measurement precision. Local varieties
exhibited the highest mean Fe concentration
(31.33 ppm), while both introduced lines and
national varieties showed comparable Fe
levels, ranging from 20.01 to 23.49 ppm.
Similarly, the highest mean Zn concentration
resulted in local varieties (20.47 ppm),
followed by national varieties (19.57 ppm) and
introduced lines (19.48 ppm) (Table 7). The
lack of significant differences in Zn
concentration among genotypes suggests
limited genetic variability for this trait within
the evaluated accessions.

These findings align with Kamal et al.
(2023), who reported that smaller sorghum
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concentrations. The Fe and Zn contents of each
evaluated genotype appear in Table 8. Previous
studies have shown that Fe and Zn
concentrations in sorghum grains typically
range around 30 and 20 ppm, respectively,
comparable to levels observed in wheat (Zhao
et al., 2009; Gaddameedi et al., 2022). In the
presented study, the local variety Pulut 3
exhibited the highest Fe concentration (54.45
ppm), exceeding all control varieties.
Meanwhile, genotype Soraya 3 showed the
greatest Zn concentration (25.28 ppm). Among
the control varieties, Fe concentrations ranged
from 16.10 to 21.80 ppm, while Zn
concentrations varied between 19.70 and
22.30 ppm.

Enhanced Fe accumulation in sorghum
grains holds considerable potential for
biofortification efforts aimed at improving
nutritional quality and addressing micronutrient
deficiencies. Local or regional varieties with
elevated mineral content represent valuable
genetic resources for developing nutrient-
enriched sorghum cultivars. The observed
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Table 8. Fe and Zn seed content of sorghum germplasms.

Genotype Fe (ppm) Zn (ppm)
431 17.80 15.90
5D x 160 25.75 20.10
Demak 2 23.45 19.85
IS 18551 23.25 19.10
IS 23509 24.65 23.85
K905 19.35 19.60
KP62R6 30.45 18.10
KP64R6 24.35 19.85
M-4 22.35 19.35
NS2-107 13.10 16.30
NS2-108 25.80 17.40
NS2-112 18.85 17.90
NS2-114 16.75 18.85
NS2-115 15.95 16.60
NS2-116 20.15 18.20
NS2-119 18.70 20.75
NS2-12 18.90 18.95
NS2-121 19.80 20.95
NS2-122 17.40 18.75
NS2-123 18.25 18.60
NS2-126 23.15 22.55
NS2-129 19.85 19.40
NS2-15 31.00 20.20
NS2-156 23.40 24.90
NS2-168 21.00 19.60
NS2-19 19.35 17.25
NS2-21 19.85 17.45
NS2-22 16.95 18.00
NS2-24 20.40 19.35
Pulut 3 54.45 21.30
Soraya 3 20.37 25.28
Sorgum Manis 19.05 13.40
UPCA-SI 18.65 16.50
Bioguma 1 21.82 19.68
Demak 4 16.10 20.25
Numbu 20.77 21.33
Samurai 2 21.28 20.40
Soper 6 20.00 22.27

genetic variability in Fe and Zn concentrations
underscores the opportunity to identify alleles
associated with superior nutritional profiles,
contributing to both germplasm conservation
and the strategic utilization of genetic
resources for food security and sustainable
agricultural production (Kebede et al., 2023).

The study also revealed a high broad-sense
heritability value for Fe content (94.46%),
indicating strong genetic control and a high
likelihood of successful transmission to
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subsequent generations. Such high heritability
suggests that Fe concentration can serve as an
effective  selection criterion in sorghum
breeding programs. Consequently, genotypes
exhibiting superior Fe content—such as Pulut
3—represent promising parental materials for
biofortification-oriented breeding. A
comprehensive  exploration of available
germplasm could further uncover valuable
genetic resources for enhancing the nutritional
quality of sorghum (Babiker et al., 2024).
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Figure 1. Phenotypic correlation coefficients for 14 traits. Zn =
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Zn grain content, Fe = Fe grain

content, TSW = thousand-seed weight, SWP = seed weight per panicle, PW = panicle weight, PD =
panicle diameter, PL = panicle length, DM = days to maturing, DF = days to flowering, GLI = green
leaf index, SD = stem diameter, FLA = flag leaf area, LN = leaf number, and PH = plant height.

Traits correlation

Correlation  analysis disclosed a highly
significant positive correlation between seed
weight per panicle and both plant height (r =
0.50) and leaf number (r = 0.47) (Figure 1).
Increased plant height often implies an
association with a higher leaf number, which
expands the photosynthetically active surface
area and enhances assimilate production,
thereby supporting more efficient grain
development (Mingnan et al., 2017). Among
yield-related traits, seed weight per panicle
showed strong positive correlations with
panicle diameter (r = 0.77), panicle weight (r
= 0.95), and thousand-seed weight (r = 0.57).
These findings align with Thant et al. (2021)
and Rohila et al. (2022), who reported that
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plant height, panicle diameter, and panicle
weight exert substantial positive effects on
both seed weight per panicle and thousand-
seed weight. Such strong inter-trait
relationships indicate simultaneous
improvement of these traits could effectively
enhance sorghum yield potential.

A significant positive correlation (r =
0.42) was also evident between Fe and Zn
concentrations, suggesting a shared genetic
basis for their co-expression. According to
Thakur et al. (2024), Fe concentration in
sorghum received influences from both additive
and non-additive gene actions, indicating
stable inheritance across generations and clear
expression in early segregating progeny. The
positive association between Fe and Zn content
is consistent with findings by Qureshi et al.
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(2022), supporting the feasibility  of
simultaneous improvement of these traits
through breeding—particularly within
biofortification = programs. Enhancing Fe
concentration could, thus, concurrently
increase Zn levels, simplifying selection
strategies by allowing one micronutrient to
serve as an indirect selection proxy for the
other.

Interestingly, thousand-seed weight
exhibited a significant negative correlation with
Fe concentration, whereas panicle length
showed a positive association. Genotypes with
heavier seeds generally contained lower Fe and
Zn concentrations, corroborating the results of
Kamal et al. (2023), who reported smaller
sorghum seeds tend to have higher levels of Fe
and Zn. The negative correlation between
agronomic traits and seed Fe and Zn content
refers to sink capacity and activity. As energy
and nutrients reach an increasing allocation for
vegetative growth and seed development, the
accumulation of micronutrients in seeds
becomes limited (Otwani et al., 2025).

CONCLUSIONS

The evaluated sorghum (Sorghum bicolor L.)
germplasm exhibited considerable genetic
variability across agronomic and nutritional
traits. Leaf number, flag leaf area, green leaf
index, days to flowering and maturity, panicle
diameter, panicle weight, and thousand-seed
weight demonstrated moderate to high
heritability. This indicates strong genetic
control and potential for selection in breeding
programs. Among micronutrients, Fe content
showed broad variability and high heritability,
while Zn content displayed relatively low
variation and heritability. All evaluated traits,
except green leaf index and panicle length,
signified a positive correlation with seed weight
per panicle. Fe and Zn contents expressed no
significant correlation with panicle weight or
seed weight per panicle. Based on mean
performance and heritability  estimates,
national varieties emerged as promising
candidates for yield improvement, whereas
local varieties possess potential for
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biofortification breeding to enhance Fe and Zn
concentrations.

ACKNOWLEDGMENTS

The authors are grateful to the Muara Experimental
Field for support in providing research facilities and
technical assistance. They also thank all parties in
this research. The authors further extend
appreciation to all collaborators and research staff
who contributed to the successful completion of this
study.

REFERENCES

Abdelhalim TS, Abdelhalim NS, Kamal NM, Mohamed
EE, Hassan AB (2021). Exploiting the
potential of Sudanese sorghum landraces in
biofortification: Physicochemical quality of
the grain of sorghum (Sorghum bicolor L.
Moench) landraces. Food Chem.
337:127604.

Abebe S, Mekonnen A, Hassen A, Seid N (2023).
Role of plant breeding in nutritional quality
improvement of sorghum (Sorghum bicolor
L. Moench). Res. J. Agric. Biol. Sci. 39(6):
1-5.

Ardiyanti SE, Sopandie D, Wirnas D,

Trikoesoemaningtyas (2019). Ratoon

productivity of sorghum breeding lines

(Sorghum bicolor (L.) Moench). IOP Conf.

Ser. Earth Environ. Sci. 399: 012030. doi:

10.1088/1755-1315/399/1/012030.

SA, Khair MA, Ali AA, Abdallah MA,

Hagelhassan AM, Mohamed EI, Kamal NM,

Tsujimoto H, Tahir IS (2024). Multi-

locational evaluation of forage-suited

selected Sudan pearl millet [Pennisetum
glaucum (L.) R. Br.] accessions identified

Babiker

high-yielding and stable genotypes in
irrigated, arid environments. Crops 4(2):
195-210.

Chirivi D, Betti C (2023). Molecular links between
flowering and abiotic stress response: A
focus on Poaceae. Plants 12(2): 331.
https://doi.org/10.3390/plants12020331.

Endalamaw C, Tsegaye D, van Biljon A, Herselman L,
Labuschagne M (2025). Kernel composition
in sorghum landraces revealed via analyses
of genotype-by-environment interactions.
PLoS One 20(4): e0320513.

Ernawati F, Efriwati, Nurjanah N, Aji GK, Hapsari
Tjandrarini D, Widodo Y, Retiaty F, Prihatini
M, Arifin AY, Sundari D, Rachmalina R,



Ahmadifauzan et al. (2026)

Salimar, Julianti ED, Aidi MN, Syauqy A
(2023). Micronutrients and nutrition status
of school-aged children in Indonesia. J. Food
Nutr.  Metab. 2023: 4610038. doi:
10.1155/2023/4610038.

Fanzo ], Arabi M, Burlingame B, Haddad L, Kimenju
S, Miller G, Nie FE, Recine E, Serra-Majem
L, Sinha D (2017). Nutrition and food
systems. HLPE-FSN. pp. 9.

Federer WT (1961). Augmented designs with one-
way elimination of heterogeneity. Biometrics
17(3): 447-473. https://doi.org/10.2307/
2527837.

Gaddameedi A, Sheraz S, Kumar A, Li K, Pellny T,
Gupta R, Wan Y, Moore KL, Shewry PR
(2022). The location of iron and zinc in grain
of conventional and biofortified lines of
sorghum. J. Cereal Sci. 107: 1-7.
https://doi.org/10.1016/j.jcs.2022.103531

Hallosehat (2024). 15 Fungsi Zinc Bagi Tubuh
Manusia. https://halosehat.com/gizi-
nutrisi/panduan-gizi/fungsi-zinc-.

Honestdocs (2024). Fungsi dan Manfaat Zat Besi
Yang Paling Utama Bagi Tubuh.
https://www.honestdocs.id/fungsi-dan-
manfaat-zat-besi-.

ICAR-IIMR (Indian Institute of Millets Research)
(2024). Annual Report 2023.
Rajendranagar, Hyderabad, India, pp. 180.

Inzaghi E, Pampanini V, Deodati A, Cianfarani S
(2022). The effects of nutrition on linear
growth. Nutrients. 14(9):1752.

Kamal NM, Gorafi YS, Tomemori H, Kim ]S, Elhadi

GM, Tsujimoto H (2023). Genetic variation

for grain nutritional profile and vyield

potential in sorghum and the possibility of
selection for drought tolerance under

irrigated conditions. BMC Genomics. 24(1):

515.

G, Worku W, Feyissa F, Jifar H (2023).

Genotype by environment interaction and

stability analysis for selection of superior

fodder yield performing oat (Avena sativa

L.) genotypes using GGE biplot in Ethiopia.

Ecol. Genet. Genom. 28: 100192.

MVN, Ramya V, Maheshwaramma S,

Ganapathy KN, Govindaraj M, Kavitha K,

Vanisree K (2023). Exploiting Indian

landraces to develop biofortified grain

sorghum with high protein and minerals.

Front. Nutr. 10:1228422.

Ofosu FK, Elahi F, Daliri EB, Tyagi A, Chen XQ,
Chelliah R, Kim JH, Han SI, Oh DH (2021).
UHPLC-ESI-QTOF-MS/MS  characterization,
antioxidant and antidiabetic properties of
sorghum grains. Food chem. 337:127788.

Otwani D, McLean G, Hammer G, Cruickshank A,
Hunt C, Tao Y, Koltunow A, Mace E, Jordan

Kebede

Kumar

602

D (2025). Extended grain filling has
potential to improve yield in grain sorghum.
J. Exp. Bot. 76(10):2763-74.

Qu M, Zheng G, Hamdani S, Essemine ], Song Q,
Wang H, Chu C, Sirault X, Zhu XG(2017).
Leaf photosynthetic parameters related to
biomass accumulation in a global rice
diversity survey. Plant Physiol. 175: 248-
258. https://doi.org/10.1104/pp.17.00332.

Qureshi MT, Ahmad MF, Igbal N, Waheed H, Hussain
S, Brestic M, Anjum A, Noorka IR (2022).
Agronomic bio-fortification of iron, zinc and
selenium enhance growth, quality and
uptake of different sorghum accessions.
Plant Soil Environ. 67(10): 549-557.

Rohaeni WR, Susanto U (2021). Fe and Zn content of

various genetic background of released rice

varieties in Indonesia. ICoSA 2020. IOP

Conf. Ser. Earth Environ. Sci. 752: 012057

IOP Publishing.

WR, Suwarno WB, Susanto U,
Trikoesoemaningtyas, Ghulamahdi M,
Aswidinnoor H (2023a). Genetic diversity,
heritability, and accumulation patterns of Zn
content in biofortified rice. Biodiversitas.
24(1).

WR, Trikoesoemaningtyas, Susanto U,
Ghulamahdi M, Suwarno WB, Aswidinnoor H
(2023b). Phytic acid content in biofortified
rice lines and its association with
micronutrient content and grain yield of rice.
SABRAO J. Breed. Genet. 55 (5): 1629-
1640.

Rohila N, Arya S, Pahuja SK, Kumari PU, Panchta RA
(2022). Genetic diversity among forage
sorghum (Sorghum bicolor L. Moench)
genotypes. Forage Res. 48(1): 28-30.

Samudin S, Jeki J, Maemunah M, Amelia R, Paiman P
(2023). Genetic parameters of various local
corn cultivars in high salinity stress. IOP
Conf. Ser. Earth Environ. Sci. 1253:
012037.

Sanna A, Firinu D, Zavattari P, Valera P (2018). Zinc
status and autoimmunity: A systematic
review and meta-analysis. Nutrients 10(1):
68.

Sharif YO, Madab DS, Hindi HA (2024). Estimation of
path analysis and genetic parameters for
sorghum (Sorghum bicolor (L.) Moench)
varieties in different environments. IOP
Conf. Ser. Earth Environ. Sci. 1371(5):
052035. IOP Publishing.

Somu G, Meena N, Badigannavar A (2025). Exploring
genetic variability for morphological and
yield contributing traits in sorghum
(Sorghum bicolor (L.) Moench) germplasm
from Southern India. Genet. Resour. Crop
Evol. 72(5):5179-94.

Rohaeni

Rohaeni


https://doi.org/10.2307/

SABRAO J. Breed. Genet.58 (2) 591-603. http://doi.org/10.54910/sabrao2026.58.2.10

Suroya LF, Wirnas D, Trikoesoemaningtyas (2023).
Identification of waxy genotype in sorghum
genetic resources using waxy gene-based
markers and iodine staining methods. Aust.
J. Crop Sci. 17(2):190-197.
doi:10.21475/ajcs.23.17.02.p3784.

Taylor J, Duodu KG (2018). Sorghum and Millets:
Chemistry, Technology, and Nutritional
Attributes. 2nd edition. Elsevier.

Thakur NR, Gorthy S, Vemula A, Odeny DA, Ruperao
P, Sargar PR, Mehtre SP, Kalpande HV,
Habyarimana E (2024). Genome-wide
association study and expression of
candidate genes for Fe and Zn concentration
in sorghum grains. Sc. Rep. 14(1): 12729.

Thant S, Kumari PU, Pahuja SK, Tokas JA, Yashveer

SH (2021). Identification of dual type

sorghum genotypes based on correlation

and path coefficient studies. Forage Res.

46(4): 302-207.

(2024). Micronutrient.
https://www.who.int/news-room/fact-
sheets/detail/malnutrition.

WHO URL:

603

Wirnas D, Oktanti N, Rahmi HN, Andriani D, Rini EP,
Marwiyah S, Sopandie D (2021). Genetic
analysis for designing an ideotype of high-
yielding sorghum based on existing lines
performance. Biodiversitas. 22(12): 5286-
5292.

Xiong Y, Zhang P, Warner RD, Fang Z (2019).
Sorghum grain: From genotype, nutrition,
and phenolic profile to its health benefits
and food applications. Compr. Rev. Food
Sci. Food Saf. 18(6): 2025-2046.

Zabuloni BL, Shimelis H, Abady Tesfamariam S,
Labuschagne M, Botha E (2025). Progress in
sorghum improvement for early maturity,
harvest index, and water-use efficiency:
Proxy traits for integrative drought tolerance
breeding. Food Energy Secur.
14(3):e70093.

Zhao FJ, Su YH, Dunham SJ, Rakszegi M, Bedo Z,
McGrath SP, Shewry PR (2009). Variation in
mineral micronutrient concentrations in
grain of wheat lines of diverse origin. J.
Cereal Sci. 49(2):290-5.



