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ABSTRACT

A study was conducted during Rabi, 2024- 2025 at S.V. Agricultural college, Wet land Farm, Tirupati,
ANGRAU, Andhra Pradesh on Foxtail millet comprising of 40 genotypes along with two checks viz.,
SiA 3156 and SiA 3159 in Alphal lattice design to study gene actions governing yield components and
nutritional traits through the estimation of genetic parameters. The genotypes such as SiA 4244, SiA
4251 and IIMR F x M15 were found superior for most of the characters and had the high per se
performance studied and may be utilized in hybridization programs. Genotypes SiA 4261, SiA 4312, and
SiA 4346 for protein content; SiA 4256, SiA 4228, and GPUF 16 for iron content and IIMR F x M12,
SiA 4330 and SiA 4346 for zinc content were found superior. Moderate to high PCV and GCV,
heritability and genetic advance as percentage of mean recorded for number of productive tillers per
plant, flag leaf length at flowering, flag leaf width at flowering, panicle length and plant height straw
yield per plant, grain yield per plant, iron, zinc and protein content suggested that these traits are under
the control of additive gene action and genetic improvement can be done by simple selection strategies
for these traits. SPAD Chlorophyll Meter Readings (SCMR), relative water content (%), days to 50%
flowering ,1000 grain weight and harvest index exhibited low to moderate variability coupled with high
heritability and moderate genetic advance as a percentage of the mean indicated that both additive and
non-additive gene actions were involved in the inheritance of the traits. Days to maturity had low
variability and high heritability coupled with low genetic advance indicating the predominance of non-
additive gene action in controlling the trait and simple selection may not be rewarding.
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Introduction

Foxtail millet (Setaria italica (L.) P. Beauv.] is a
self-pollinating, C4 monocot cereal crop. Foxtail millet
(Setaria italica (L) with a rich history of cultivation
dating back to 5000-6000 BC along the Yellow River
in China (Li and Wu,1996). It is an important staple
crop in some parts of China, India and Japan, and a
potential bioenergy source. In India, foxtail millet is
cultivated on about 0.8 lakh hectares area with 0.6 lakh
tonnes production in Andhra Pradesh, Karnataka,
Telangana, Rajasthan, Maharashtra, Tamil Nadu and
north eastern states (Hariprasanna ,2023 and
Pine,2020). Foxtail millet is an important staple crop
extensively for cultivated for food grain, hay and
pasture food and is referred as Italian millet. It is

tolerant to both biotic and abiotic stresses. Foxtail
millet grains are rich source of nutrients such as
protein, minerals (calcium, iron, zinc, potassium,
magnesium) and vitamins in addition dietary fibre
(Rai, 2002 and Srilatha et al., 2020). It has a moderate
glycemic index and is a good source of B-carotene
(Murugan and Nirmalakumari, 2006 and Coulibaly and
Chen, 2011). It is not only widely used as an energy
source for pregnant and lactating women, but also for
sick people and children, and especially for diabetics.
It reduces blood sugar concentration in women
diabetics (Sema and Sarita, 2002). The grains have
long shelf-life, a preferable attribute (Ravi et al.,
2010). It has been suggested to use foxtail millet
protein as a food component to fight type 2 diabetes
and cardiovascular diseases (Choi et al,, 2005). The
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phenolics in foxtail millet act as antioxidants by
reducing the amount of free radical produced in the
body. It is non-acidic and non-glutinous, making it
easily digestible, also it facilitates the gradual release
of sugars in the body without disrupting metabolic
processes (Gupta et al,, 2013). Moreover, it exhibits
antimicrobial properties, possesses anti-tumorigenic
potential and aids in detoxifying the body (Thakur and
Tiwari, 2009). Despite the foxtail millet being
beneficial to health, it remained a neglected crop from
the mainstream of crop improvement research
compared to cereals such as maize, rice, wheat,
sorghum and pearl millet. Improving millet grain yield
is crucial for enhancing food security, nutrition and
economic stability, especially in developing countries.

Grain yield is a complex trait influenced by both
genetic and environmental factors. Selection only for
yield is ineffective as yield is complex trait (Madhavi
Latha et al.,, 2022 a& b). Phenotypic variance allows
breeders to assess the overall variability in yield and
yield related traits. On other hand, genotypic variance
quantifies the genetic contribution to trait variability.
Heritability indicates how much of a trait variation is
due to genes (Schmidt er al, 2019). Thus, genetic
parameters assist the breeder in developing effective
selection strategies in crop breeding. Heritability
estimates along with genetic advances will be more
reliable in formulating suitable and effective breeding
methods and formulating suitable selection procedures
(Johnson et al., 1955) Therefore, more effective
approach is to make for selection of traits that
contribute to yield (Muniratnam et al., 2006) Genetic
variability studies for the identification of trait-specific
genotypes for various agronomic and nutritional traits
are lacking in foxtail millet and are hence seldom used
in breeding.In the present study an attempt has been
made to assess the amount of variability present among
the genotypes for yield components and nutritional
traits, study the nature of gene action associated with
traits of economic importance, identify the traits which
are amenable for selection and find out foxtail millet
genotypes that produce high yield.

Materials and Methods

The experiment was carried out during Rabi,
2024-2025 at S.V. Agricultural college, Wet land
Farm, Tirupati, ANGRAU, Andhra Pradesh, located at
an altitude of 182.9 meters above the mean sea level,
13° N latitude and 79° N longitude. The experimental
material comprised of 40 genotypes of foxtail millet
including two checks viz., SiA 3156 and SiA 3159

were laid out in Alpha lattice design with two
replications. All the genotypes were raised in two rows
of 3m length with a spacing of 22.5 cm between the
rows and 10 cm between plants. All the recommended
packages of practice were followed in raising a healthy
crop.

Data were recorded from five randomly sampled
competitive plants plants from each genotype and in
each replication for yield component traits except for
days to 50% flowering and days to maturity, for which
data were recorded on per plot basis. Observations
recorded on yield components include plant height
(cm), number of productive tillers per plant, flag leaf
length and width at flowering (cm), panicle length
(cm), 1000 grain weight (g), straw yield per plant (g)
and grain yield per plant (g).

SPAD Chlorophyll Meter Reading at 45 DAS was
recorded using SCMR chlorophyll meter on the third
leaf from top at three spots viz., top, middle and lower
portion of the leaf top of the plant and mean was
considered as trait value. Relative Water Content (%)
calculated using the formula given by Barr and
Weatherley (1962). The harvest index was calculated
for each genotype by applying the following formula
(Donald,1962).  Iron Content and Zinc Content
(mg/100g) in grains were estimated as per procedure
given by Tandon (1999). The Nitrogen content (%) in
the grounded flour sample was estimated by Micro
Kjeldahl method and Protein content (%) was
estimated as described by Sadasivam and Manickam
(1996). The analysis of variance was conducted using
the Panse and Sukhatme (1957) model. Burton (1952)
and Sivasubramanian and Madhava Menon (1973)
formulas were employed to calculate the phenotypic
coefficient of variation (PCV) and genotypic
coefficient of variation (GCV). Broad-sense
heritability (h?) was determined using the Lush (1940),
Burton and De Vane (1953 and Singh and Chaudhary,
1977) formula. Genetic gain was assessed utilizing
formulas proposed by Lush (1940 and Johnson et al.,
1955)

Results and Discussion

The analysis of variance revealed significant
differences among 40 genotypes for all the yield
components and nutritional traits under study,
indicating the presence of substantial amount of
genetic variability among the genotypes (Table 1).
Comparable findings were also reported by Upadhyaya
et al., 2011 and Zhang et al., 2023 in foxtail millet.
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Table 1: ANOVA for grain yield, yield components and nutritional traits in Foxtail millet
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Mean squares
S. No. Trait(s) Replications Genotypes Blocks Error
(df:1) (df:39) (df:6) (df:33)
1. Days to 50% flowering 0.20 20.50* 0.63 0.58
2. Days to maturity 6.05 13.98%* 1.75 2.29
3. Plant Height (cm) 23.28 223.11%* 8.68 25.16
4. Number of Productive Tillers per Plant 0.001 0.281** 0.011 0.026
5. SCMR Reading 0.25 22.06%* 1.45 0.81
6. Relative Water Content (%) 19.68 70.62%* 17.81 10.10
7. Flag Leaf Length at Flowering (cm) 4.64 28.28** 10.61 4.50
8. Flag Leaf Width at Flowering (cm) 0.005 0.11%* 0.002 0.021
9. Panicle Length (cm) 1.07 10.74%* 0.28 0.60
10. 1000 grain weight (g) 0.0002 0.187** 0.06 0.03
11 Straw Yield per Plant (g) 0.05 15.08%* 0.25 1.00
12 Harvest Index (%) 22.70 36.41%* 3.24 6.07
13 Iron Content (mg/100g) 0.01 5.71%* 0.05 0.02
14 Zinc Content (mg/100g) 0.01 1.70%* 0.01 0.04
15 Protein Content (%) 0.07 9.43%% 0.05 0.15
16 Grain Yield per Plant (g) 1.04 6.03%* 0.33 0.34

** Significant at 1% Probability level

Mean performance

Mean is a simple statistic used in plant breeding to
quantify  phenotypic  variability and eliminate
undesirable genotypes. The general mean, maximum
and minimum mean values and the top three genotypes
that were significantly superior to the general mean of
the traits studied were presented in Table 2. None of
the genotypes had shown superior performance for all
the traits. The genotypes viz., SiA 4244, SiA 4251 and
IIMR F x M15 performed exceptionally well for most
of the yield-attributes and had the high per se
performance, along with the two best standard checks
SiA 3156 and SiA 3159. When compared to two
standard checks, genotypes SiA 4261, SiA 4312, and
SiA 4346 were found to have higher protein content.
Similarly, SiA 4256, SiA 4228, and GPUF 16 were
recognized as superior for iron content, while IMR F x

M12, SiA 4330, and SiA 4346 had higher zinc content.
In addition to grain yield, SiA 4244 demonstrated
superior performance for the traits viz., flag leaf width,
panicle length, harvest index and 1000 grain weight.
Similarly, SiA 4251 exhibited superior performance for
grain yield per plant, relative water content, flag leaf
length, flag leaf width and1000grain weight. While
IIMR F x M15 recorded superior performance for plant
height, number of productive tillers per plant, relative
water content, flag leaf length, and straw yield per
plant. Therefore, these genotypes can be employed for
trait-specific breeding to produce transgressive
segregants for commercial exploitation followed by
multi location testing. Similar findings were reported
by Madhavi Latha et al., (2022a & b and Suthamathi et
al., 2025).

Table 2: Mean, range and superior genotypes identified foe grain yield, yield components and nutritional traits in

foxtail millet.

l\SI;) Trait(s) Mean | Minimum | Maximum Superior genotypes identified

1 |Days to 50% Flowering 49.2 42.5 55.0 SiA 4243, SiA 3156, SiA 4363

2 |Days to Maturity 87.9 83.5 91.5 SiA4305, SiA 4346, SiA3156

3 |Plant Height (cm) 81.9 63.3 108.8 IIMR Fx M15, IIMR Fx M17, SiA 4251
4 |Number of Productive Tillers per Plant | 1.5 1.0 2.7 SiA 4316, IIMR FxM15, SiA 4361

5 |SCMR Reading 40.4 33.8 49.1 SiA 4229, IIMR F x M17, TNsi 390

6 |Relative Water Content (%) 84.2 73 96.1 IIMR Fx M15, SiA 4251, SiA 3159

7 |Flag Leaf Length at Flowering (cm) 28.0 19.3 34.8 IIMR Fx M12, IIMR Fx M15, SiA 4251
8 |Flag Leaf Width at Flowering (cm) 1.6 1.2 2.2 SiA 4244, SiA 4251, SiA 4232

9 |Panicle Length (cm) 13.0 7.2 18.1 SiA 3159, SiA 4244, SiA 4316

10 |Thousand Grain Weight (g) 2.8 2.2 3.2 SiA 4336, SiA 4251, SiA 4244

11 |[Straw Yield per Plant (g) 11.1 6.3 18.6 IIMR Fx M15, SiA 4316, SiA 4254




3410

Trait based breeding strategies for enhancing grain yield and nutritional traits in foxtail millet

(Setaria italica L. P. beauv)

12 |Harvest Index (%) 36.8 30.5 45.4 SiA 4244, SiA 3156, SiA 4336

13 |Iron Content (mg/100g) 4.3 1.3 6.5 SiA 4256, SiA 4228, GPUF 16

14 |Zinc Content (mg/100g) 4.1 1.7 6.1 IIMR Fx M12, SiA 4330, SiA 4346

15 |Protein Content (%) 10.2 6.9 15.1 SiA 4261, SiA 4312, SiA 4346 and and and
16 |Grain Yield per Plant (g) 6.4 3.6 11.5 SiA 4244, SiA 3159, SiA 4251

Variability analysis

Estimates of genetic parameters for yield, yield
components and nutritional traits were presented in
Table 3. Genetic and environmental factors contribute
to variation within populations. While genetic
variability  is  heritable  across  generations,
distinguishing between heritable and non-heritable
traits poses challenges for breeders during the selection
process. Therefore, before initiating a thoughtful
breeding effort, breeders need to differentiate between
traits that are heritable and those that are not. In the
present study traits such as number of productive tillers
per plant (25.60 and 23.30), straw yield per plant
(25.40 and 23.90), iron content (38.70 and 38.50), zinc
content (22.70 and 22.10), protein content ( 21.43 and
21.10) and grain yield per plant (27.50 and 25.90)
recorded higher PCV and GCV  estimates while
Plant height (13.50 and 12.10), flag leaf length at
flowering (14.50 and 12.10), flag leaf width at
flowering (15.60 and 13.00), panicle length (18.20 and
17.20), 1000 grain weight (11.80 and 9.60) and
harvest index (12.40 and10.60) registered moderate
estimates of PCV and GCV values, respectively. The
traits, days to 50% flowering (6.60 and 6.40), days to
maturity (3.20 and 2.70), SPAD meter reading (8.30
and 8.00) and relative water content (7.50 and 6.40)
showed lower estimates of PCV and GCV values.
Similar studies reported by Smita et al., 2016; Singh et
al., 2016; Jyothsna et al., 2016; Sachan, 2017; Kavya
et al., 2017; Ayesha et al. 2019; Pawan Kumar, 2019;
Anuradha et al., 2017, 2019 and 2020; Jhansi Rani et
al., 2020; Kamal et al, 2021; Bhakuni et al.,2021;
Harish and Lavanya, 2022; Karvar et al, 2023;
Dhanish Kumar et al., 2023; Zhang et al., 2023; and
Purusothama Rao and Chaturvedi, 2025).

Heritability and Genetic advance are crucial in
crop improvement. In the present study, higher
estimates of broad sense heritability were recorded for
all the 16 traits studied making them ideal for selection
in breeding programs. These results agree with the
findings of Tyagi et al., 2011; Jyoshna et al., 2016;
Amarnath et al., 2018; Kumar et al., 2019; Anand et
al., 2020; Venkatesh et al., 2020; Pallavi et al., 2020
and Yadav et al., 2024) Moderate to high genetic
advance over mean were observed for SPAD meter
reading (15.93), relative water content(11.49), days to
50% flowering (12.80), 1000grain weight (15.93),

harvest index (18.56), flag leaf length at flowering
(21.01), flag leaf width at flowering (22.40), plant
height (22.53), panicle length (33.70 ), protein content
(42.84), number of productive tillers per plant (43.90),
straw yield per plant (46.30), grain yield per plant
(42.84), iron (79.01) and zinc (74.40) while low
genetic advance over mean was noted for days to
maturity (4.82).Similar findings were reported in
foxtail millet by several researchers (Johar et al.,2015;
Smita et al., 2016; Kumar et al., 2019; Pavani, 22019;
PawanKumar, 2019; Anuradha et al., 2017, 2019 and
2020; Venkatesh et al., 2020; Srilatha et al. 2020;
Karvar et al., 2021 and Ayesha et al., 2024).

Genetic advance measures the potential extent a
population can progress through selection. While
heritability alone may not consistently indicate
substantial genetic gains, it becomes significant when
coupled with a high genetic advance. Higher PCV,
GCV, heritability and genetic advance as percentage of
mean recorded for number of productive tillers per
plant, straw yield per plant, grain yield per plant, iron,
zinc and protein content suggests that these traits are
under the control of additive gene action and genetic
improvement can be done by simple selection for these
traits. The other traits such as flag leaf length at
flowering, flag leaf width at flowering, panicle length
and plant height with moderate PCV, GCV coupled
with high heritability and genetic advance as
percentage of mean indicated that these traits are
strongly influenced by genetic factors and can be
improved through traditional breeding methods. These
traits predominantly under the control of additive gene
action and genetic improvement can be done by simple
selection for these traits. Plant height with moderate
PCV and GCV, high heritability coupled with genetic
advance as percent of mean suggested that the trait is
under the control of additive gene action. Emphasis
should be given for these traits while making selection
SPAD Chlorophyll Meter Readings (SCMR), relative
water content (%), days to 50% flowering showed low
PCV and GCV, high heritability coupled with
moderate genetic advance as percentage of mean
reveals the operation of both additive and non-
additive gene action. Similarly for 1000 grain weight
low to moderate variability, high heritability coupled
with moderate genetic advance as percentage of mean;
harvest index with moderate PCV, GCV and high
heritability coupled with moderate genetic advance as
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percentage of mean suggests the involvement of both
additive and non-additive gene action in the inheritance
of the traits. This also suggests that genetic
improvement can be achieved through traditional
breeding methods, as well as by harnessing non-
additive gene interactions. Days to maturity showed
low variability and high heritability coupled with low
genetic advance indicating the predominance of non-
additive gene action and simple selection may not be
rewarding for the trait. This indicates that improvement
through selection and breeding might be limited. This
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could be due to the involvement of non-additive gene
actions, where gene interactions play a larger role than
individual genes. The high heritability and low genetic
advance observed in traits days to maturity indicate
that their expression is strongly influenced by
environmental factors and involves non-additive gene
action. These traits require specialized breeding
strategies and alternative approaches to achieve
significant improvement. Similar study was also
reported by Patel ef al. (2018).

Table 3 : Estimates of genetic parameters for yield, yield components and nutritional traits in foxtail millet.

. ) Coefficient of Variation Heritability Genetic Genetic Advance
No. Trait(s) (%) (bs) (%) Advance as per cent of
Genotypic Phenotypic mean (%)
1 |Days to 50% Flowering 6.40 6.60 94.46 6.31 12.80
2 |Days to Maturity 2.70 3.20 72.23 4.24 4.82
3 |Plant Height (cm) 12.10 13.50 80.65 18.46 22.53
4 [Humber of Productive Tillers perl 3 39 25.60 83.41 0.67 43.90
5 |SCMR Reading 8.00 8.30 92.48 6.45 15.93
6 |Relative Water Content (%) 6.40 7.50 73.68 9.67 11.49
7 |Flag Leaf Length at Flowering (cm) 12.10 14.50 70.09 5.88 21.01
8 |Flag Leaf Width at Flowering (cm) 13.00 15.60 69.37 0.36 22.40
9 |Panicle Length (cm) 17.20 18.2 89.74 4.40 33.70
10 |1000 grain Weight (g) 9.60 11.80 66.67 0.46 16.22
11 |Straw Yield per Plant (g) 23.90 25.40 88.21 5.14 46.30
12 |Harvest Index (%) 10.60 12.40 72.30 6.84 18.56
13 |Iron Content (mg/100g) 38.50 38.70 98.89 3.45 79.01
14 |Zinc Content (mg/100g) 22.10 22.70 94.87 1.82 44.40
15 |Protein Content (%) 21.10 21.43 97.01 4.37 42.84
16 |Grain Yield per Plant (g) 25.90 27.50 89.23 3.28 50.55

Conclusions

Based on mean performance of genotypes for
yield components, grain yield and nutritional traits, the
genotypes SiA 4244, SiA 4251 and IIMR F x M15
were found superior for most of the characters studied
and may be utilized in hybridization programs to bring
genetic improvement in foxtail millet. The genotypes
SiA 4261, SiA 4312, and SiA 4346 for protein content;
SiA 4256, SiA 4228, and GPUF 16 for iron content
and IIMR F x M12, SiA 4330 and SiA 4346 for zinc
content were found superior. Additive gene action for
number of productive tillers per plant, flag leaf length
at flowering, flag leaf width at flowering, panicle
length and plant height straw yield per plant, grain
yield per plant, iron, zinc and protein content while
both additive and non-additive gene actions were found
to govern the traits such as SPAD Chlorophyll Meter
Readings (SCMR), relative water content (%), days to
50% flowering, 1000 grain weight and harvest index.
Non additive gene actions were found predominant for
days to maturity. Simple selection may be exercised for

the traits governed by additive gene action while for
the traits governed by either non additive or both
additive and non-additive gene action, population
improvement and recurrent selection may be followed
for the improvement of the traits.
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