International Journal of Bioresource Science
Citation: IJBS: 13(01): 35-43, June 2026
DOI: 10.30954/2347-9655.01.2026.5

RESEARCH PAPER

id
‘ ASSOCIATION FOR AGRICULTURE

ENVIRONMENT AND BIOTECHNOLOGY

Effect of Nutrient Levels on Productivity, Profitability and
Stability of Pre-released Kodo Millet (Paspalum scrobiculatum

L.) Genotypes under Rainfed Conditions

Pushpa, K., Madhusudan, R.>, Mamatha., V.V.}, Sukanya, T.S.?, Palanna, K.B.! and

Prabhu, C.G.}

!AICRP on Small Millets, University of Agricultural Sciences, GKVK, Bengaluru, India
2AICRP on Sorghum and Small millets, ICAR-Indian Institute of Millets Research Campus, Rajendranagar, Hyderabad, Telangana,

India

®College of Agriculture, UAS, GKVK Bangalore, India

*Corresponding author: drpushpakrishna@gmail.com (ORCID ID: 0000-0002-5930-8902)

Received: 16-03-2026 Revised: 25-05-2026 Accepted: 06-06-2026

ABSTRACT

Kodo millet (Paspalum scrobiculatum L.) is a climate resilient nutri-cereal, which has tremendous potential
to improve food and nutritional security in rain-fed environments. To study the impact of nutrient levels
on the growth, yield, economics and stability of pre-released Kodo millet genotypes, a field experiment
was conducted at the Zonal Agricultural Research Station (ZARS), University of Agricultural Sciences,
Bengaluru, Gandhi Krishi Vigyana Kendra (GKVK), Karnataka during kharif season. This experiment was
designed in a Factorial Randomized Complete Block Design with three replications, four fertility levels
(control, 75% RDF, 100% RDF and 125% RDF) and three genotypes (KMV 588, TNAU 86 and JK 137). The
results indicated that the fertility levels and the genotypes of Kodo millet significantly affected growth,
yield and economic data. Increased levels of fertility resulted in better growth, yield attributes, yield,
straw yield, and profitability. The genotype TNAU 86 always performed well in terms of productivity
and economic returns. Stability analysis using Eberhart and Russell model showed that TNAU 86 had
high yield potential, extensive adaptability and stable performance in various fertility environments. The
study demonstrated that the use of 125% RDF gave improved productivity and profitability, with the
introduction of TNAU 86 as the most promising genotype in the sustainable cultivation of Kodo millet
under rain fed conditions.

HIGHLIGHTS

® Optimization of fertilizer levels substantially influenced growth, yield attributes, productivity, and
profitability of Kodo millet.

® Genotype-specific responses to fertility environments revealed TNAU 86 as a promising and stable
genotype for sustainable millet production.

Keywords: Nutrient doses, interaction effects, yield, profitability, stability analysis

The world is experiencing unprecedented challenges

in agriculture arising from the very rapid growth
of population, climate change, the degradation of
natural resources and the increasing demand for
nutritious food (Maitra et al. 2001; Banerjee and
Maitra, 2020). The unwanted circumstances due to
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climatic factors and other anthropogenic issues made

the major food grain production under a stressed
situation (Santosh et al. 2024; Maitra et al. 2026a).
The development of food and nutritional security
for an estimated population of almost 10 billion by
2050 will depend on the development of resilient
and sustainable agricultural production systems
(Mukesh et al. 2024; Sharma et al. 2025). The United
Nations Sustainable Development Goals (SDGs)
highlight the need for sustainable crop production
systems, with an increased productivity, nutritional
security, and environmental sustainability, especially
in “SDG 2 (Zero Hunger), SDG 1 (No Poverty), SDG
12 (Responsible Consumption and Production),
and SDG 13 (Climate Action)”. Researchers and
policy makers around the globe are now focused on
developing crops that can withstand climate change
and continue to yield food even in challenging
environments (Joshi et al. 2025; Maitra et al. 2026b,c).

Millets are one of the most important climate-smart
crops, because they are drought resilient, have
low input requirements and can achieve economic
yields in marginal environments (Maheswari et al.
2025). They provide a high concentration of dietary
fibre, proteins, minerals, vitamins and bioactive
compounds and are therefore known as “nutri-
cereals” that play a role in food and nutritional
security (Shikha et al. 2024). In recent years,
millets have been recognized for their potential
contribution to sustainable food systems, dietary
diversity, and climate change resilience, especially
in rain-fed agricultural areas (Brahmachari ef al.
2019; Warisa et al. 2025).

Kodo millet is a small millet grain crop that is
mainly grown in India, as well as in some Asian
and African countries, and is one of the oldest
grains in cultivation. The crop is well adapted to
areas with poor soil fertility, drought and irregular
rainfall and can be grown in marginal and resource
poor areas in which major cereals would often
fail (Maitra et al. 2020; Mishra ef al. 2025). Kodo
millet grains are of high nutritional quality and
have significant amounts of dietary fibre, proteins,
minerals, antioxidants and phenolic compounds, all
of which have a beneficial impact on human health
and nutrition (Deshpande et al. 2015). Because of
its characteristics, Kodo millet has now become a
significant crop for sustainable agriculture and food
security programs that can resist climate change.
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The production of Kodo is still significantly lower
than the potential yield. Inadequate and imbalanced
nutrient management is responsible for one of the
major factors that has contributed to this yield
gap. Kodo millet is a low input crop but balanced
fertilizer application has been shown to have
considerable improvement in crop growth, nutrient
uptake, yield attributes and grain yield in the millet-
based cropping systems (Raj et al. 2024). Nutrient
management, besides increasing productivity, also
helps in improving the nutrient-use efficiency and
the economic returns and in turn contributes to
sustainable crop production (Maitra et al. 2025).

Proper use of agricultural inputs is becoming more
significant in modern agricultural practices due to
the negative impacts of over or under application
of fertilizers on productivity, profitability and
environmental quality (Sairam et al. 2025). Precision
nutrient management focuses on meeting nutrient
demand by crop and synchronizing nutrient supply
to minimize nutrient loss and maximize fertilizer-
use efficiency (Mangaraj et al. 2025). New research
on nutrient management suggests that available
knowledge on the importance of optimizing
fertilizer levels for crop needs could lead to greater
yield stability, resource use efficiency, and rain-
fed production sustainability (Sairam et al. 2023;
Atapattu et al. 2025). These methods are especially
important in the case of Kodo millet which is often
grown in nutrient poor soils and environments.

Another significant factor affecting crop productivity
is genotypic variability of nutrient responsiveness.
Genotype differences exist in growth traits, nutrient-
use efficiency, and biomass partitioning, which might
lead to variations in nutrient uptake, availability,
and conversion to economic output of different Kodo
millet genotypes. Identification of genotypes that
are consistent under different fertility conditions is
therefore critical for the development of site-specific
recommendations and for improving productivity
of crops. Stability analysis is an effective way to find
high yielding and widely adapted genotypes for a
range of different management conditions (Eberhart
and Russell, 1966).

Although, Kodo millet is gaining significance in the
field of climate resilient agriculture, knowledge
regarding the relationship of fertility level with
promising pre-released genotypes under the agro-
climatic conditions of southern India is limited
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(Prashanth et al. 2025). Additionally, there is
a relative lack of research on the stability and
adaptability of pre-released Kodo millet genotypes
under different fertility environments. With this
background, the present investigation was designed
to examine the reaction of pre-released Kodo millet
genotypes to various fertility levels with respect to
growth, yield attributes, productivity and economics
and stability and adaptability of the genotypes
across fertility levels to find suitable genotype—
fertility combinations for sustainable production
under rainfed conditions.

MATERIALS AND METHODS

The field experiment was carried out in the Zonal
Agricultural Research Station (ZARS), Gandhi Krishi
Vigyana Kendra (GKVK), University of Agricultural
Sciences (UAS), Bengaluru, Karnataka, India during
kharif season. The experimental site is situated at
latitude 12°58' N and longitude 77°35" E with an
altitude of about 930 m above sea level. It is part of
the Eastern Dry Zone (Zone V) of Karnataka with
the semi-arid tropical climate. The annual rainfall
in the area is about 900-950 mm of which about
70-75 % is received during the Southwest monsoon
(June-September). In the experimental period, the
maximum temperature was between 28 and 33°C,
and the minimum temperature was 15 to 20°C. The
relative humidity during the crop growing period
ranged from 55 to 85%. These climatic conditions
are deemed to be suitable for small millets like Kodo
millet (Yadav et al. 2024).

Representative soil samples were taken from the
experimental field from 0 to 15 cm depth, and
analyzed in the laboratory using standard methods.
The soils of experimental area were considered red
sandy loam (Alfisol), moderately well drained and
well suited for rain fed crop cultivation. The soil
was slightly acidic in reaction with low available
nitrogen, medium available phosphorus and
potassium status.

The experimental design was Factorial Randomized
Complete Block Design (FRCBD) in which each
treatment was replicated three times. Two factors
were considered in the study; the fertility levels
and Kodo millet genotypes. The four fertility
treatments that were applied were control (F ),
75% recommended dose of fertilizers (F,), 100%
recommended dose of fertilizers (F)) and 125%
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recommended dose of fertilizers (F,). Three

promising Kodo millet genotypes (V: KMV 588,
V,: TNAU 86 and V.: JK 137) were tested with
these fertility regimes. Four levels of fertility were
combined with three genotypes, giving a total of
12 treatment combinations that were randomly
assigned within each of the replications to reduce
experimental error and to make it possible to
compare the effects of the various treatment
combinations.

The recommended dose of fertilizer for Kodo millet
was considered as 40:20:20 kg N:P,0.:K,O ha™!
based on the recommendations of ICAR-Indian
Institute of Millets Research and the University of
Agricultural Sciences, Bengaluru (Acharya, 2023).
Nitrogen, phosphorous and potassium were applied
as urea (46% N), single super phosphate (16% P,Os)
and muriate of potash (60% K;O) respectively. All
the phosphorus and half of the nitrogen were fed
at sowing as basal dose and half of the nitrogen
was fed as preplant fertilizer. Top dressing was
done at 30 days after sowing (DAS) for the rest of
the nitrogen. It is also known for the rainfed millet
production systems that applying nitrogen in split
doses improves the nutrient-use efficiency and
reduces the nitrogen losses (Sukanya et al. 2024).

Table 1: Nutrient levels imposed under different
fertility treatments

Fertility Nitrogen Phosphorus :’Igth)sH:m
level (kgha)  (P,Os) (kg ha!) ha:) 8
F, (Control) 0 0 0

F1 (75%

RDF) 30 15 15

F> (100%

RDF) 40 20 20

F5 (125%

RDF) 50 25 25

Experimental field was prepared by one deep
ploughing followed by two harrowings and
leveling to get a fine tilth. The farmyard manure
at 5 t ha™! was uniformly incorporated into the
soil at the last land preparation stage. The seed of
the respective varieties was sown by hand in rows
with a row and plant spacing of 30 cm x 10 cm
and at a 10 kg ha" seed rate. In 15 DAS, gap filling
and thinning were performed to achieve optimum
plant population. Two hand weedings were done
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at 20 and 40 DAS to prevent weed competition

at critical growth stages. All treatments received
uniform treatments for plant protection based on
need. The other agronomic methods recommended
were followed during the growth period of the crop.
Five representative plants were randomly selected
and tagged in each experimental plot for recording
biometric observations. Plant height, number of
productive tillers per plant, panicle length and
test weight were recorded at appropriate growth
stages following standard procedures. Crop samples
from the net plot area were harvested separately
at physiological maturity for crop samples from
each treatment. Grain yield and straw yield were
taken and converted to kg/ha. Biological yield was
computed by summing grain and straw yields.
Harvest index was calculated as:

Harvest Index (%) = (Grain Yield / Biological
Yield) x 100

Production and consumption costs and benefits
were calculated using market prices of factors
and products. Adaptability and stability of the
tested genotypes of Kodo millet under the different
fertility environments were evaluated by the model
proposed by Eberhart and Russell (1966). The
stability parameters estimated were mean grain
yield, regression coefficient (bi) and deviation from
regression (S%di). A genotype with a high mean
yield, a regression coefficient that is close to unity
and a low deviation from regression was regarded
as stable and widely adapted in various fertility
environments.

The experimental data were analyzed by analysis of
variance (ANOVA) suitable for Factorial Randomized
Complete Block Design (FRBCD) as outlined by
Gomez and Gomez (1984). Critical difference (CD)
test (at 5% significance) was used to compare
treatment means. To interpret treatment effects,
standard error of mean (SEmzt) and coefficient of
variation (CV%) were calculated.

RESULTS AND DISCUSSION

The fertility level and varietal differences had
significant effect on the growth and yield attributes
of Kodo millet. Data on plant height, productive
tillers, panicle length and test weight are presented
in Table 2. The application of 125% RDF (Fs) to
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TNAU 86 (V) recorded the highest plant height
(94.1 cm), productive tillers (11.3 per plant), panicle
length (23.6 cm) and test weight (5.76 g) among the
treatment combinations. On the other hand, the
control treatment (F V) had the minimum values
of plant height (73.8 cm), productive tillers (7.2 per
plant), panicle length (16.5 cm) and test weight
(4.02 g). As the fertilizer rate was increased (F, —
F,), all the growth and yield-attributing traits were
also increased. TNAU 86 was found to be superior
to other varieties KMV 588 and JK 137 in all the
fertility levels.

Table 2: Effect of fertility levels and varieties on
growth and yield attributes of Kodo millet

Plant Productive Panicle

Treatment height Tillers per length 100.0-seed
(em) plant (cm) weight (g)

FV, 73.8 7.2 16.5 4.02

F,V, 77.1 8.0 174 448

EV, 75.2 7.6 16.9 4.15

FV, 80.4 8.6 18.8 4.56

FV, 86.2 9.8 201 5.04

EV, 81.5 8.9 18.9 4.62

FV, 84.6 9.4 203 488

FV, 90.8 10.7 22.1 5.42

FV, 85.9 9.6 20.5 493

F.V, 88.7 10.2 21.8 5.12

F.V, 94.1 113 236 576

FV, 89.2 10.0 217 508

SEm + 1.86 0.31 0.48 0.12

CD

(P=0.05) 5.42 0.91 1.40 0.35

* F,- Control; F, - 75% RDF; F, - 100% RDF; F, 125% RDF; V,
- KMV 588; V, - TNAU 86; V/, - JK 137.

The higher fertility levels resulted in a significant
increase in plant height, productive tillers, panicle
length, and test weight, which could be explained by
the improvement in nutrient availability, especially
N, P, and K, that lead to better vegetative growth,
chlorophyll production, growth efficiency, and
accumulation of assimilates. Nitrogen is critical for
cell division and leaf area development, phosphorus
for root development and energy transfer, leading
to improved crop establishment and reproductive
development. Increased use of fertilizers resulted
in similar positive responses of millet crops as
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reported by Basavarajappa et al. (2002), Nigade
et al. (2011) and Chouhan et al. (2015). Increased
source-sink relationships or efficient translocation
of photosynthates towards emerging reproductive
structures could be responsible for the higher
number of productive tillers and increased panicle
length under 125% RDF. Raundal et al. (2017)
observed similar results in little millet and Jalajakshi
et al. (2022) in Kodo millet. The high performance
of TNAU 86 indicates both higher nutrient-use
efficiency and higher genetic potential for biomass
production and reproductive growth. The growth
differences were observed to attribute to varietal
differences as reported by Jyothi et al. (2016) and
Siddiqui et al. (2020) who reported that genotypic
variability significantly affects the response of the
crop to nutrient management practices.

The fertility level and varieties had a significant
effect on grain yield, the straw yield, biological
yield, and harvest index. The yield and yield related
parameters obtained are presented in Table 3. The
higher combination of F3V2 (125% RDF x TNAU 86)
produced the highest grain yield (3426 kg per ha),
straw yield (4528 kg per ha) and biological yield
(7954 kg per ha) while the lower combination FOV1
(100% RDEF x TNAU 83) produced the lowest values.
The mean of grain yield was found to be 2092 kg per
ha under the control treatment and 3143 kg per ha
under 125% RDF. Assimilate partitioning (harvest
index) ranged from 43.1 to 45.5%, with relatively
consistent levels across fertility treatments.

The beneficial effects on grain and straw production
on fertility increase may be explained by the greater
crop growth, nutrient uptake, photosynthetic
capacity, and the higher efficiency of assimilates
to produce economic yield. Sufficient supply of
nutrients can contribute to the development of
leaf area, photosynthetic efficiency, accumulation
of dry matter and grain yield. In a similar study,
Vishwanatha et al. (2024) noticed a substantial
increment in grain and straw yield of Kodo millet
with the application of higher rates of fertilizer.
The increased yield under 125% RDF could also
be attributed to the greater nutrient availability
during the crop development process that allows
for efficient grain filling and panicle development.
Nigade et al. (2006) reported similar in finger
millet while Thakur et al. (2019) reported similar
in browntop millet. This highlights the general
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superiority of TNAU 86 in all the fertility levels,

which means it had a better capacity to use nutrients
and allocate biomass to produce grain. Similar
studies by Nandini et al. (2018) and Thesiya et al.
(2019) have also found that significant differences
in yield performance across varieties was related
to differences in genetic potential and nutrient-
use efficiency. The relatively consistent harvest
index among the treatments may indicate that the
fertility enhancement was more or less equal for
both vegetative and reproductive growth, thus
corroborating the findings of Nwajei (2013) and
Anilrao et al. (2024).

Table 3: Interaction effect of fertility levels and
varieties on grain yield, straw yield and harvest

Grain Straw Biological Harvest
Treatment* yield yield yield index

(kgha?) (kgha') (kgha?) (%)
EV, 1835 2410 4245 43.2
FV, 2286 2835 5121 44.6
F,V, 2154 2657 4811 44.8
FV, 2487 3025 5512 45.1
FV, 2898 3484 6382 454
FV, 2645 3196 5841 45.3
EV, 2764 3318 6082 454
EV, 3198 4016 7214 443
FV, 2879 3452 6331 45.5
EV, 3015 3712 6727 44.8
F.V, 3426 4528 7954 43.1
F.V, 2988 3636 6624 45.1
SEmz+ 74.5 102.8 118.4 0.62
CD (P=0.05) 2124 293.1 3453 1.81

* F,- Control; F, - 75% RDF; F, - 100% RDF; F, 125% RDF; V,
- KMV 588; V, - TNAU 86; V, - JK 137.

Fertility levels and varietal performance had a
significant effect on economic returns. The gross,
net returns, and benefit-cost ratio from various
levels of fertility and genotypes are presented in
Table 4. The treatment combination F;V, had the
highest gross returns (¥ 154,170 per ha), net returns
(X 115,570 per ha) and benefit-cost ratio (3.99) and
the lowest economic returns were obtained by the
treatment combination FyVi. The increasing levels of
fertilizers were found to have a positive relationship
with increasing profitability. TNAU 86 recorded the
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highest average gross return, net return and B ratio

for all the fertility levels tested.

Increased yields of grain and straw under higher
fertility levels, which more than compensated for
the extra cost of fertilizer, mostly accounted for the
greater economic returns. The higher values of net
return and B ratio at 125% RDF suggest that the
extra value of nutrient produced was higher than
the extra cost of nutrient applied. Higher profit
has been observed with the increase in the level of
fertilizers in Kodo millet by Bhat et al. (2022). Better
nutrient management has also been reported to
result in economic returns in finger millet (Jyothi
et al. 2016) and foxtail millet (Prakasha et al. 2017).
TNAU 86 produced higher yields of grain and was
more responsive to nutrient application, which
explains why it was more profitable than the other
cultivars tested. Under intensive management
conditions, higher nutrient-use efficiency genotyped
may show better economic performance (Jan et al.
2015). The results show that the adoption of TNAU
86 coupled with 125% RDF might be a profitable
measure for optimum returns in rainfed production
systems.

Table 4: Economic analysis of Kodo millet varieties
under different fertility levels

Cost of Gross Net
Treatment cultivation returns returns fa:tcio

R ha?) R ha) R ha?)
FV, 30,500 82,575 52,075 2.71
E )V, 30,500 102,870 72,370 3.37
EV, 30,500 96,930 66,430 3.18
FV, 34,200 111,915 77,715 327
FV, 34,200 130,410 96,210 3.81
FV, 34,200 119,025 84,825 3.48
EV, 36,400 124,380 87,980 3.42
EFV, 36,400 143,910 107,510 3.95
FV, 36,400 129,555 93,155 3.56
EV, 38,600 135,675 97,075 3.52
EV, 38,600 154,170 115,570 3.99
EV, 38,600 134,460 95,860 3.48
SEm+ 2,945 2710 2.320 0.08
CD (P=0.05) 8390 7720 6,768 0.23

* F,- Control; F, - 75% RDF; F, - 100% RDF; F, 125% RDF; V,
- KMV 588; V, - TNAU 86; V, - K 137.

Stability analysis showed high differences among
the tested genotypes’ responses to different
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fertility environments. Table 5 shows the mean
yield, regression coefficient (bi) and deviation
from regression (52di) of the tested genotypes. The
mean grain yield by TNAU 86, which is 2952 kg
per ha, is the highest, regression coefficient (bi) is
near 1 (1.08) and deviation from regression (S*di)
is the least (0.024) which shows good stability
and adaptability. KMV 588 had a low regression
coefficient (0.92) and moderate mean yield (2525 kg
per ha) indicating that it was adapted to low input.
The performance of JK 137 was intermediate and
moderate responsiveness and stability.

Table 5: Stability and adaptability parameters of pre-
released Kodo millet varieties across fertility levels

- = E ,x
[}
g - E§ g B
. BE g@3 =
Variety o% & 523 & 2
S5 thyE ® L F i
s 2% ¢ 3 &
> S A » Z
Suitable for
KM I i
Vo o5 092 ooss n (oW tomedium
588 (V) fertility
environments
TNAU Widely adapted

2952 1.08 0.024 I and responsive to

86 (V,) improved fertility

Stable under
JK137 2667 1.01 0.047 I medium fertility
(V3) conditions

Stability analysis is a valuable tool for the
determination of the genotypes which has the
ability to perform uniformly under different
environmental conditions. The Eberhart and
Russell (1966) stability model indicates that a stable
genotype would have high mean yield, regression
coefficient between unity and one, and minimum
deviation from regression. TNAU 86 met these
criteria, and was widely adaptable and predictable
at all levels of fertility. The higher responsiveness
of TNAU 86 indicates that it is able to utilize the
increased nutrient availability with good efficiency
without being unduly sensitive to the environment.
The notion of stability and adaptability has
been discussed by Becker and Léon (1988), who
stressed the need for high productivity coupled
with responsiveness to the environment in millet
crops. The lower regression coefficient of KMV
588 suggests adaptation to relatively unfavourable
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or low input environments where yield stability
is often more significant than maximum yield.
Hariprasanna (2017) also reported genotypic
variation in the stability of Kodo millet grain and
fodder yield. Hence, it can be inferred that TNAU
86 can be used as a widely adapted genotype
for production under a variety of fertility levels
while KMV 588 can be grown in resource limited
production systems.

CONCLUSION

The present study revealed that, the growth,
yield attributes, productivity, profitability and
stability of pre-released Kodo millet genotypes
were significantly affected under agro-climatic
condition of Eastern Dry Zone of Karnataka.
Fertilizer levels were progressively increased from
the control to 125% RDF and significant increases
in plant height, productive tillers, panicle length,
test weight, grain yield, straw yield and economic
returns were observed. TNAU 86 was consistently
the best in terms of growth, yield potential and
profitability in all the fertility environments tested.
The maximum grain production, net returns and
benefit-cost ratio were recorded for the 125% RDF
treatment, suggesting that sufficient nutrient supply
is necessary to maximise the production potential
of Kodo millet when grown in rainfed conditions.

Stability analysis also suggested high mean
productivity, regression coefficient near unity and
minimum deviation from regression with TNAU 86
which suggested that the crop has wide adaptability
and stable performance under different fertility
levels. However, KMV 588 adapted relatively well
to lower fertility conditions whereas JK 137 was
moderately responsive. The results indicate that
adopting the TNAU 86 and 125% RDF is a suitable
option to boost productivity, profitability and
nutrient-use efficiency in Kodo millet production.
Overall, the study is important to highlight the
necessity of genotype specific nutrient management
that can take the highest possible output from
climate resilient millets and will provide useful
inputs for sustainable production strategies to
enhance food and nutritional security in rainfed
agro-ecosystems.

ACKNOWLEDGEMENTS
The authors sincerely acknowledge the ICAR-Indian

Print ISSN : 2347-9655

41

1
Institute of Millets Research (IIMR), Hyderabad,

for providing financial and technical support for
conducting this research.

REFERENCES

Acharya, R. 2023. Innovations on millets research: Need of
the hour. |. Drug Res. Ayurvedic Sci., 8(Suppl. 1): S3-S5.

Anilrao, M.A., Sukanya, T.S., Thimmegowda, M.N., Anand,
M.R., Krishnamurthy, R. and Manegar, G.A. 2024. Effect
of sowing windows on growth and yield parameters of
small millets and their varieties during late kharif. Mysore
J. Agric. Sci., 58(4): 144-151.

Atapattu, A.]., Babalola, O.O., Udumann, S.S., Maitra,
S., Nuwarapaksha, T.D. and Dissanayaka, N.S. 2025.
Enhanced efficiency fertiliser (EEF) intervention for climate
change resilience. In Rajan, R. et al. (eds.), Innovations in
Climate Resilient Agriculture, Springer Nature Switzerland,
pp- 447464, https://doi.org/10.1007/978-3-031-84802-5_20

Banerjee, P. and Maitra, S. 2020. The role of small millets as
functional food to combat malnutrition in developing
countries. Indian |. Nat. Sci., 10(60): 20412-20417.

Basavarajappa, R., Prabhakar, A.S. and Halikatti, S.I. 2002.
Effect of tillage, organics, nitrogen and their interactions
on yield attributes and yield of foxtail millet (Setaria
italica) under shallow Alfisols during rainy season. Indian
J. Agron., 47(3): 390-397.

Becker, H.C. and Léon, ]J. 1988. Stability analysis in plant
breeding. Plant Breed., 101(1): 1-23.

Bhat, S, Nandini, C., Chaithra, C., Nagaraja, T.E. and Sukanya,
T.S. 2022. Performance of brown top millet (Brachiaria
ramosa L.) under varied spacing and fertility levels. Int. ].
Environ. Cli. Chang., 12(11): 39-45.

Brahmachari, K., Sarkar, S., Santra, D.K. and Maitra, S. 2019.
Millet for food and nutritional security in drought prone
and red laterite region of Eastern India. Int. J. Plant Soil
Sci., 26(6): 1-7.

Chouhan, M., Kumar, N.D., Gudadhe, V., Singhal, V.K. and
Hanwat, R. 2015. Productivity, quality, and nutrient
uptake by summer pearl millet as influenced by

transplanting dates and nitrogen levels. Nat. Environ. Poll.
Technol., 14(2): 325-329.

Daduwal, H.S., Bhardwaj, R. and Srivastava, R.K. 2024. Pearl
millet: A promising fodder crop for changing climate— A
review. Theor. Appl. Genetics, 137(7): 169.

Deshpande, S.S., Mohapatra, D., Tripathi, M.K. and Sadvatha,
R.H. 2015. Kodo millet: Nutritional value and utilization in
Indian foods. J. Grain Proces. Storage, 2(2): 16-23.

Eberhart, S.A. and Russell, W.A. 1966. Stability parameters
for comparing varieties. Crop Sci., 6(1): 36—40.

Gomez, K. A. and Gomez, A.A. 1984. Statistical procedures for
agricultural research (2™ ed.). John Wiley & Sons.

Hariprasanna, K. 2017. Kodo millet (Paspalum scrobiculatum
L.). In: Patil et al. (Eds.), Millets and sorghum: Biology and
genetic improvement. Wiley-Blackwell, pp. 199-225.

Online ISSN : 2454-9541



W@ Pushpa et al.

A
Jalajakshi, A., Vishwanatha, S., Koppalkar, B.G., Ajayakumar,
M.Y. and Rajesh, N.L. 2022. Effect of date of sowing, row
spacing and fertilizer levels on yield and economics of
Kodo millet (Paspalum scrobiculatum L.). . Farm Sci., 35(4):
430-433.

Jan, A., Khan, I. and Sohail, S.A. 2015. Effect of sowing
dates and sowing methods on growth, yield and yield
components of pearl millet under rainfed conditions. J.
Environ. Earth Sci., 5(1): 105-109.

Joshi, J., Kumar, S.S., Rout, RK. and Rao, P.S. 2025. Millet
processing: Prospects for climate-smart agriculture and
transition from food security to nutritional security. J. Fut.
Food. 5(5): 470-479.

Jyothi, K.N., Sumathi, V. and Sunitha, N. 2016. Productivity,
nutrient balance and profitability of foxtail millet (Setaria
italica L.) varieties as influenced by levels of nitrogen.
IOSR |. Agric. Vet. Sci., 9(4): 18-22.

Maheswari, N., Maitra, S., Sairam, M., Ray, S., Sagar, L.,
Santosh, D.T. and Gaikwad, D.]. 2025. Impact of real
time nitrogen management on the performance of maize
cowpea intercropping system. Crop Res., 60: 139-146.

Maitra, S., Ghosh, D.C., Sounda, G. and Jana, P.K. 2001.
Performance of intercropping legumes in finger millet
(Eleusine coracana) at varying fertility levels. Indian J.
Agron., 46(1): 38—44.

Maitra, S., Panda, P., Panda, S.K., Behera, D., Shankar, T.
and Nanda, S.P. 2020. Relevance of barnyard millet
(Echinochloa frumentacea L.) cultivation and agronomic
management for production sustainability. Int. J. Bioinfor.
Biol. Sci., 8: 27-32.

Maitra, S., Ray, S., Pradhan, P., Pattanayak, S., Nanda, S.P.,
Battaglia, M.L., Sagar, L., Sairam, M., Gitari, H.I., Maity,
B. and Santosh, D.T. 2026a. Repercussions of salinity on
field crops and achieving Sustainable Development Goals.
In: Salinity Stress and Remediation in Agro-Ecosystems,
Springer Nature Switzerland, pp. 367 - 414.

Maitra, S., Ray, S., Sagar, L., Sairam, M., Pramanick, B., Gitari,
H. and Chappa, L.R. 2025. Cropping system approach
in climate-resilient food crop production. In Pramanick,
B. et al. (eds) Climate-Smart Agricultural Technologies.
Sustainability Sciences in Asia and Africa. Springer,
Singapore. pp. 327-356. https://doi. org/10.1007/978-981-
96-7699-6_15.

Maitra, S., Ray, S., Suman, S., Pushpa, K., Divya, B.S., Sairam,
M., Sagar, L., Gitari, H.I,, DT, S. and Hossain, A. (2026b).
Evaluating the Intercropping Systems in the Context
of Agroecological Resilience in the Current Era of the
Changing Climate: A Scenario of Scientific Analysis of
Last Decade Data. Clim. Resili. Sustain. 5(1): €70050; https://
doi.org/10.1002/cli2.7005

Maitra, S., Santosh, D.T., Jena, ., Behera, S.D., Ray, S., Sairam,
M., Palai, J.B., Gaikwad, D. J., Rishitha, S., Gitari, H.I. and
Atapattu, A.J. (2026c). Understanding plant responses to
abiotic stress through systems biology. In: T, Aftab et al.
(eds.) Systems Biology for Crop Improvement: Emerging
Tools and Technologies. Academic Press. pp. 59-100,
https://doi.org/10.1016/B978-0-443 36457-0.00011-0.

Print ISSN : 2347-9655

42

Mangaraj, S., Pradhan, S.R., Pattnayak, B.R., Mishra, P,
Sethi, D. and Maitra, S., (2025). Climate-Smart Millet
Cultivation: A Promising Option for Next-Generation
Agriculture. In Climate-Smart Agricultural Technologies:
Approaches for Field Crops Production Systems, Springer
Nature Singapore, pp. 233-245.

Mishra, P.,, Nanda, S.R., Barpanda, T., Dash, M., Dash,
S., Choudhury, S., Roul, S. and Mishra, A. 2025. The
complexity of Kodo millet: Genomic analysis and
implications in crop improvement. Planta., 261(1): 15.

Mukesh, G., Sairam, M., Maitra, S., Gaikwad, D.]., Sagar,
L. and Ray, S. 2024. Agrometeorological indices,
physiological growth parameters and performance of
finger millet as influenced by different cultivars under
hot and sub humid region of Odisha. Int. . Experim. Res.
Rev., 42: 148-161.

Nandini, K.M., Sridhara, S. and Kumar, K. 2018. Effect of
different levels of nitrogen on yield, yield components
and quality parameters of foxtail millet (Setaria italica L.)
genotypes in southern transition zone of Karnataka. Int.
J. Chem. Stud., 6(6): 2025-2029.

Nigade, R.D., Jadhav, B.S. and Bhosale, A.S. 2011. Response
of long-duration finger millet (Eleusine coracana L.) variety
to different levels of nitrogen under rainfed conditions.
Int. ]. Agric. Sci., 7(1): 152-155.

Nwajei, S.E. 2023. Effects of planting dates on crude protein
and nutrient uptake of two millet varieties in a forest—
savanna transition zone of Edo State. Sust. Agric. Food
Environ. Res., 11: 1-14.

Prakasha, G., Kalyana Murthy, K.N., Meti, R.N., Jagadish, ].
and Prathima, A.S. 2017. Nutrient uptake and economics
of finger millet (Eleusine coracana L. Gaertn.) under guni
method of planting in the eastern dry zone of Karnataka.
Int. ]. Pure Appl. Biosci., 5(6): 144-151.

Prashanth, K.S., Reddy, M.N., Rajasekaran, R.
and Muthamilarasan, M. 2025. Kodo millet. In M.
Muthamilarasan (Ed.), Millets: Crops for climate resilience
and food and nutritional security, Springer Nature
Singapore, pp. 93-125.

Raj, S., Chaudhary, S., Ghule, N.S,, Baral, K., Padhan, S.R.,
Gawande, K.N. and Singh, V. 2024. Sustainable farming
and soil health enhancement through millet cultivation:
A review. Int. . Plant Soil Sci., 36(3): 222-233.

Raundal, P.U., Pawar, P.P., Musamade, A.M., Mahajan, M.S.
and Desale, S.B. 2017. Response of little millet varieties
to different levels of fertilizers under rainfed conditions.
Contemp. Res. India, 7(4): 18-23.

Sairam, M., Maitra, S., Sagar, L., Biswas, T., Barek, V., Brestic,
M. and Hossain, A.2025b. Application of precision nutrient
tools for the optimization of fertilizer requirements and
assessment of the growth and productivity of maize (Zea
mays L.) in the northeastern Ghat of India. ]. Agric. Food
Res., 21: 101958.

Sairam, M., Maitra, S., Sahoo, U., Sagar, L. and Gopala
Krishna, T. 2023. Evaluation of precision nutrient tools
and nutrient optimization in maize (Zea mays L.) for

Online ISSN : 2454-9541



Effect of Nutrient Levels on Productivity, Profitability and Stability of Pre-released Kodo Millet...

wid

enhancement of growth, productivity and nutrient use
efficiency. Res. Crop., 24(4): 666—677.

Santosh, D.T., Debnath, S., Maitra, S., Sairam, M., Sagar, L.,
Hossain, A. and Moulick, D. 2024a. Alleviation of climate
catastrophe in agriculture through adoption of climate
smart technologies. In: Chatterjee, U., Shaw, R., Kumar,
S., Raj, A. D. and Das, S. (eds) Climate Crisis: Adaptive
Approaches and Sustainability. Springer Nature,
Switzerland. https://doi.org/10.1007/978-3 031-44397-8_17,
pp- 307-332.

Sharma, A., Ceasar, S.A., Pandey, H., Devadas, V.S., Kesavan,
A.K., Heisnam, P. and Mall, A.K. 2025. Millets: Nutrient-
rich and climate-resilient crops for sustainable agriculture
and diverse culinary applications. . Food Compos. Anal.,
137: 106984.

Shikha, D., Kumar, Y., Sharanagat, V.S. and Saxena, D.C. 2024.
Kodo millet: Technological impact and nutritional benefits

for value-addition in food products. J. Food Process Engg.,
47(6): €14655.

Sukanya, T.S., Kumar, A., Sathya, K., Narayanan, A.L.,
Kishore, K., Shyam, M. and Chaithra, C. 2024. Millet-based
cropping systems for enhanced productivity. In Genetic
improvement of small millets, Springer Nature Singapore,
pp- 63-86.

Print ISSN : 2347-9655

43

1
Thakur, A.K., Kumar, P. and Netam, P.S. (2019). Effect of

different nitrogen levels and plant geometry on growth
and yield of browntop millet (Brachiaria ramosa L.) in the
Bastar Plateau Zone of Chhattisgarh. International J. Curr.
Microbiol. Appl. Sci., 8(2): 2789-2794.

Thesiya, N.M., Dobariya, J.B. and Patel, ].G. 2019. Effect of
integrated nutrient management on growth and yield
parameters of kharif little millet under little millet-green
gram cropping sequence. Int. ]. Pure Appl. Biosci., 7(3):
294-298.

Vishwanatha, S., Shwetha, B.N., Kavyashree, C., Kumar,
M.V., Shankar, G.R., Kurdekar, A.K. and Koppalkar,
B.G. 2024. Influence of date of sowing, row spacing and
fertilizer levels on yield and economics of brown top
millet (Brachiaria ramosa L.). Plant Arch., 24(1): 1038-1042.

Warisa, S., Debbarma, A., Hazarika, A., and Nath, A.]. 2025.
Millet cultivation in India: Geographical distribution,
nutrient management practices, and policy implications.
Discover Soil, 2(1): 12.

Yadav, O.P., Singh, D.V,, Kumari, V., Prasad, M., Seni, S.,
Singh, R.K. and Mohapatra, T. 2024. Production and

cultivation dynamics of millets in India. Crop Sci., 64(5):
2459-2484.

Online ISSN : 2454-9541






