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A field trial on “Growth, yield and economics of pearlmillet (Pennisetum glaucum L.) to the combined
application of nitrogen and nano DAP” was explored during the kharif season of 2024, at the Agronomy
Instructional Farm, Chimanbhai Patel College of Agriculture, Sardarkrushinagar Dantiwada Agricultural
University, Sardarkrushinagar, Banaskantha, Gujarat, India. The trial was laid out in Randomized Block
Design (RBD) with three replications consisting of nine treatments. The outcomes of the trial revealed that
significantly the higher plant height at harvest (158.13 cm), number effective tillers per plant (2.67), length of
earhead (23.87 cm), girth of earhead (9.96 cm), weight of earhead (29.95 g), grain yield (2868 kg/ha) and straw
yield (6098 kg/ha) of pearlmillet were recorded in the treatment received 100% RDN + 75% RDP through DAP
+ seed treatment with nano DAP (5 ml/kg seed) + foliar spray with nano DAP @ 5 ml/L at 30 DAS and 50 DAS
(T2). However, all these observations remained statistically at par with the treatment received 100% RDF (T1)
(80:40:00 kg N:P2O5:K2O/ha). Whereas, a significant effect of the combined application of nitrogen and nano
DAP were not noticed on test weight and harvest index of the pearlmillet. With regards to the economics, the
highest gross realization (` 113314/ha), net realization (` 64576/ha) and benefit-cost ratio (BCR) (2.32) of
pearlmillet were attained in the treatment received 100% RDN + 75% RDP through DAP + seed treatment
with nano DAP (5 ml/kg seed) + foliar spray with nano DAP @ 5 ml/L at 30 DAS and 50 DAS (T2) and all these
were closely followed by the treatment received 100% RDF (T1).
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ABSTRACT

Introduction
Pearlmillet is a dual-purpose C4 annual tillering diploid

(2n=14), small-seeded caryopsis, belonging to the family
Gramineae or Poaceae and sub-family Panicoideae.
It is scientifically known as Pennisetum glaucum L.,
commonly known as cat tail, spiked or bulrush millet and
popularly known as bajra. Pearlmillet is a vital rainfed
cereal crop of arid and semi-arid regions, showing wide
adaptability to diverse climatic conditions and soil types
in India. Notably, it can deliver a dependable yield under
marginal environments and at the same time responds to
high management conditions (Thakor et al., 2018).

Pearlmillet is the world’s sixth and India’s fourth most
prominent food grain crop after rice, wheat and maize.
India is the largest single producer of the pearlmillet, both
in terms of area (7.57 M ha) and production (11.43 MT)
during 2022-23 (Anonymous, 2023). In India, the main
producing states of pearlmillet are Rajasthan (46%),
Maharashtra (19%), Gujarat (11%), Uttar Pradesh (8%)
and Haryana (6%) (Divya et al., 2017). In Gujarat, 0.50
M ha area was under pearlmillet, with production of 1.29
MT during 2022-23 (Anonymous, 2023).

Pearlmillet is nutritionally higher to maize and rice
and is recognized as a “high energy” cereal as its grains



1602 R.V.A. Reddy et al.

contain approximately 11 to 19% protein content, 3 to
4.6% fat, 2.7% minerals, higher amounts of carotene,
riboflavin (Vitamin B2) and niacin (Vitamin B4) (Angel
and Singh, 2023). Apart from that, they are an excellent
source of dietary fibre (1.5 to 3%), phytochemicals,
micronutrients, nutraceuticals and hence, nowadays they
are rightly termed as “nutricereal” (Babar et al., 2021).

Inadequate soil fertility and erratic rains are the major
constraints limiting crop production in the arid and semi-
arid regions of India. Nitrogen, a key limiting factor in
crop production of different agro-ecosystems, is one of
the essential primary mineral nutrients required by
pearlmillet as it plays a vital role in the production of
chlorophyll and amino acids, consequently exhibiting
diverse growth and yield response to nitrogen application
as it has the utmost impact on the vegetative growth of
plants (Meena et al., 2024). Phosphorus, another
important primary nutrient, plays key roles in many plant
processes such as energy metabolism, nucleic acid and
membrane synthesis, photosynthesis, respiration, nitrogen
fixation and enzyme regulation, while enhancing plant
vigour, root growth and produce quality (Babar et al.,
2021). After nitrogen, phosphorus is the second major
limiting nutrient among primary mineral nutrients, affecting
nearly 40% of the world’s arable soils and therefore
known as the “bottleneck of world hunger” (Reddy et
al., 2022).

At present times, in order to get higher yields, farmers
are applying higher doses of fertilizers, which is causing
significant environmental problems. At the same time,
the cost of chemical fertilizers has been continuously
increasing, subsequently creating an economic burden
on farmers. Furthermore, the rising prices of chemical
fertilizers have compelled Indian farmers to adopt
imbalanced nutrient application, resulting in reduced crop
yields and declining soil health, thereby threatening future
agricultural productivity and food security. At this critical
juncture, there is an urgent need to develop sustainable
nutrient management strategies that maintain crop
production while protecting soil health and the
environment. Therefore, to develop judicious nutrient
management options, the application of nano-technology
in fertilizers emerges as a promising and efficient
alternative (Tiwari et al., 2022). The newly developed
nano-fertilizers by using nano-technology are smaller in
size, with a large surface area, leading to an increase in
absorption capacity and controlled-release kinetics to
targeted sites (Saqib et al., 2025). The nano-sized clusters
of nitrogen and phosphorus in nano DAP (8% w/v of
nitrogen and 16% w/v phosphorus) are functionalized with
bio-polymers and other additives, allowing for improving

dispersion and absorption within plant systems. This
results in higher seed vigour, increased chlorophyll
production, improved photosynthetic efficiency, better
quality and yield of crops. Additionally, precise and
targeted application of nano DAP ensures the nutritional
requirements of crops by minimizing environmental impact
(Anonymous, 1967). Therefore, it is important to explore
the use of nano DAP as an alternative to chemical
fertilizers that are used by farmers. Owing to their higher
efficacy, improved productivity, lower input usage, lower
cost and low environmental pollution could ultimately help
the farmers to overcome the present-day problems by
promoting more sustainable and productive agriculture
(Patil et al., 2024). Keeping in view of the above
situations, the present trial was carried out to study
“Growth, yield and economics of pearlmillet (Pennisetum
glaucum L.) to the combined application of nitrogen and
nano DAP”.

Materials and Methods
A field trial was executed during the kharif season

of 2024 at the Agronomy Instructional Farm, Chimanbhai
Patel College of Agriculture, Sardarkrushinagar
Dantiwada Agricultural University, Sardarkrushinagar,
Banaskantha, Gujarat, India and is geographically
positioned at 240-19’ North latitude and 720-19’ East
longitude with an altitude of 154.52 metres above the
mean sea level. The soil of the experimental field was
loamy sand in texture, low in organic carbon (0.23%)
and available nitrogen (163.39 kg/ha), medium in available
phosphorus (33.19 kg/ha) and potash (275.65 kg/ha), with
soil pH 7.56 and EC 0.21 dS/m. The variety selected
was Gujarat Hybrid Bajra 1129 (GHB-1129), were sown
with a spacing of 45 cm × 10 cm. The recommended
dose of fertilizer application was 80:40:00 kg N:P2O5:K2O/
ha (N was applied through DAP and urea and P2O5 was
applied through DAP). Seed treatment and foliar spray
were applied through nano DAP. The trial was laid out in
Randomized Block Design (RBD) with three replications
consisting of nine treatments namely; T1: 100% RDF
(80:40:00 kg N:P2O5:K2O/ha), T2: 100% RDN + 75%
RDP through DAP + seed treatment with nano DAP (5
ml/kg seed) + foliar spray with nano DAP @ 5 ml/L at
30 DAS and 50 DAS, T3: 100% RDN + 50% RDP
through DAP + seed treatment with nano DAP (5 ml/kg
seed) + foliar spray with nano DAP @ 5 ml/L at 30 DAS
and 50 DAS, T4: 100% RDN + 25% RDP through DAP
+ seed treatment with nano DAP (5 ml/kg seed) + foliar
spray with nano DAP @ 5 ml/L at 30 DAS and 50 DAS,
T5: 100% RDN + seed treatment with nano DAP (5 ml/
kg seed) + foliar spray with nano DAP @ 5 ml/L at 30
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DAS and 50 DAS, T6: 75% RDN + 75% RDP through
DAP + seed treatment with nano DAP (5 ml/kg seed) +
foliar spray with nano DAP @ 5 ml/L at 30 DAS and 50
DAS, T7: 75% RDN + 50% RDP through DAP + seed
treatment with nano DAP (5 ml/kg seed) + foliar spray
with nano DAP @ 5 ml/L at 30 DAS and 50 DAS, T8:
75% RDN + 25% RDP through DAP + seed treatment
with nano DAP (5 ml/kg seed) + foliar spray with nano
DAP @ 5 ml/L at 30 DAS and 50 DAS and T9: 75%
RDN + seed treatment with nano DAP (5 ml/kg seed) +
foliar spray with nano DAP @ 5 ml/L at 30 DAS and 50
DAS. Five representative plants were selected randomly
from each experimental net plot area and tagged for
observations. These plants were used for documenting
all the biometric observations and the mean values
obtained were analysed statistically, following the
procedures proposed by Gomez and Gomez (1984).

Results and Discussion
Growth and yield of pearlmillet to the combined
application of nitrogen and nano DAP

The mean data pertaining to plant height at harvest,
number of effective tillers per plant, earhead length,
earhead girth and earhead weight, grain yield and straw
yield of pearlmillet were significantly affected by the
combined application of nitrogen and nano DAP (Table
1). Whereas, a significant effect of the combined
application of nitrogen and nano DAP were not noticed
on test weight and harvest index of the pearlmillet (Table
1).

Among the various treatments evaluated, the
application of 100% RDN + 75% RDP through DAP +
seed treatment with nano DAP (5 ml/kg seed) + foliar
spray with nano DAP @ 5 ml/L at 30 DAS and 50 DAS
(T2) resulted in significantly higher plant height at harvest
(158.13 cm), number of effective tillers/plant (2.67),
earhead length (23.87 cm), earhead girth (9.96 cm),
earhead weight (29.95 g), grain yield (2868 kg/ha) and
straw yield (6098 kg/ha) of pearlmillet as compared to
other treatments. The per cent increase in grain and straw
yield by T2 over T1 treatment was to the tune of 9.67 and
8.04%, respectively. However, all these results remained
statistically at par with the application of 100% RDF (T1)
in all aspects. Whereas, numerically, the maximum test
weight (10.02 g) and harvest index (31.95%) of pearlmillet
were also observed with application of 100% RDN +
75% RDP through DAP + seed treatment with nano DAP
(5 ml/kg seed) + foliar spray with nano DAP @ 5 ml/L at
30 DAS and 50 DAS (T2) and was closely followed by
application of 100% RDF (T1) in both aspects.

The remarkable increase in the plant height of Ta
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pearlmillet might be due to the positive effect of nitrogen
on cell division and cell expansion, which resulted in the
promotion of a large number and length of internodes.
Simultaneously, results in a progressive increase in plant
height. These fallouts are in line with the findings of
Prasad et al. (2014), Kadam et al. (2019), Rakesh et al.
(2021) and Gowd et al. (2023). Furthermore, the higher
yield response might be due to the fact that increased
supply of nitrogen led to higher nutrient availability and
stimulated the various physiological processes together
with biochemical processes in the crop, leading to
improved crop growth and development. Influence of
nitrogen nutrition on stimulation of meristematic cell activity
and development of strong cell walls, resulting in stiffer
straw and profuse tillering, thereby increasing the number
of effective tillers per plant. These results are already in
agreement with those reported by Arshewar et al. (2018),
Patel et al. (2018), Kadam et al. (2019) and Rakesh et
al. (2021). In addition, nitrogen facilitated the transition
from somatic meristematic activity to reproductive
meristematic activity, promoting the development of floral
primordia and resulting in improved earhead length and
girth. These findings are supported by Gojariya et al.
(2021). Moreover, nitrogen application enhanced flower
fertility and boosted the leaf area and its duration, thereby
improving photosynthetic efficiency and ensuring greater
production and translocation of assimilates from source
to sink. Simultaneously, the increased nitrogen supply
promoted rapid expansion of dark green foliage, leading
to higher carbohydrate synthesis and biomass
accumulation. The combined effect of improved assimilate
production, efficient partitioning towards reproductive
organs and enhanced vegetative growth ultimately
resulted in higher earhead weight along with increased
biomass production, thereby leading to higher grain and
straw yield. These findings are corroborated by Thakor
et al. (2018), Kadam et al. (2019), Reddy et al. (2020),
Gojariya et al. (2021), Rakesh et al. (2021) and Malakar
et al. (2022).

The improved growth of the pearlmillet might be
attributed to the crucial role of phosphorus in various
metabolic pathways and its structural presence in nucleic
acids, coenzymes, phosphoproteins and phospholipids,
which enhanced nutrient utilization through better root
development and overall plant growth. Similar responses
were reported by Singh and Chauhan (2021) and Reddy
et al. (2022). Better nutrient availability through the
application of phosphorus also enhanced soil microbial
activity and nutrient utilization, resulting in an increased
number of effective tillers per plant and improved crop
performance. These trends are supported by Singh et al.

(2019) and Gojariya et al. (2021). Furthermore,
phosphorus played a key role in energy transfer and
metabolic reactions, facilitated by enhanced nutrient
supply, particularly during the flowering stage, which leads
to increased earhead length and weight through better
grain formation. Similar outcomes were observed by
Gojariya et al. (2021) and Reddy et al. (2022). Enhanced
metabolic activity, photosynthesis and efficient
translocation of photosynthates to sink organs improved
yield attributes and biomass accumulation. Simultaneously,
the role of phosphorus as an energy carrier supported
vital physiological processes and vegetative growth,
thereby increasing straw production. The combined
improvement in growth, yield attributes and biomass
ultimately led to higher grain and straw yield. These
findings are corroborated by Pandey et al. (2018), Singh
et al. (2019), Singh and Chauhan (2021), Reddy et al.
(2022) and Angel and Singh (2023).

The increased plant height of pearlmillet might be
associated with the application of nano DAP, which
enhances the absorption and penetration of nano-nitrogen
and phosphorus through the stomata of leaves due to its
high surface area, reactivity, permeability and small size.
This stimulates enzyme activity, protein synthesis and
auxin metabolism, promoting cell division and elongation,
thereby increasing plant height. These results are in
conformity with the results findings by Prakash et al.
(2023) in soybean, Attri (2023) in fine rice, Gurjar (2023)
in black gram, Rajanikanthreddy et al. (2024) in sunflower,
Khemshetty et al. (2024) in chickpea, Rajeshwari et al.
(2024) in chilli, Sachin et al. (2024) in pigeonpea and
Saqib et al. (2025) in wheat. Higher yield response might
be due to improved availability and uptake of nano-
nitrogen and phosphorus, where improved nitrogen uptake
facilitated carbohydrate production and promoted healthy
tiller bud growth, while improved phosphorus uptake
facilitated efficient translocation of photosynthates to the
developing tiller buds, which in turn supported their
growth. The combined and synergistic effect of nitrogen
and phosphorus nutrition ultimately increased the number
of effective tillers while reducing the formation of barren
tillers. These results are supported by studies of Thakur
(2022) in rice and Saqib et al. (2025) in wheat. In addition,
nano DAP application enhanced plant metabolic
processes, gene expression, protein synthesis and
photosynthetic activity, which promoted cell division and
elongation of floral primordia, eventually resulting in higher
earhead length and girth. Similar findings were reported
by Poudel et al. (2023) in wheat, Khati (2023) in finger
millet and Balachandrakumar et al. (2024) in cowpea.
The enhanced photosynthetic activity increased assimilate
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production and efficient translocation and supported better
weight of earhead as well as other yield attributes, thereby
contributing to higher grain yield. These outcomes are in
conformity with the findings of Thakur (2022) in rice,
Prakash et al. (2023) in soybean, Khemshetty et al.
(2024) in chickpea, Rajeshwari et al. (2024) in chilli, Patil
et al. (2024) in pearlmillet and Saqib et al. (2025) in wheat.
Furthermore, foliar spraying of nano DAP improved
nitrogen and phosphorus availability, thereby advancing
the nutrient uptake. Phosphorus absorption promoted
better root development, while nitrogen absorption boosted
vegetative growth. This synergistic effect increased the
photosynthetic rate and biomass accumulation, ultimately
driving overall crop growth as well as development and
leading to the production of the maximum straw yield.
These fallouts are in accordance with the findings of
Prakash et al. (2023) in soybean and Patil et al. (2024)
in pearlmillet.
Economics of pearlmillet to the combined
application of nitrogen and nano DAP

The details of gross realization, total cost of cultivation,
net realization and benefit-cost ratio (BCR) of pearlmillet
as influenced by the combined application of nitrogen
and nano DAP were worked out and presented in Table
2.

A perusal of data showed that the maximum gross
realization, net realization and BCR (` 113314/ha, `
64576/ha and 2.32, respectively) of pearlmillet was ensued
with the application of 100% RDN + 75% RDP through
DAP + seed treatment with nano DAP (5 ml/kg seed) +
foliar spray with nano DAP @ 5 ml/L at 30 DAS and 50
DAS (T2) and was followed by application of 100% RDF
(T1)  (` 103990/ha, ` 58682/ha and 2.30, respectively).

Conclusion
Based on the findings of one year study, it can be

concluded that either application of 100% RDN + 75%
RDP through DAP + seed treatment with nano DAP (5
ml/kg seed) + foliar spray with nano DAP @ 5 ml/L at
30 and 50 DAS or application of 100% RDF (80:40:00
kg N:P2O5:K2O/ha) proved to be an effective nutrient
management practice for enhancing growth, yield and
economics of pearlmillet during the kharif season grown
in loamy sand under North Gujarat conditions.
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