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Abstract

Excessive and continuous use of commercial-grade fertilizers in large quan-
tities during the post-Green Revolution era has led to significant environ-
mental impacts, besides escalating the cost of production in staple crops.
Such over-reliance on chemical fertilizers in intensive agriculture and a lim-
ited focus on balanced nutrient management have led to an increase in mi-
cronutrient deficiency in the sub-tropical part of India. This micronutrient
deficiency leads to stunted growth, poor flowering, and reduced grain and
fruit formation, directly impacting overall crop productivity. Hence, the in-
troduction of nano form of fertilizers and integration of them with bulk/
commercial form will help in improving the nutrient use efficiency, reduce
production costs vis-a-vis enhancement in the plant growth, and yield more
effectively than the traditional fertilizers. Proper nutrient management pro-
motes healthy development at each stage, from seedling establishment to
maturation and ripening, ensuring optimal yields and quality. Hence, fertili-
zation directly and profoundly impacts the phonological stages of the
crops. In this respect, a field experiment was conducted at Ludhiana and
Fatehgarh Sahib, Punjab, India, during the rabi season of 2021-22. The ex-
periment was laid out in a Randomized Completely Block Design (RCBD)
with four replications and 11 treatments. Besides an absolute control where
no fertilizer was applied (T1), ten other treatments were commonly ferti-
lized with the recommended dose of fertilizers (RDF), i.e., 125 kg N and
62.5 kg P20s ha?). The treatment varied in applying bulk and nano N (6%
urea) and Se (15 ppm) at reproductive phases. The normalized difference
vegetation index (NDVI) score and chlorophyll index improved with foliar
spray of both bulk and nano urea forms alone or in combination with Se
(bulk or nano). The effect of foliar sprays of urea and selenium, either in
bulk or nano form, alone or in combination, was insignificant. The repro-
ductive stages, viz. heading, grain filling, and physiological maturity, are
prolonged with late season spray of 6% bulk or nano urea alone or in addi-
tion to bulk or nano selenium. Maximum days to grain filling was in a foliar
spray of nano urea 6% along with nano selenium 15 ppm, further leading to
higher grain and biological yield.
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Introduction

Wheat (Triticum aestivum L.), a winter-season cereal crop
belonging to the family Poaceae, is crucial in ensuring the
food security of the Indian subcontinent and our country.
Globally, wheat is grown over 215.9 million hectares (m
ha), with an annual production of more than 765.8 million
tonnes (1). In India, wheat is the second most important
crop after rice, grown over an area of 31.6 m ha with an
annual production of 109.5 million tonnes (2).

The changing climate is affecting the crop yield.
Although the aerial environment can’t be controlled, cer-
tain agronomic management practices can be adopted to
provide climate resilience to the cultivated crops. Nitro-
gen, the essential nutrient the crop requires, is known to
prolong the crop phenological phases (3) and thus can
relieve the crop’s aberrations in changing climate. During
the post-vegetative phase, foliar application of nitrogen is
suitable as diverse N-immobilisation processes involving
complexation with the soil organic matter render this nu-
trient not adequately available to the crop plant. Moreo-
ver, the diminishing root activity due to the aging of the
crop further decreases the uptake of the applied N by the
root tissue (4). On the other hand, Selenium is a micronu-
trient that plays a role in maintaining ecosystem health.
Continuous deficiency in soils without Se fertilization may
create a broader imbalance in soil nutrient composition,
which could eventually affect plant and microbial commu-
nities. Although selenium (Se) is not considered an essen-
tial nutrient for plant growth, it has significant implica-
tions for human and animal nutrition and offers several
crop benefits (5-7). Stress, either biotic or abiotic, affects
plant normal metabolism and produces reactive oxygen
species (ROS), viz., superoxide anion, singlet oxygen, hy-
droxyl free radical, and hydrogen peroxide (8). Selenium is
reported to improve plant tolerance to oxidative stress by
reducing lipid peroxidation and increasing the activity of
anti-oxidative enzymes (9). Plants have enzymatic and non
-enzymatic antioxidant systems for scavenging the ROS
(10).

The conventional agrochemicals for fertilization,
pest, and disease control lead to soil degradation (11) and
surface and groundwater contamination (12) due to their
low efficacy. While nitrogen is essential for plant growth,
its overapplication in conventional nitrogenous fertilizer
can lead to several environmental and health issues. When
crops absorb more nitrogen than they need, the excess
often leaches into groundwater or runs off into nearby
water bodies, causing water pollution and contributing to
problems like eutrophication (13), where water ecosys-
tems become overly enriched with nutrients, leading to
algal blooms and reduced oxygen levels (14). In soil, nitro-
gen imbalance can degrade soil health by disrupting the
natural nutrient cycle. Sustainable farming practices, such
as precision agriculture, crop rotation, and the use of ni-
trogen-efficient fertilizers like slow-release or nano-
fertilizers, are being encouraged to combat nitrogen pollu-
tion. These practices aim to optimize nitrogen use efficien-
¢y, minimizing environmental damage while maintaining
crop productivity (15). Therefore, producing more food
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with limited resources and a changing environment, along
with the conservation of resources, is a global challenge.

Nanotechnology seems to be a possible alternative
for upgrading agricultural practices (16-17). It could be
documented that nano-fertilizers are important in protect-
ing the environment due to low application rates (18). The
introduction of nanoparticles, which range in size from
1 to 100 nm (nano-meter), can penetrate easily into the
plant cells upon application and thus result in efficient and
targeted nutrient delivery. A multi-fold increase in the sur-
face area of nanoparticles may reduce the leaching losses
and, therefore, increase the effectiveness over convention-
al bulk fertilizer (19). The conventional granular urea with
a much larger particle size is generally used in solid form,
where it first dissolves before releasing nitrogen very slow-
ly. A significant portion of nitrogen from granular urea is
often lost through leaching, runoff, or volatilization, lead-
ing to lower nitrogen use efficiency (NUE). The nanoform
of fertilizer reduces production costs through increased
efficiency of nutrient use, thereby improving plant growth
and yield parameters better than traditional fertilizers
(20). Hence, there is a need to evaluate the efficacy of nano
forms of fertilizers over traditional fertilizers.

Materials and Methods
Experimental site

A field experiment was conducted at two locations of Indo
Gangetic plains during the rabi season of 2021-22. The first
location was the Research Farm of Wheat in the Depart-
ment of Plant Breeding and Genetics, Punjab Agricultural
University, Ludhiana. The second was a farming field at
village Panjoli Khurd, district Fatehgarh Sahib, Punjab.
Ludhiana is situated at 30° 54' N latitude and 75° 51' E lon-
gitude at a height of 247 m above mean sea level.
Fatehgarh Sahib is located at 30°40' N latitude and 76°24'
E longitude at a height of 246 m above mean sea level. The
information on various meteorological parameters like
temperature, relative humidity, and rainfall at two differ-
ent locations at Ludhiana and Fatehgarh Sahib are given in
Fig. 1 and 2, respectively.

Experimental design and treatments

The experiment was laid out in a randomized complete
block design with 11 treatments and four replications. Ex-
cept for absolute control (T1), the wheat crop in treat-
ments T2 to T11 received the recommended dose of ferti-
lizers, i.e., 125 kg N and 62.5 kg P,0s ha™. For each of the
treatments (T3 to T11), the sprays of 6% urea (nano or bulk
form) and/or 15 ppm Se (nano or bulk form) water were
done at the booting and grain milk stage of the wheat
crop. Treatment details are as follows:

T1: Absolute control (no fertilizer)

T2: Recommended dose of fertilizers (RDF) only
T3: RDF + water spray

T4: RDF + Urea spray @ 6%

T5: RDF + Se spray @ 15 ppm
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Fig. 1. Standard weekly meteorological data during the rabi season 2021-22 at Ludhiana
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Fig. 2 Standard weekly meteorological data during the rabi season 2021-22 at Fatehgarh Sahib.

T6: RDF + Nano Urea spray @ 6%

T7: RDF + Nano Se spray @ 15 ppm

T8: RDF + Urea 6% + Se 15 ppm spray

T9: RDF + Urea 6% + Nano Se 15 ppm spray

T10: RDF + Nano Urea 6% + Se 15 ppm spray

T11: RDF + Nano Urea 6% + Nano Se 15 ppm spray

Sodium selenate (Na,SeO,) was used as a source of
selenium. Nano urea and nano Se were formulated in elec-
tron microscopy and nanoscience laboratory, Department
of Soil Science, PAU, Ludhiana, India.

Crop management

Wheat variety Unnat PBW 550 was sown in a rice residue
retained field using ten tined happy seeders with the rec-
ommended seed rate of 125 kg ha at 5 cm depth with row
spacing of 22.5 cm (9 inches). According to the recom-
mended package of practices, the crop was fertilized with
nitrogen (125 kg ha) and phosphorus (62.5 kg ha) using

DAP (18:46:0) and urea (46:0:0) as a source of phosphorus
and nitrogen, respectively. In all the treatments except
absolute control (T1- no nitrogen), phosphorus was ap-
plied at sowing as band placement. In contrast, nitrogen
through urea was broadcast in two equal splits before the
first and second irrigations. For control of both grass and
broadleaf weeds, the herbicide “Total” of 75 WG (sulfo-
sulfuron + metsulfuron) was sprayed @ 40 g ha* using 375
litres of water 35 days after sowing using a knapsack
sprayer fitted with a flat fan nozzle. To control yellow/
stripe rust disease and to produce grains free from Karnal
bunt, the fungicide Tilt 25 EC (propiconazole) @ 500 ml ha-
! was sprayed during the grain filling stage. The crop was
harvested manually using a sickle from net plot size and
threshed with a syndicator-type thresher.

Synthesis of nano selenium (Se)

The Se nanoparticles were synthesized according to the
procedure, which involved the reaction of two solutions,
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viz., sodium selenite (0.4725 g in 25 ml distilled water) and
ascorbic acid (6.6045 g in 75 ml distilled water) in 1:3 (21).
The ascorbic acid solution was added dropwise while the
sodium selenite solution was placed on a stirrer at 800
rpm at room temperature (25+2°C). After the formation of
red particles, these were centrifuged for 15 minutes. The
pellet was scrapped, and the nanoparticles were dried.

Synthesis of nano urea

As described by (22), the chitosan nano urea was formulat-
ed. The procedure involved the ionotropic gelation of urea
in chitosan (1.5%) with acetic acid (1% v/v) and between
80 as surfactant. Analytical grade urea was added @ 6% w/v
in the suspension. After that, the sodium tripolyphosphate
solution (0.25% w/v in 5:1) was added dropwise while
keeping the suspension on the stirrer at 800 rpm. To re-
duce the size of the formed nanoparticles, the formulation
was sonicated for 15 minutes.

Data collection and analysis
Micrometeorological observations

Normalized difference vegetation index (NDVI): NDVI
measures the state of plant health based on how the plant
reflects light at specific frequencies. The plot with higher
vegetation exhibits a higher value of NDVI. Observation for
NDVI was recorded using a handheld crop sensor, and the
green seeker of ‘Trimble’ was made periodically ten days
after the booting stage and grain milk stage. It is based on
the principle of reflection of light from the crop canopy
related to the vigor of the crop. The value of the green
seeker ranged between 0 to 0.99. The higher the value, the
higher the crop vigor.

Canopy temperature: An infrared canopy tempera-
ture analyzer was used to record canopy temperature peri-
odically ten days after the booting and grain milk stages.
The trigger was pressed at two different spots in a plot,
and the canopy temperature was recorded.

Leaf chlorophyll: Observation for chlorophyll con-
tent was taken ten days after the booting stage and grain
milk stage from a fully opened leaf from three plants in a
single plot using the portable, non-destructive ‘atLEAF’
chlorophyll meter. This meter calculates a chlorophyll in-
dex (Cl) based on reflectance or absorbency at particular
wavelengths. It needs to be calibrated for given species to
estimate the actual chlorophyll or N content. The observa-
tion was recorded by putting a leaf into the aperture or
leaf sensor of the ‘atLEAF’ instrument (22-23). The leaf sen-
sor was placed on leaf mesophyll tissue only, avoiding
veins. Measurements were made at a photon flux density
of 800 to 1200 pmol m2 s, Each leaf's measurements were
averaged to provide a single chlorophyll index (Cl) per leaf.
The instrument emits the burst of two different wave-
lengths, red (640 nm) and infrared red (940 nm), then
measures the amount of red light absorbed.

Phenology

Days taken to 50% heading: The observation was recorded
by counting the days the crop took from sowing to when
50% of heads emerged from the top of the plant in each
plot.
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Days taken to 50% grain milk: It was recorded by
counting the days the crop took from sowing to the day in
each plot when 50% of spikes of grain plants exhibited the
milk stage. This stage was noticed when the milky fluid
came out of grains when pressed with fingers.

Days taken to physiological maturity: It was ob-
served by taking five spikelets randomly from each plot
after the dough milk stage daily. When the grains started
giving a yellowish look from the outside, they were taken
as days to physiological maturity.

Duration of grain filling: The grain-filling duration
was recorded by counting the days from flowering to phys-
iological maturity.

Yield

Biological yield (g ha?): The biological yield was recorded
from the net plot size after discarding the border rows. The
crop was harvested and allowed to dry. Before threshing,
it was tied in bundles, and its weight was recorded and
expressed in g ha.

Grain yield (q ha?): After threshing the bundle plot-wise,
the grain weight from each plot was recorded separately,
and the grain yield data were expressed in g ha.

Statistical analysis

ANOVA was performed to evaluate the influence of post-
vegetative foliar application of nitrogen and selenium on
micrometeorological parameters, phenology, and wheat
yield. The statistical analysis was done using CPCS 1 soft-
ware. The difference between means was compared with
Fisher’s least significant difference test at a 5% probability
level.

Results
Normalized difference vegetative index (NDVI)

The results indicated the lowest NDVI (Table 1) value in
absolute control compared to other fertilizer application
treatments (T2-T11). The NDVI score with foliar spray of
urea and nano urea @ 6% individually (T4, T6) or together
with bulk Se (T8, T10) or nano Se (T9, T11) @ 15 ppm were
statistically similar. It ranged from 0.64 to 0.66 and 0.67 to
0.69 at the booting stage for Ludhiana and Fatehgarh Sa-
hib, respectively. It ranged from 0.60 to 0.65 and from 0.64
to 0.67 at the grain milk stage again for Ludhiana and
Fatehgarh Sahib, respectively. Data revealed that foliar
spray of nano urea was more efficient than bulk urea in
increasing the NDVI value. Also, nano and bulk urea forms
were found to be at par. Further, adding Se (bulk or nano
form) to bulk or nano urea showed no significant increase
in the NDVI score.

Chlorophyll index

The chlorophyll index (Table 2) recorded ten days after the
booting stage showed a higher value with treatments in-
volving foliar sprays of nano urea @ 6% alone or in combi-
nation with bulk or nano form of Se @15 ppm for both lo-
cations. The chlorophyll index with bulk and nano form of
urea was at par. An individual spray of Se @ 15 ppm in bulk
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Table 1. Effect of post-vegetative foliar application of nitrogen and selenium on NDVI value of wheat.

Ludhiana Fatehgarh Sahib

Treatments

Ten days after

booting stage

grain milk stage booting stage grain milk stage

T1: Absolute control (no fertilizer) 0.49 0.43 0.53 0.45
T2: Recommended dose of fertilizers (RDF) only 0.58 0.51 0.60 0.55
T3: RDF + water spray 0.59 0.52 0.60 0.55
T4: RDF + Urea spray @ 6% 0.64 0.61 0.68 0.65
T5: RDF + Se spray @ 15 ppm 0.59 0.53 0.61 0.55
T6: RDF + Nano Urea spray @ 6% 0.66 0.65 0.69 0.66
T7: RDF + Nano Se spray @ 15 ppm 0.59 0.52 0.61 0.56
T8: RDF + Urea 6% + Se 15 ppm spray 0.64 0.60 0.67 0.64
T9: RDF + Urea 6% + Nano Se 15 ppm spray 0.64 0.61 0.68 0.65
T10: RDF + Nano Urea 6% + Se 15 ppm spray 0.66 0.64 0.69 0.67
T11: RDF + Nano Urea 6% + Nano Se 15 ppm spray 0.66 0.65 0.68 0.67
CD (p=0.05) 0.04 0.06 0.05 0.06
Table 2. Effect of post-vegetative foliar application of nitrogen and selenium on chlorophyll index of wheat.
Ludhiana Fatehgarh Sahib
Treatments Ten days after

booting stage

grain milk stage booting stage grain milk stage

T1: Absolute control (no fertilizer) 35.5
T2: Recommended dose of fertilizers (RDF) only 46.2
T3: RDF + water spray 46.3
T4: RDF + Urea spray @ 6% 51.9
T5: RDF + Se spray @ 15 ppm 46.7
T6: RDF + Nano Urea spray @ 6% 55.4
T7: RDF + Nano Se spray @ 15 ppm 46.8
T8: RDF + Urea 6% + Se 15 ppm spray 52.3
T9: RDF + Urea 6% + Nano Se 15 ppm spray 52.6
T10: RDF + Nano Urea 6% + Se 15 ppm spray 56.0
T11: RDF + Nano Urea 6% + Nano Se 15 ppm spray 56.4
CD (p=0.05) 46

31.2 37.9 34.8
420 47.0 432
422 472 434
49.4 56.0 52.2
0.7 47.8 4338
53.2 57.5 54.1
429 48.1 440
49.9 56.5 52.7
50.1 56.6 53.0
53.6 57.9 54.7
53.9 58.0 54.9
4.6 46 4.9

or nano form produced chlorophyll index at par with treat-
ments fertilized with recommended fertilizers (T2) or those
followed by a foliar spray of water (T3). Absolute control
showed the minimum value of chlorophyll index, as this
was deprived of soil application of nitrogen. Adding a spe-
cific form of Se to any urea did not make a significant
difference. The same trend was observed after the second
scheduled spray at the grain milk stage. However, the
treatments deprived of any form of urea showed a de-
crease in the value of the chlorophyll index, which could
be due to the degeneration of chlorophyll as the crop ap-
proaches maturity.

Canopy temperature

The canopy temperature (Table 3) of plants at Ludhiana
and Fatehgarh Sahib in absolute control treatment (T1)
was significantly higher than the canopy temperature of
the plants in all the RDF-based treatments (T2-T11) after
both scheduled sprays. Although all the treatments from
T2 to T11 showed slight variation, they produced statisti-

cally similar canopy temperatures at both locations. The
canopy temperature at the grain milk stage was higher
than the booting stage due to the increase in the air tem-
perature.

Phenology

Days to 50% heading, 50% grain filling, and physiologi-
cal maturity

The crop was fertilized with recommended nutrients (RDF)
during the vegetative period and later on, sprayed with
bulk or nano form of urea @ 6% individually (T4, T6) or in
conjunction with bulk or nano Se @ 15 ppm (T8, T9, T10,
and T11). Booting took a significantly greater number of
days (3.5-4.5 days) to 50% heading both at Ludhiana and
Fatehgarh Sahib (Table 4 and Fig. 3). Plants in the absolute
control (T1) plot took significantly the lowest number of
days to 50% heading compared to all other treatments at
both the experimental sites. The days taken to 50% grain
filling and physiological maturity at Ludhiana indicated
that all the nano urea-based spray treatments - alone (T6)

Plant Science Today, ISSN 2348-1900 (online)
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Table 3. Effect of post-vegetative foliar application of nitrogen and selenium on canopy temperature (°C) of wheat.
Ludhiana Fatehgarh Sahib
Treatments Ten days after
booting stage grain milk stage booting stage grain milk stage

T1: Absolute control (no fertilizer) 22.1 29.2 22.3 28.3

T2: Recommended dose of fertilizers (RDF) only 20.3 27.4 20.7 26.6

T3: RDF + water spray 20.1 27.3 20.6 26.3

T4: RDF + Urea spray @ 6% 19.9 26.5 19.9 25.8

T5: RDF + Se spray @ 15 ppm 20.4 27.1 20.5 26.3

T6: RDF + Nano Urea spray @ 6% 19.7 26.3 19.7 25.6

T7: RDF + Nano Se spray @ 15 ppm 20.5 27.0 20.3 26.1

T8: RDF + Urea 6% + Se 15 ppm spray 19.7 26.5 19.9 25.7

T9: RDF + Urea 6% + Nano Se 15 ppm spray 19.7 26.4 19.8 25.7

T10: RDF + Nano Urea 6% + Se 15 ppm spray 19.6 26.1 19.6 25.6

T11: RDF + Nano Urea 6% + Nano Se 15 ppm spray 19.3 26.0 19.6 253

CD (p=0.05) 1.19 1.56 1.35 1.49

Table 4. Effect of post-vegetative foliar application of nitrogen and selenium on phenology (days to 50% heading, 50% grain filling, and physiological maturity)

of wheat.
Days to
Treatments
50% heading 50% grain filling Physiological maturity
Ludhiana
T1: Absolute control (no fertilizer) 88.5 99.0 119.0
T2: Recommended dose of fertilizers (RDF) only 91.0 104.0 124.0
T3: RDF + water spray 92.0 104.5 124.0
T4: RDF + Urea spray @ 6% 95.0 111.3 130.5
T5: RDF + Se spray @ 15 ppm 92.0 104.5 125.0
T6: RDF + Nano Urea spray @ 6% 96.0 114.0 133.3
T7: RDF + Nano Se spray @ 15 ppm 92.0 104.5 125.0
T8: RDF + Urea 6% + Se 15 ppm spray 95.0 111.5 130.5
T9: RDF + Urea 6% + Nano Se 15 ppm spray 95.5 111.5 131.0
T10: RDF + Nano Urea 6% + Se 15 ppm spray 96.5 114.0 133.5
T11: RDF + Nano Urea 6% + Nano Se 15 ppm spray 96.5 114.0 133.5
CD (p=0.05) 1.81 1.51 1.90
Fatehgarh Sahib
T1: Absolute control (no fertilizer) 89.5 106.5 123.5
T2: Recommended dose of fertilizers (RDF) only 94.0 111.0 128.5
T3: RDF + water spray 94.5 112.0 128.8
T4: RDF + Urea spray @ 6% 97.8 115.0 134.5
T5: RDF + Se spray @ 15 ppm 94.8 111.5 129.0
T6: RDF + Nano Urea spray @ 6% 98.5 116.8 136.3
T7: RDF + Nano Se spray @ 15 ppm 95.0 111.3 129.0
T8: RDF + Urea 6% + Se 15 ppm spray 98.0 114.8 134.5
T9: RDF + Urea 6% + Nano Se 15 ppm spray 98.0 115.0 134.8
T10: RDF + Nano Urea 6% + Se 15 ppm spray 98.5 116.8 136.3
T11: RDF + Nano Urea 6% + Nano Se 15 ppm spray 98.5 116.8 136.5
CD (p=0.05) 1.99 2.13 2.25

or in combination with bulk Se (T10) or nano Se (T11) @ 15
ppm were at par among themselves but significantly took
more days for 50% grain filling and physiological maturity
than all the treatments involving spray of bulk form of 6%

urea alone (T4), or together with 15 ppm bulk (T8) or nano
Se (T9), but the differences were non-significant (NS) at
Fatehgarh Sahib. The plants fertilized with RDF and later
sprayed with water, bulk, or nano Se (T2, T3, T5, and T7)
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Fig 3. Correlation graph between the duration of grain filling and grain yield of wheat a) at Ludhiana and b) at Fatehgarh Sahib, respectively.

took almost similar days to 50% grain filling and physio-
logical maturity.

Duration of grain filling

Absolute control (T1) treatment showed significant mini-
mum grain filling days (Table 5) at both locations. The
treatments involving spray of 6% urea (bulk or nano) with
or without bulk or nano Se @ 15 ppm (T4, T6, T8, T9, T10,
and T11) prolonged the grain filling duration, and this
could be due to the role of N in delaying crop developmen-

tal stages. All the treatments mentioned above were sta-
tistically at par among themselves and significantly better
than the recommended dose of fertilizers only (T2) or with
the inclusion of water (T3), bulk Se (T5), and nano Se (T7)
@ 15 ppm for both experimental sites. A foliar spray of
urea in either form of urea increased the days of grain fill-
ing. However, nano urea showed a slight edge over bulk
urea but was at par. Adding Se (bulk or nano) to a specific
form of urea did not make any significant variation.

Table 5. Effect of post-vegetative foliar application of nitrogen and selenium on duration of grain filling (days) of wheat.

Treatments Ludhiana Fatehgarh Sahib
T1: Absolute control (no fertilizer) 18.5 20.0
T2: Recommended dose of fertilizers (RDF) only 23.0 25.0
T3: RDF + water spray 23.0 25.0
T4: RDF + Urea spray @ 6% 25.5 27.3
T5: RDF + Se spray @ 15 ppm 233 25.3
T6: RDF + Nano Urea spray @ 6% 26.3 28.0
T7: RDF + Nano Se spray @ 15 ppm 23.3 25.5
T8: RDF + Urea 6% + Se 15 ppm spray 25.0 27.3
T9: RDF + Urea 6% + Nano Se 15 ppm spray 25.5 27.5
T10: RDF + Nano Urea 6% + Se 15 ppm spray 26.0 28.3
T11: RDF + Nano Urea 6% + Nano Se 15 ppm spray 26.3 28.5
CD (p=0.05) 14 1.5
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Yield

Grain yield: The lowest grain yield (Table 6) was reported
in absolute control treatment at both locations. Wheat
plants in the plot sprayed twice with 6% nano urea + 15
ppm nano Se (T11) at the booting and grain milk stages
produced maximum grain yield at Ludhiana and
Fatehgarh Sahib. At both the experimental sites, the grain
yield obtained with a post-vegetative spray of nano or bulk
urea treatments was at par. However, the yields under
nano urea-based treatments had an edge over bulk urea
treatments. The grain yield at Ludhiana with 6% bulk urea-
based treatments was higher than those obtained under
RDF. Besides, it was sprayed with water or 15 ppm bulk
nano Se, but differences were significant only between T9
and T3 treatments at Ludhiana. In contrast, at Fatehgarh
Sahib, all the treatments with a spray of 6% urea (T4, T8,
and T9) produced grain yield significantly better than T2,
T3,T5,and T7.
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Discussion
Micrometeorological parameters

Nitrogen is an essential macronutrient that plants require
and is a chlorophyll component. The results show that
foliar urea spray in bulk or nano form increased the NDVI
score for both locations. The NDVI measures the plant’s
vigor and greenness. The higher the NDVI value, the better
the vegetative growth. The foliar spray of urea (bulk or
nano) increased chlorophyll content and photosynthetic
activity, thus increasing the crop greenness and, finally,
the NDVI value. The results are per the findings of (23-24).

Nitrogen is the most crucial constituent of chloro-
phyll and is required by plants in more significant amounts
for performing various physiological processes. Therefore,
the foliar spray of N in the form of bulk or nano urea at the
reproductive stage, besides RDF at vegetative stages,
could be the reason for the increase in the chlorophyll in-
dex. The nanoform of urea, which has minute particles,

Table 6. Effect of post-vegetative foliar application of nitrogen and selenium on grain and biological yield of wheat.

Ludhiana

Fatehgarh Sahib

Treatments
Grainyield (q ha)

Biological yield (q ha?) Grainyield (q ha') Biological yield (q ha)

T1: Absolute control (no fertilizer) 314
T2: Recommended dose of fertilizers (RDF) only 46.1
T3: RDF + water spray 46.0
T4: RDF + Urea spray @ 6% 49.0
T5: RDF + Se spray @ 15 ppm 46.6
T6: RDF + Nano Urea spray @ 6% 51.3
T7: RDF + Nano Se spray @ 15 ppm 46.7
T8: RDF + Urea 6% + Se 15 ppm spray 49.3
T9: RDF + Urea 6% + Nano Se 15 ppm spray 49.5
T10: RDF + Nano Urea 6% + Se 15 ppm spray 51.6
T11: RDF + Nano Urea 6% + Nano Se 15 ppm spray 51.9
CD (p=0.05) 35

93.2 335 95.0
114.9 48.6 117.1
115.1 48.7 117.9
120.8 53.2 128.0
1153 49.1 118.7
125.1 54.3 130.6
116.1 49.2 119.0
121.4 53.5 128.8
122.2 53.8 129.5
125.9 54.6 131.6
126.5 54.9 132.1
8.7 3.9 8.9

Biological yield: The maximum biological yield
(Table 6) was found under treatment involving a dual foliar
spray of 6% nano urea + 15 ppm nano Se (T11) at both lo-
cations. The biological yield with all the treatments involv-
ing foliar spray of 6% urea (bulk or nano form) alone or in
combination with 15 ppm bulk or nano Se was found to be
statistically at par at both study locations. The nanoform
of urea was more effective in increasing the biological
yield than bulk urea due to the reduced size of nano urea,
which led to higher efficiency in penetrating the plant cells
by providing a large surface area for assimilation. At Ludhi-
ana, the biological yield with bulk urea-based treatments
was statistically at par with plots fertilized with the recom-
mended dose of nutrients (T2) or with a spray of water (T3)
or 15 ppm Se [bulk (T5) or nano (T7) form]. Still, the differ-
ences among them were found significant only at
Fatehgarh Sahib. Combining the nano or bulk Se @ 15
ppm with urea (bulk or nano form) did not significantly
change the biological yield of wheat crops.

offers a better surface area for its absorption by the plant,
thereby leading to higher efficiency, as indicated by the
numerically higher chlorophyll index over bulk urea. On
the other hand, the crop raised without adding nitroge-
nous fertilizer, as in the absolute control (T1) treatment,
might have resulted in improper chlorophyll formation
and degraded the present chlorophyll formed due to the
presence of native N. Se (nano or bulk) addition to bulk
urea or nano urea did not significantly affect the chloro-
phyllindex.

They found an increase in chlorophyll content in
wheat with foliar sprays of 1% and 2% urea over the con-
trol (25). Chlorophyll content increased in fragrant rice was
reported with a foliar spray of 40 pmol L* of sodium sele-
nate (26). An increase in total chlorophyll content of maize
leaf was noted with a foliar spray of Se (sodium selenate)
before the onset of the tasselling stage (65 days after sow-
ing) and was repeated after one week under normal and
drought conditions (27). It was reported that SeNPs were
more effective in increasing the chlorophyll content in
cowpeas compared with bulk Se (sodium selenate) (28).

https://plantsciencetoday.online


https://plantsciencetoday.online

For canopy temperature, foliar applications of urea
(nano or bulk), Se (nano or bulk), and water spray during
the reproductive phase of the crop do not cause any signif-
icant change in the canopy temperature. The abiotic stress
created by the absence of recommended nutrients in the
absolute control (T1) might have increased the respiration,
which ultimately raised the canopy temperature by a few
units and resulted in a higher canopy temperature, which
could be due to stress conditions experienced by plants as
a result of no nitrogen application. The NS effect of nitro-
gen supplementation on the canopy temperature of wheat
was also observed (29).

Phenology

The growth stages of crops were affected by the applica-
tion of fertilizers. Nitrogen spray during the reproductive
phase tends to keep the plant green longer and is thus
reported to delay the reproductive stage and the corre-
sponding maturity. This increased days to 50% heading,
50% grain filling, and physiological maturity. The grain
filling duration was also enhanced with a foliar spray of
urea. However, urea's nano form showed a numerical in-
crease due to higher efficacy. Further addition of Se (nano
or bulk) to urea and nano urea numerically increased the
days to grain filling. It was reported that foliar application
of nitrogen increased the duration of heading, grain filling,
and physiological maturity with foliar spray of nitrogen in
wheat crops (3). The addition of Se to urea (nano or bulk)
had no marked effect on days to heading, grain filling, or
physiological maturity. The results are also under the find-
ings of (30).

Grain and biological yield

Post-vegetative foliar spray of urea increased the grain
and biological yield. This is due to an increase in the pho-
tosynthetic activity of the crop with an increase in NDVI
score and chlorophyll index, as well as an increase in grain
filling duration. Due to its reduced size, Nano urea led to
higher efficiency, but grain and biological yield were at par
with both urea forms. Sole spray or adding Se to any spe-
cific form of urea did not significantly differ grain and bio-
logical yield. An increase in wheat grain yield with a foliar
nitrogen spray was noted (3, 31). It was reported that Se
fertilization had a non-significant effect on wheat grain
yield (32-34). Studies also confirmed increased biological
yield with a foliar nitrogen spray (35). It also reported in-
creased biological yield in wheat with a foliar nitrogen
spray during the reproductive phase (3).

Conclusion

Foliar spray of 6% nano urea or urea at booting and grain
milk stage of the wheat crop was found to increase NDVI
score, chlorophyll index, delayed crop development stag-
es, and increased duration of grain filling, which in turn led
to an increase in grain and biological yield of the crop.
Alone or combined Se (bulk or nano form) with the specific
form of urea did not show any significant responses. Stud-
ies need to be carried out on whether nano urea could
partially be integrated with the recommended nitrogen to
become a part of the recommended dose.
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