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ABSTRACT

Nitrogen deficiency is a widespread problem in wheat crops in Pakistan, primarily due to factors such as insufficient soil
fertility, improper fertilizer application, and limited availability of high-quality inputs. As wheat is a crucial staple crop in
Pakistan and a vital source of nutrients and energy for millions of people, the impact of nitrogen deficiency on wheat crops
is substantial. Field experiments were conducted to evaluate the effects of foliar application of nitrogen on the growth,
yield, and nutritional quality of Triple Dwarf (TD-1) wheat variety. Different doses of basal and foliar nitrogen
concentrations were applied to the wheat plants. Experiment Analysis of Variance (ANOVA) revealed a noteworthy
distinction (P<0.05) for all yield and growth characteristics appropriate to treatments. The experimental treatments
included T1 (non-treated plots), T2 (1.0% of foliar applied nitrogen), T3 (Recommended dose of nitrogen (168kg ha™),
and T4 (recommended dose (168kg ha™) + 1.0% foliar nitrogen) at the booting growth stage. The results of the study
indicated that the recommended dose of nitrogen combined with foliar application significantly influenced wheat growth
and nutritional quality. Moreover, the findings suggested that timely foliar sprays during appropriate growth stages can
maximize crop yield and improve nutritional quality in the field. Overall, this research highlights the importance of
addressing nitrogen deficiency in wheat crops through optimized nutrient management practices, such as appropriate

fertilizer application and timely foliar sprays, to enhance crop productivity and nutritional value.
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INTRODUCTION

Nutrient deficiency is a global challenge that hinders crop
production and impacts the nutritional characteristics of
wheat crops. Wheat is a widely cultivated cereal crop
globally and serves as a primary food source in Pakistan,
with a cultivated area of 9.2 million hectares in 2019-2020.
Pakistan ranks third in wheat production in Asia and eighth
in the world (GoP., 2015). Nitrogen is a crucial component
for plant growth and seed protein synthesis, and its
availability, whether through soil or foliar application,
significantly influences crop growth (Grant et al., 1991).
Among the micronutrients, nitrogen (N) is the most
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deficient nutrient in crops in Pakistan (Shah et al., 2011).
Insufficient nitrogen utilization efficiency remains a major
limiting factor for crop productivity in the country. Cereal
crops like wheat are highly responsive to nitrogen fertilizers
and vulnerable to nitrogen application.

Applying nitrogen as a foliar spray on wheat has proven to
be practical for improving both nutritional quality and
yield (Wilhelm et al., 2002). Foliar application of nitrogen
to wheat tillers is more efficient compared to soil
application, as it helps control various pathways of
nitrogen loss (Adesemoye et al.,, 2008). Numerous
experiments have been conducted to study the relationship
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between fertilization intervals and crop quality, revealing
that foliar application of nitrogen significantly affects
qualitative and quantitative traits of wheat crops (Gooding
and Davies, 1992). Notably, foliar application of nitrogen
during the booting stage is particularly beneficial, as it
facilitates rapid absorption (up to 50% within six hours)
and efficient transport of nitrogen to the grains (Gooding
and Davies, 1992). The protein content in wheat grains is a
critical quality factor that can have a significant impact on
the global market (Foca et al., 2007).

Protein content in grains plays a crucial role in determining
wheat's baking quality, and market adjustments are
established worldwide based on protein content (Woolfolk
et al., 2002). Studies have demonstrated that spraying wheat
with 10 kg ha™ urea increased seed protein content from
9.9% to 10.8% (Johnson and Prince, 2002). The protein
content of food products is often determined based on total
nitrogen content, which is then multiplied by a factor to
estimate the protein content. Studies, such as those by
Dekov (2004), have shown that foliar application of
nitrogen on the leaves two to three weeks after flowering
increases seed protein content without adversely affecting
quantity traits. Through foliar spray, grain protein content
can be maximized from 11% to 12.2%, with the foliar-
applied nitrogen primarily incorporated into storage proteins
responsible for bread-making quality (Johnson et al., 1988).
Foliar nitrogen spray not only influences protein content but
also increases grain yield (Zecevi¢ et al., 2004). The
application of foliar nitrogen during the early vegetative
stage, particularly at the boot growth stages, has the
potential to enhance yield and is commonly used to increase
grain protein content (Orloff et al., 2012). With this context
in mind, the primary objective of this research was to assess
the impact of nitrogen fertilization applied solely through
foliar spraying on winter wheat. This evaluation involved a
comparison of various nitrogen dosage levels and was
conducted in contrast to traditional soil fertilization
methods. The ultimate goal was to identify the most suitable
nitrogen dosage that would promote optimal growth and
enhance the nutritional quality of the winter wheat crop.

MATERIALS AND METHODS

Site description, experimental design, sampling, and
measurement

A two-year field experiment was conducted at the "Student's
Experimental Farm" of the Department of Agronomy, Sindh
Agriculture University, Tandojam, with coordinates of
Latitude 25.42° N and Longitude 68.53° E. The experiment
took place during the growing seasons of 2015-16 and
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2016-2017, focusing on a commercial wheat variety called
"TD-1". The experimental design employed a randomized
complete block design (RCBD) with three replications.
Each plot had a size of 4m x 3m (12m?).The study involved
four different treatments of nitrogen application. The
treatments were as follows: T1: Non-treated plots (no foliar
application of nitrogen), T2: Foliar application of 1.0%
nitrogen, T3: Recommended dose of nitrogen (168 kg/ha),
T4: Recommended dose of nitrogen (168 kg/ha) + 1.0%
foliar application at the booting growth stage.

The seedbed was well-prepared for wheat cultivation, and a
recommended dose of P: K (phosphorus: potassium) at a
ratio of 84:60 kg/ha was applied to all treatments, except for
the control plot, based on soil testing. The wheat crop
received six timely irrigations, and measures were taken to
control diseases, weeds, and pests at the experimental sites.
Observations were recorded on five randomly selected
plants from each plot. The following parameters were
measured: Plant height: Recorded in centimeters at crop
maturity, Spike length: Measured in centimeters at crop
maturity, Tillers (m?): Counted before 3™ irrigation,
Number of grains per spike: Counted and averaged Grain
yield: Weighed based on the grain yield per plot and
calculated in kilograms per hectare (kg/ha).

To evaluate quality parameters, wheat samples were
analyzed using a NIR (near-infrared) analyzer (PERTEN)
following standard routine and NIR-based methods. Five
hundred grams of wheat grain sample were fed into the NIR
analyzer, and within 5 minutes, the readings for starch and
protein concentrations appeared on the digital screen of the
Infratec Grain Analyzer. These values were reported on a
dry basis and calibrated against traditional chemistry
methods for prediction. Through these experimental
procedures, the study aimed to assess the effects of different
foliar nitrogen treatments on various growth parameters,
yield, and quality characteristics of the TD-1 wheat variety.
Statistical analysis

The data were subjected to analysis of variance and figures
were drawn by using the software Python. Two-way
ANOVAs were used the analysis the difference between
treatments, years, and parameters.

RESULTS

Plant height

The results of the study indicate that the application of
various foliar sprays had an impact on plant height. As
shown in Figure 1A, the highest mean maximum plant
height of 69.5 cm was observed in the treatment where the
recommended dose of N + 1.0% foliar of Nitrogen (T4) was
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applied. This height was significantly greater compared to
the other treatments. In contrast, the non-treatment plot (T1)
and the treatment with 1.0% Nitrogen foliar (T2) resulted in
lower plant heights of 42.5 and 67.0 cm, respectively,
compared to T4. Notably, the plant height in the non-treated
plot (T1) was even lower than in T2.Additionally, a plant
height of 68.0 cm was observed in the treatment where the
recommended dose of Nitrogen was applied. Analysis of
variance showed that 2015 -2016 had slightly high plant
height. These findings suggest that the recommended dose
of N + 1.0% foliar of Nitrogen (T4) had a significant
positive effect on plant height. Conversely, the non-
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treatment plot and the treatment with 1.0% Nitrogen foliar
(T2) resulted in lower plant heights.

Tillers m?

As presented in Figure 2, the number of tillers m?in wheat
cropswas significantly influenced by the foliar application
during the booting stage. In the non-treated plot (T1), the
wheat plants had the lowest number of tillers (m?), with
only 221 tillers m™2. At T2 and T4 the tiller m™wasrecorded
261 and 314, while in T3, the tiller m? was 318 which was
the highest as compared to other treatments. As shown in
Figure 2B in the year of 2015- 2016 had maximum numbers
of tillers (m?).
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Figure 1. A) Effect of foliar spray of Nitrogen (Treatment (T1): non-treated plots, T2: 1.0% of foliar spray, T3:
Recommended Dose of N, T4: Recommended Dose+ 1.0% of foliar spray) on plant height (cm) wheat. Whereas T stands

for Treatment; B) Effect of year on plant height (cm) wheat.
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Figure 2. A) Effect of foliar spray of Nitrogen (Treatment (T1): non-treated plots, T2: 1.0% of foliar spray, T3:
Recommended Dose of N, T4: Recommended Dose+ 1.0% of foliar spray) on Tiller (m-2) wheat. Whereas T stands for

Treatment; B) Effect of year on plant height (cm) wheat.
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Spike length

Spike length is a crucial factor affecting wheat grain
formation. Figure 3A shows the variation in spike length
(cm) of the wheat cultivar TD-1 due to different foliar
applications. Our research findings indicate that the highest
average spike length (9.21 cm) was observed in T4, where
the recommended dose of nitrogen was combined with a
1.0% foliar spray of nitrogen was applied. Following
closely, T3 with the recommended dose of nitrogen
exhibited a spike length of 9.21 cm. In contrast, the control
plots (non-treated) at T1 showed the shortest spike length,
measuring 6.4 cm. additionally, a spike length of 7.4 cm
was recorded at T2, where only a 1.0% foliar spray was
applied. These results highlight the positive impact of foliar
applications, particularly when the recommended dose of
nitrogen was supplemented with a 1.0% foliar spray, on

7a é
10

A 11 T2 3 14

Treatments

spike lengthlom)

DOI: 10.56810/jkjagri.003.02.0071

achieving maximum spike lengths in the wheat cultivar TD-
1. As shown in the Figure 3B 1% year of sown had
maximum spike length as compare to second year.

Grain per spike

The statistical analysis for grains spike™was affected by the
various concentration of foliar application of Nitrogen,
shown in Fig 4A. Our research findings indicate that the
highest average grains per spike (50.5 and 55.5 grains/spike)
were observed in T3 and T4. In contrast, T2, where only
0.1% nitrogen was applied in a different manner, exhibited
slightly lower grains per spike. The lowest grains per spike
found (42.5 grains per spike) was recorded in the non-
treated plot (T1), which served as the control plot and
received no nitrogen application. These results suggest that
the grains per spike were maximized when basal and sprays
of nitrogen were applied.
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Figure 3. A) Effect of foliar spray of Nitrogen (Treatment (T1): non-treated plots, T2: 1.0% of foliar spray, T3:
Recommended Dose of N, T4: Recommended Dose+ 1.0% of foliar spray) on spike length (cm) wheat. Whereas T stands for

treatment. B) Effect of the year on spike height (cm) wheat.
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Figure 4. A) Effect of foliar spray of Nitrogen (Treatment (T1): non-treated plots, T2: 1.0% of foliar spray, T3: Recommended
Dose of N, T4: Recommended Dose+ 1.0% of foliar spray) on grain per spike wheat. Whereas T stands for Treatment. B)

Effect of year on grain per spike wheat.

This  highlights  the significance of nitrogen
supplementation through foliar applications in enhancing
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the development and productivity of wheat spikes,
resulting in a higher number of grains per spike. Analysis
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of variance shows in the year of 2016- 2017 had
maximum grain per spike.

Grain yield (kg/ha)

The analysis of variance for grain yield (kg ha™) showed a
significant response to the foliar application of Nitrogen as
illustrated in Figure 5A. Our research findings revealed that
the highest grain yield (5081 and 5231 kg/ha) resulting from
nitrogen foliar spray was observed in T3 and T4,
respectively. In contrast, the non-treated control plots
exhibited the lowest grain yield (3210 kg/ha), while T2
showed a grain yield of 4196 kg/ha.

These results indicate that the foliar application of nitrogen,
specifically when combined with the recommended dose
along with a 0.1% nitrogen spray (T4), positively influenced
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grain yield. The grain yields obtained in these treatment
groups were significantly higher compared to the non-
treated control plots.

Grain protein

Analysis of grain protein (%) showed a significant response
to the foliar concentration of Nitrogen, which is presented in
Figure 6A.

Our finding shows that the maximum mean grain protein
(Dry basis) (12 % and 13%) was obtained at T3 and T4 of
nitrogen foliar spray and minimum protein content (9%) at
non-treated control plots. While 11% were found at T2. By
comparing the two growing seasons, 2015-2016 had slightly
low grain protein content. While in the 2nd year, while it
was the opposite for grain protein.
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Figure 5. A) Effect of foliar spray of Nitrogen (Treatment (T1): non-treated plots, T2: 1.0% of foliar spray, T3:
Recommended Dose of N, T4: Recommended Dose+ 1.0% of foliar spray) on grain yield (kg-1) wheat. Whereas T stands for

Treatment; B) Effect of year on grain yield (kg ha-1) wheat.
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Figure 6. A) Effect of foliar spray of Nitrogen (Treatment (T1): non-treated plots, T2: 1.0% of foliar spray, T3:
Recommended Dose of N, T4: Recommended Dose+ 1.0% of foliar spray) on grain Protein (%) wheat. Whereas T stands for

Treatment. B) Effect of year on grain Protein wheat.

In Table 1, the results of a comprehensive statistical analysis
investigating the relationship between various plant
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characteristics, including plant height (cm), tiller (m™), spike
length (cm), grain per spike, yield, and grain protein, are
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presented. The analysis aimed to assess the impact of the
variables 'Treatments' and "Year' on these plant characteristics.
The findings from the analysis indicate that the 'Treatments'
factor has a significant effect on plant height, tiller, spike
length, grain per spike, yield, and grain protein. This implies
that the different treatments applied to the plants have led to
noticeable variations in these plant characteristics. The
statistical significance of the "Treatments' factor, as indicated

DOI: 10.56810/jkjagri.003.02.0071

by the low p-value, strengthens the evidence for its
influence on the studied variables. Further examination of
the results reveals that the treatment associated with the
recommended dose of N + 1.0% foliar of Nitrogen (T4)
resulted in the highest mean plant height. This height was
significantly greater than those observed in the other
treatments, indicating the effectiveness of this specific
treatment in promoting plant growth.

Table 1. The results of a comprehensive statistical analysis between treatment and years on growth, yield, and nutritional

quality of wheat*, significant at p < 0.05.

Parameters Source Df Mean_sq F PRCF)
Plant Height (cm) C (Treatment) 3.0 331.50 68.58 0.002
C (year) 1.0 10103 0.103 0.768
Tillers m? C (Treatment) 3.0 4277.12 30.23 0.009
C (year 1.0 78.125 0.552 0.511
Spike Length (cm) C (Treatment) 3.0 3.890 207.69 0.0005
C (year 1.0 0.5202 27.768 0.0133
Grain spike™ C (Treatment) 3.0 228.45 288.57 0.0003
C (year 1.0 1.125 1.4210 0.3189
Yield (Kg ha™) C (Treatment) 3.0 1.739 98.631 0.0017
C (year 1.0 1.468 0.832 0.4288
Grain Protein (%) C (Treatment) 3.0 7.156 58.003 0.003
C (year 1.0 0.092 0.7492 0.450

In contrast, the 'Year' factor does not demonstrate a
significant effect on the plant characteristics analyzed in this
study. This suggests that year-to-year variations, within the
scope of the study, did not have a statistically significant
impact on plant height, tiller density, spike length, grain per
spike, yield, and grain protein. The statistical insignificance
of the 'Year' factor, as supported by the high p-value,
suggests that the observed differences in these plant
characteristics across the studied years are likely due to
random fluctuations or other unexamined factors.

Based on the statistical analysis presented in Table 1, the
'"Treatments' factor shows a significant effect on plant
height, tiller, spike length, grain per spike, yield, and grain
protein. In contrast, the 'Year' factor does not demonstrate a
significant effect on these plant characteristics. These
findings underscore the importance of the specific
treatments applied to the plants in influencing their growth
and yield-related attributes. The results contribute to our
understanding of the factors influencing these plant
characteristics in the context of the study, providing
valuable insights for agricultural practices and further
research in crop improvement.

In contrast, the 'Year' factor does not demonstrate a
significant effect on the plant characteristics analyzed in this
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study. This suggests that year-to-year variations, within the
scope of the study, did not have a statistically significant
impact on plant height, tiller, spike length, grain per spike,
yield, and grain protein.

These findings highlight the significance of the specific
treatments applied to the plants in influencing their heights
and other plant characteristics, such as tiller, spike length,
grain per spike, yield, and grain protein. The results
contribute to our understanding of the factors influencing
these plant characteristics within the context of the study.
They provide valuable insights for agricultural practices
aiming to optimize plant growth, improve yield, and
enhance grain quality.

DISCUSSION

Nitrogen is a primary macronutrient that significantly
impacts the growth and development of wheat. A foliar
application of fertilizer can supply nutrients for crops more
rapidly than soil application, especially during late sowing
(Fageria et al., 2009; Zhang et al., 2010). Implementing the
foliar application of nitrogen help reduces the losses due to
leaching, denitrification, and immobilization (Gooding and
Davies, 1992). Previous researchers also studied that foliar
application of Nitrogen is helpful for wheat growth and
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yield (Blandino et al., 2015; Wang et al., 2021).

The present study showed wheat plant height, tillers (m),
spike length (cm), grains spike™ grain yield (kg ha?), and grain
protein (%) were influenced by foliar application of Nitrogen.
These results suggest that wheat crops rapidly absorb Nitrogen
due to the foliar application of Nitrogen. These findings are
similar to the previous studies (Alston, 1979; Arif et al., 2006;
Kenbaev and Sade, 2002; Rogalski, 1994; Shah and Saeed,
1989; Strong, 1982; Veesar et al., 2017).

Recent studies support the notion that the dose of foliar
fertilization plays a crucial role. Late-season supply, at
booting, has proven to be more effective in increasing yields
and nutritional quality and improving bread-making
properties compared to the control plot, as observed in our
T3 treatment (Arif et al., 2006; Woolfolk et al., 2002). It is
believed that recommended dose + 1.0% foliar spray early
foliar application increases the yield and nutritional quality.
However, at the booting stage, the absorbed nitrogen
primarily goes toward the developing kernels. Additionally,
we propose that small amounts of foliar nitrogen applied at
booting, as seen in our treatment 2, are insufficient to
significantly enhance grain quality, likely due to a
cumulative deficiency from earlier growth stages.

In this study, among the three treatments, the quality of
protein in grain is directly related to the absorption and
accumulation of Nitrogen in wheat. The protein content in
grain was significantly affected by the absorption of
Nitrogen. Enhancement in grain protein was more
noticeable when Nitrogen was sprayed with higher
concentrations at the booting stages. Our findings show that
results had that the booting stage is primarily used to
increase protein; these findings are similar to the previous
works of scientists (Abdi et al., 2002; Mahajan et al.,
2004).Several studies have reported an increase in grain
protein content (GPC) under different doses of nitrogen
(Johansson et al., 2003; Rao et al., 1993).

In general, our study revealed that Recommended dose (168
kg/ha) +1.0% Nitrogen as a foliar spray is superior over other
treatments of nitrogen applications to enhance wheat yield
and quality. Moreover, the growing season had a no
significant effect on different parameters. The foliar
fertilization along with the basal fertilization technique is eco-
friendly and better for nutrient enhancement in wheat crops.

CONCLUSIONS

It was concluded that the recommended dose of nitrogen
combined with foliar application significantly influenced
wheat growth and nutritional quality. Moreover, the
findings suggested that timely foliar sprays during
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appropriate growth stages can maximize crop yield and
improve nutritional quality in the field.
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