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Abstract
A field trial examined the impact of nitrogen sources and application stages on yield components. The research was
conducted at the Agronomy Research Farm, The University of Agriculture Peshawar, during the winter of 2022. The
experiment was arranged in a Randomized Complete Block Design (RCBD) with three replications. The experiment
consisted of three factors: the first factor involved Nitrogen Levels (NL) (100, 120, and 140 kg. ha™), the second factor
pertained to application sources (S), urea and Farm Yard Manure (FYM) (urea + FYM), and the third factor addressed
application stages (A) (sowing, tillering, and stem elongation). Nitrogen levels significantly affected spikes m?(255.0), net
grains weight spike™ (2.6 g), grains spike™ (52.2) and thousand grains weight (48.1 g), respectively. Application stages
significantly affected net gain weight (2.5 g) and thousand grains weight (46.9 g). Applications sources also significantly
affected grains spike™ (52.7). The interaction NL x S significantly affected grains spike™. Similarly, the interaction S x A
also suggestively affected grains spike™. The interaction NL x A affected the thousand-grain weight significantly. The
research concluded that applying integrated nitrogen sources (Urea + FYM) at a rate of 120 kg. ha™ at an application stage
of stem elongation gives a higher yield and is recommended to the end users.
Keywords: Field trial, nitrogen sources and level, yield components, Urea, FYM, thousand grains weight, spikes m, net
grains weight spike™

Highlights:
1. The yield components of wheat were significantly affected by Nitrogen levels and application sources (S).
2. The interaction between nitrogen levels and application sources had significant pretentious components of wheat crops.
3. Applying integrated nitrogen sources at a specific stage resulted in stem elongation and higher yield.

1. Introduction

Wheat (Triticum aestivum L.) belongs to the family Poaceae and is a significant food source for the people on this planet
(Khan et al., 2021). Wheat is cultivated worldwide, including in Pakistan. Its grains are inexpensive energy sources, giving
20% of calories and protein to more than 4.5 billion people in 94 developing countries. It also offers digestible fibers,
vitamins, beneficial phytochemicals and minerals (Braun et al., 2010). Globally, Pakistan holds the 8" position among
leading wheat-producing countries. Wheat contains substantial dietary nutrients constituting 70%, 22%, 14%, 14%, 2%,
and 1.8% of carbohydrates, crude fiber, proteins, water, lipids, and minerals, respectively (Faroog et al., 2015). Its
cultivation extends both irrigated and rainfed areas worldwide. According to the reports of the Ministry of National Food
Security and Research (2018), Pakistan's total wheat-growing area was 8972.5 thousand hectares (K.ha), yielding a total
production of 26673.6 metric tons, with an average production of 2973 kg ha™. In Khyber Pakhtunkhwa (KP), wheat is
cultivated on a total area of 748.7 K.ha, producing 1365.1 million tons. Ministry of Finance (2009) reports indicated that
wheat contributes 14% of agriculture's value and 3% to Pakistan's GDP. The Pakistan Economics Survey for 2018-2019
revealed that the wheat area and production were 8,825 thousand ha; the report of Pakistan Economic Survey showed that
the area and production of wheat was 8,825 thousand ha and 25 million tons, respectively, making a 1.8 and 2.50 increase
from the previous year. After ten years (in 2030), the world population is projected to be approximately 8.5 billion (UN
DESA, 2015). Population pressure and growing food demand are linked, so we need maximum production for this vast
population. During 2020-2021, wheat was 8.7% with 1.7%, with country wheat production 24 crore, 90 lac tons. Wheat
cultivated area increased 1.7 lac. The reduction in wheat yield in Pakistan can be attributed to various factors. The leading
causes of this decline in wheat production include water scarcity, calcareous soil conditions, shrinking cultivated areas,
changing rainfall patterns, traditional farming practices, imbalanced nutrient availability, extended sugarcane crushing
seasons, weed infestation, and fog and smog during November to January. However, wheat production has increased by
2.5% in the current period due to an expansion in cultivated areas, reaching 8,825 hectares (Pakistan Economic Survey,
2019-2020). Applying Nitrogen (N) fertilizer is essential for crop production and successful wheat cultivation. Among the
essential macronutrients, N holds particular significance in plant nutrition as it increases wheat yield, elevated crude protein
content, enhanced grain gluten content, and overall seed quality (Ali et al., 2011, Litke et al., 2018; Abbas et al., 2023).
Nitrogen is recognized as a crucial macronutrient affecting wheat productivity and Nitrogen Use Efficiency (NUE) (Chen
et al., 2020). In recent years, nitrogen has been extensively utilized in wheat production, resulting in a notable increase in
wheat yield (Duan et al., 2019). The annual fertilizer requirement in Pakistan is approximately 8 million tons, with urea
accounting for 5.6 million tons. However, there are challenges associated with urea usage, including volatilization, de-
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nitrification, leaching, and economic issues. As a widely used nitrogen fertilizer, urea faces problems such as ecological
impact, loss through volatilization, and economic challenges due to its low price. Pakistan has experienced a loss of about
5.7 kilograms of nitrogen per hectare in urea application, resulting in a total loss of 3.4 million tons and a cost of
approximately 40.5 billion US dollars (Pakistan Economic Survey, 2012-13 ). Organic sources also serve as a valuable
nitrogen supply for plants, which must transform into inorganic forms such as ammonium (NH4") or nitrate (NO3’) before
being utilized by plants. Compost, manures, cover crops, crop residues, and city waste products are examples of organic
nitrogen sources (Bakhtiar et al., 2017; Mikkelsen and Hartz, 2008). Applying a combination of 120 kg N per hectare from
organic and inorganic sources in different ratios has been shown to enhance the crop stand of wheat (Belete et al., 2018;
Khan et al., 2021; Naz et al., 2023). Adding Farm Yard Manure (FYM) to the soil improves water penetration. It increases
the concentration of residual nitrate (NO3") in the top 50-55 cm of soil compared to using only urea fertilizer. Additionally,
the integrated use of farmyard manure and urea results in higher wheat production than Urea or FYM alone while reducing
nitrate leaching compared to urea alone (Mazhar et al., 2018; Naz et al.,2023).

Organic manures release nutrients slowly, but their interaction with beneficial microbes can expedite the nutrient-release
process (Shaheen et al., 2017). The microorganisms present in FYM play a crucial role in producing hormones and enzymes,
stimulating photosynthesis, preventing soil diseases, and initiating organic matter decomposition. Lactic acid bacteria, part
of plant growth-promoting bacteria, enhance the availability of nutrients from organic sources and defend plants from biotic
and abiotic stresses (Lamont et al., 2017). Photosynthetic bacteria can fix nitrogen, produce growth hormones and antiviral
factors (Katsuda et al., 2004), enhance root growth (Kuo et al., 2014), improve photosynthesis and chlorophyll content, and
mitigate the toxic effects of heavy metals (Nunkaew et al., 2014). Using beneficial microorganisms in agriculture has gained
attraction among Pakistani farmers as a technology to enhance soil fertility and productivity. Organic fertilizers like
farmyard manure can reduce the reliance on inorganic fertilizers, and these technologies play an energetic role in boosting
the production of agronomic crops (Bremner & Mulvaney, 1982; Naveed et al., 2015). Adequate rates of the application
of organic sources result in the prosperity of organic farming (Vermeulen et al., 1993; Ram et al., 2014). Therefore, this
study was planned to apply FYM with different N levels on wheat crops to meet the nutrient requirements of wheat through
organic means.

2. MATERIALS AND METHOD

2.1. Selection of Research Farm.

The experiment utilized the essential facilities at the Research Farm of Agronomy, University of Agriculture, Peshawar.
2.2. Soil Testing

Before starting the experiment, conduct a thorough soil analysis to assess the soil's electrical conductivity (EC, 309+0.2
pS/cm), pH (7), texture, and other relevant properties. This information will help determine the initial soil conditions and
the need for nutrient amendments.

2.3. Plot Layout and Marking

Plan the layout of experimental plots. Based on the information, each plot should be 1.8m x 5m, with six rows spaced 30
cm apart. Mark the plots accurately on the field.

2.4. Phosphorus Application

The basal phosphorus (P) dose at 60 kg ha™ was applied uniformly across the experimental plots, followed by using
phosphorus in the soil during soil preparation.

2.5. Nitrogen Application

The calculated amounts of nitrogen from FYM were applied one month before wheat was sowed. It involved spreading the
FYM evenly over the plots and incorporating it into the soil.

2.6. Irrigation Management

Irrigation schedules based on crop water requirements ensure that each plot receives the appropriate amount of water to
maintain optimal growth conditions.

2.7. Sowing Wheat

Khaista 2017 was selected as a stress-tolerant and high-yielding wheat variety for planting. The seeds were sowed in the
prepared plots according to the designated row spacing and seeding rate, ensuring an even distribution of seeds within each
row.

2.8. Nitrogen Application (Urea)

Apply inorganic nitrogen (Urea) at the specified rates and stages of sowing, first tiller emergence, and 5 nodes detectable at
stem elongation. This can involve careful application of urea near the base of the wheat plants.
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2.9. Weed and Pest Management
It has implemented proper weed and pest management practices to prevent interference with the experiment. Regularly
monitor and control any negative factors that may affect the crop's growth.
2.10. Irrigation Management
Constant irrigation of the plots is needed throughout the growing season, ensuring that the wheat crop obtains adequate
water for optimum development.
2.11. No. of spikes. m™
A number of spikes were counted in four different rows, and it was converted into a number of spikes m using the following
formula:

spikes counted 2

Spikes m?= : x1m
No.of selected rows X R—R distance X row length

1)

Where R-R is Row-row distance (m)

2.12. Net grains weight spike™? (g)

Four spikes at the anthesis stage were taken. They were then oven-dried and weighed. After that, 4 spikes at maturity were
taken before harvesting and weighed; then, the weight of oven-dried spikes at anthesis was subtracted from the weight of
spikes taken at maturity and then averaged.

2.13. Grains spike?!

Grains spike™ were counted randomly in five spikes, and then averaged.

2.14. 1000 grains weight (g)

After threshing and cleaning the seeds, a thousand grains were taken from each plot and weighed by electronic balance up
to two decimals.

Data Analysis: Analyze the collected data statistically to assess the effects of integrated nitrogen application on wheat yield
and its components. Compare the different nitrogen application rates and stages to determine any significant differences.
Statistical analysis

The data was subjected to statistical analysis for the Randomized Complete Block Design (RCBD). This technique
allowed us to account for the block variability and test the treatments' effects. The F-test results were significant at the

0.05 level, representing that there were noteworthy differences among the treatment means

3. Result and Discussion

3.1. Number of spikes m

The data (Table 1) reveals the correlation between the number of spikes per square meter and different nitrogen levels,
application stages, and the inclusion of FYM. Data was recorded in three rows of one meter and then converted to spikes
per m2 (Equation 1). Analysis of the data revealed that nitrogen level has a substantial impact on spikes m. The number of
spikes m was higher (229) at a nitrogen level of 120 kg ha™ and lowest (219) at a nitrogen level of 100 kg ha*. NL x S,
NL x A, S x A, and NL x S x A all had no statistically significant effects on spike m?. The difference in mean between the
control group and the rest group was determined to be substantial. In comparison, lesser spikes m? (216) were revealed in
the plot when Urea and FYM were administered, and higher spikes m™ (234).

Nitrogen levels significantly affect spikes m™. Higher spikes of m are obtained at a nitrogen level of 120 kg ha™ while the
lower spikes of m? obtained at a nitrogen level of 100 kg ha™* mean that either the crop is nitrogen responsive or the soil is
deficient in nitrogen. The control Vs rest also showed a significant effect on spikes m. Higher spikes of m™ were gained
in the plot where nitrogen and FYM were applied, while lower spikes of m? were obtained in the control plot where no
nitrogen and FYM were applied. These findings align with the results of Ali et al. (2011), who also reported higher spikes
2in the plot where nitrogen and FYM were applied (Hooda & Malik 2019).
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Table. 1 Effect of N sources and application stages on spikes m.

Nitrogen level (NL) (kg ha™) Application source (S)  Application stages (A) NL x A
Sowing First Tiller  Stem Elongation

100 Urea 217.9 207.9 233.8 219.9
Urea+ FYM 200.2 231.8 219.9 217.3

120 Urea 211.3 234.1 236.6 227.3
Urea + FYM 224.6 241.3 227.4 231.1

140 Urea 249.9 234.3 266.2 250.1
Urea + FYM 267.1 252.1 260.3 259.8

100 209.1 219.9 226.8 2186 Db

120 217.9 237.7 232.0 229.2b

140 258.5 243.2 263.2 255.0a
Urea 226.4 225.4 2455 2324
Urea+ FYM 230.6 241.7 235.9 236.1

228.5 233.6 240.7

Control 216 ab

Control Vs. Rest Rest 534 75314

SOV (full form) L

N Levels (N) 21.73

Application stages (A) NS

Application Sources (S) NS

NL x S NS

NL x A NS

SxA NS

NL x S x A NS

Means of the same category followed by different letter(s) are significantly different at 5% level of probability using the LSD test.

3.2. Net grains weight spike

The effects of nitrogen levels, application stages, and nitrogen levels combined with FYM on net grain weight per spike (g
spike™ are shown in Table 2. The study of the data shows that nitrogen levels have a considerable impact on net grain weight
per spike™. Notably, a nitrogen level of 140 kg ha™ produced the highest net grain weight, which was 2.6 grams, while a
nitrogen level of 100 kg ha™ produced a significantly lower net grain weight, 2.2 grams. The application stage also
considerably impacted the net grain weight per spike™. Meanwhile, the planting stage produced a lower net grain weight.
The stem elongation stage showed a greater net grain weight of 2.5 grams. However, the sowing phase decreased net grain
weight by 2.2 grams. However, the application procedure had no statistically significant impact on net grain weight. Similar
to the interactions between nitrogen levels and application stages, nitrogen levels and application methods, application
stages and methods, and the combined interaction of all factors (NL x S x A), none of these interactions significantly
impacted net grains weight per spike™.

Nitrogen levels significantly affected net grain's weight spike™. Higher net grain weight was recorded at a nitrogen level of
140 kg ha™ while lower net grain weight spike™ was recorded at a nitrogen level of 100 kg ha™. Application stages also
influenced net grain significantly. Higher net grain was obtained at an application stage of stem elongation, while lower net
grain weight was recorded at an application stage of sowing. The mean comparison between control Vs rest significantly
affected net grain weight. Higher net grain weight was recorded in the plot where nitrogen level and FYM were applied,
while lower net grain weight was recorded in control plots. Our findings align with the results of Choudhary et al. (2022),
who also recorded higher net grain weight (3g) at 25% RDF + FYM @ 18 t ha* (Fattah et al.,2015).
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Table 2. Effect of N sources and application stages on average net grain weight spike™ (g)

Nitrogen level (NL) (kg ha®) Application source (S) Application stages (A) NL x A
Sowing First Tiller ~ Stem Elongation

100 Urea 2.134167 2.141667 2.129167 2.135
Urea + FYM 2.1 2.4 2.2 2.2

120 Urea 2.0 2.3 2.4 2.3
Urea + FYM 2.1 2.4 2.7 2.4

140 Urea 2.5 2.5 2.7 2.6
Urea + FYM 2.3 2.5 3.1 2.6

100 2.1 2.3 2.2 2.2b

120 2.1 2.4 2.6 2.3b

140 2.4 2.5 2.9 2.6a
Urea 2.2 2.3 2.4 2.3
Urea + FYM 2.2 2.4 2.6 2.4

2.2b 2.4 ab 25a

Control Vs. Rest Control 1.9233 b
Rest 2.3725a

Source of Variance LSD

N Levels (N) 0.24

Application stages (A) 0.24

Application Sources (S) NS

NL x S NS

NL x A NS

SxA NS

NL xS x A NS

Means of the same category followed by a different letter(s) are significantly different at a 5% level of probability using the LSD test.
3.3. Grains spikes™

The information in Table 3 illustrates the effects of N concentrations, N concentrations mixed with FYM, and different
application phases on the quantity of grains per spike (grains spike™) in wheat. The data shows that nitrogen concentrations
significantly affect the number of grains spike™. In particular, at a N level of 140 kg per ha, more grains per spike (52) were
recorded, but at a N level of 100 kg per ha, less grains per spike (40) were seen. The influence on application phases was
found to be insignificant. However, the selection of application sources has a significant effect. When Urea and FYM were
combined, the number of grains per spike increased (53) but decreased (50) when just urea was used. While the interaction
between application stages and techniques (S x A) substantially impacted grains per spike, the interaction between nitrogen
levels and application stages (NL x S) was insignificant. This study showed that urea+ FYM enhanced the number of grains
per spike at all stages.

Nonetheless, all-encompassing interaction (NL x S x A) was shown to be non-significant. Nitrogen levels have a significant
impact on the number of grain spikes™. A higher number of grain spike-1 was recorded using N at a rate of 140 kg ha-1,
while a lower number of grain spike™ was recorded using N at a level of 100 kg ha™. Different application sources also had
a significant effect on no of grains spike™. The higher number of grain spike-1 was recorded when urea was applied in
integration with FYM while a lower number of grain spike™ was recorded when only urea was applied. The effect was
found significant in the interaction NL x S. In the case of interaction, S x A showed a significant impact on the number of
grains spike™. The comparison between control Vs rest also showed a significant effect, where a higher number of grain
spike-1 was recorded in the plot where Urea and FYM were applied, and a lower number of grain spike™ was recorded in
the control plot. These results conform with Kavita et al. (2019), who also reported that utilizing 120 kgN.ha™* significantly
enhanced growth parameters, yield, and yield attributes compared to the control group. Furthermore, the combined
application of 15t/ ha FYM with 120 kg N/ha demonstrated a substantial improvement in both the growth and yield of
wheat (Baillot et al., 2018).
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Table 3. Effect of N level, FYM and application stages on grains spike?

Nitrogen level (NL) (kg ha®) Application source (S) Application stages (A) NL x A
Sowing First Tiller  Stem Elongation

100 Urea 49.7 49.7 48.3 49.2
Urea + FYM 48.7 51.0 52.5 50.7

120 Urea 49.8 50.3 49.7 49.9
Urea + FYM 53.3 54.0 56.3 54.6

140 Urea 50.0 52.0 50.0 50.7
Urea + FYM 54.0 50.3 53.9 52.8

100 49.2 50.3 50.4 50.0b

120 52.0 51.2 52.0 51.7ab

140 51.6 52.2 53.0 52.2a
Urea 49.8 50.7 49.3 49.9b
Urea + FYM 52.0 51.8 54.2 52.7 a

50.9 51.2 51.8

Control Vs. Rest Control 46.33333b
Rest 51.30741a

Source of Variance LSD

N Levels (N) 1.27

Application stages (A) NS

Application Sources (S) 1.03

NL x S *

NL x A NS

SxA *

NL xS x A NS

3.4. Thousand-grain weight (g)

The data in Table 4 illustrates the impact of several N levels, application stages, and the integration of nitrogen levels with
farmyard manure (FY M) on a thousand-grain weight. Data analysis showed that the N level significantly affected the weight
of a thousand grains. A higher thousand-grain weight (48.1g) was recorded using a nitrogen level at a rate of 140 kg.ha™*
while lower thousand-grain weight (44.3 g) was recorded at 100 kg.ha™ nitrogen level.

Furthermore, application stages also exhibited a significant effect on thousand-grain weight. The maximum weight (46.9 g)
occurred during the stem elongation stage, while the minimum weight (44.66 g) was recorded at the sowing time stage.
However, the source of application had a non-significant effect on the grain weight. Similarly, the interaction between
nitrogen levels and application stages (NL x S) showed a non-significant effect on thousand-grain weight (Hammad et al.,
2011). Conversely, the interaction (NL x A) demonstrated a significant impact, indicating that increasing nitrogen levels
across all application stages increased the thousand-grain weight. Interactions (S x A) and (NL x S x A) were found to be
non-significant. The planned mean combinations exhibited a significant effect on thousand-grain weight. The highest weight
(45.6 g) was observed in plots where nitrogen and FYM were applied, and the lowest weight (42.3 g) was recorded in the
control plots (Horvat et al.,2021; Khan et al.,2023; Khan et al., 2013; Walsh et al., 2018).).

Results showed that nitrogen levels significantly affected the weight of thousands of grains. A higher thousand-grain weight
was recorded using the N level at 140 kg ha™ while a lower thousand-grain weight was recorded at 100 kg ha™ nitrogen
level. Application stages also significantly affected thousand-grain weight. Higher thousand-grain weight was recorded at
an application stage of stem elongation, while lower thousand-grain weight was recorded at an application stage of sowing
time. The planned mean combination significantly affected thousand-grain weight (Memon et al.,2013). Higher thousand-
grain weight in plots where N level and FYM were applied, while lower thousand-grain weight was recorded in the control
plots. These findings are similar to the conclusion of Muhammad et al. (2013), who reported that a maximum thousand-
grain weight was produced where FYM + Full NPK was applied while a minimum thousand-grain weight was recorded
where no FYM and NPK was applied (Mahmood et al., 2023; Rathwa et al., 2018).
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Table 4. Effect of N level, FYM and application stages on 1000 grains weight (g).

Nitrogen Level (NL) (kg ha™) Application source (S)  Application stages (A) NL x A
Sowing First Tiller Stem Elongation

100 Urea 44.7 44.3 43.7 44.2
Urea + FYM 44.0 45.0 44.3 44.4

120 Urea 43.0 44.0 43.7 43.6
Urea + FYM 44.0 47.0 45.0 45.3

140 Urea 45.7 45.3 52.0 47.7
Urea + FYM 46.0 46.7 53.0 48.6

100 44.3 44.7 44.0 44.3 b

120 43.5 45.5 44.3 44.4 Db

140 45.8 46.0 52.5 48.1a
Urea 44.4 44.6 46.4 45.1
Urea + FYM 44.7 46.2 47.4 46.1

44.6b 45.3ab 46.9 a

Control Vs. Rest Control 42.33333b
Rest 45.62963a

Source of Variance LSD

N Levels (N) 1.85

Application stages (A) 1.85

Application Sources (S) NS

NL x S NS

NL x A *%

SxA NS

NL xS x A NS

Means of the same category followed by a different letter(s) are significantly different at a 5% level of probability using the LSD test.
4. Conclusion

In this investigation, integrated nitrogen sources (Urea + FYM) at a rate of 120 kg ha* significantly influence the application

stage of stem elongation, give a higher yield and increase the spike numbers, indicating the potential provides a reference

for the rational application recommended to the end users.

Acknowledgement:

We want to thank all the authors who contributed to this paper. Their expertise, insights, and feedback were invaluable for

shaping the research question, methodology, analysis, and discussion. We also appreciate their patience and cooperation

throughout the writing and revision process. Without their support and collaboration, this paper would not have been
possible.

Conflict of interest: No conflict of interest exists among the authors

References

Ali, A., Syed, A. A. W., Khaliqg, T., Asif, M., Aziz, M., & Mubeen, M. (2011). Effects of nitrogen on growth and yield
components of wheat. (Report). International Bioliological Science 3(6), 1004-1005.

Abbas, M. H., Ali, M. W., & Ahmad, S. (2023). The improvement of the quality and shelf life of sweet orange cv. Red
blood at ambient temperature through the application of ginger (Zingiber officinale) extracts. Journal Advances of
Nutrition Science & Technology, 3(1),5-14

Ali, K., Arif, M., Shah, S., Hussain, Z., Ali, A., Munir, S., & Sher, H. (2015). Effect of organic and inorganic nutrient
sources on phenology and growth of wheat. Pakistan Journal Botany, 47(6), 2215-2222.

Baillot, N., Girousse, C., Allard, V., Piquet-Pissaloux, A., & Le Gouis, J. (2018). Different grain-filling rates explain grain-
weight differences along the wheat ear. PLoS One, 13(12), e0209597.

Bakhtiar, M. Z. Afridi, M., F. Munsif, M. Zahir, I. R. Arshad, S. Rehman, S. Khan, M Adil, M. R. Khan, M. N. Khan and
M. Faroog. (2017). Dry matter partitioning and grain yield of wheat as affected by sources, methods and timing of
nitrogen application. Pure and Applied Biology (PAB), 6(4), 1198-1215.

Belete, F., Dechassa, N., Molla, A., & Tana, T. (2018). Effect of split application of different N rates on productivity and
nitrogen use efficiency of bread wheat (Triticum aestivum L.). Agriculture & Food Security, 7(1), 1-10.

69




Khan et al., 2023

Bremner, J. M., & Mulvaney, C. S. (1982). Total Nitrogen. In methods of soil analysis, part 2. Madison WI, ASA-SSSA,
595-624.

Braun, H. J., Atlin, G., & Payne, T. (2010). Multi-location testing as a tool to identify plant response to global climate
change. In Climate change and crop production (pp. 115-138). Wallingford UK: CABI.

Chen, Y., Zhang, P., Wang, L., Ma, G, Li, Z., & Wang, C. (2020). Interaction of nitrogen and phosphorus on wheat yield,
N use efficiency and soil nitrate nitrogen distribution in the North China Plain. International Journal of Plant
Production, 14, 415-426.

Choudhary, L., Singh, K. N., Gangwar, K., & Sachan, R. (2022). Effect of FYM and Inorganic fertilizers on growth
performance, yield components and yield of wheat (Triticum aestivum L.) under indo-gangetic plain of Uttar
Pradesh. The Pharma Innovation Journal, 11(4), 1476-1479.

Duan, J., Shao, Y., He, L., Li, X., Hou, G, Li, S., ... & Xie, Y. (2019). Optimizing nitrogen management to achieve high
yield, high nitrogen efficiency and low nitrogen emission in winter wheat. Science of the Total Environment, 697,
134088.

Farooq, J., L. Khalig, M. Akbar, 1.V. Petrescu mag and M. Hussain. (2015). Geneticanalysis of some grain yield and its
attributes at high temperature stress in wheat (Triticum aestivum L.) Ann. RSCB. 19: 71-81.

Fattah, A M. K., & Merwad, A. M. A. (2015). Effect of different sources of nitrogen fertilizers combined with vermiculite
on productivity of wheat and availability of nitrogen in sandy soil in Egypt. Am. J. Plant Nutr. Fertil. Technol, 5(2),
50-60.

Hammad, H. M., Khalig, A., Ashfag, A., Aslam, M., Malik, A. H., Farhad, W., & Laghari, K. Q. (2011). Influence of
different organic manures on wheat productivity. International Journal of Agriculture and Biology, 13(1).137-140.

Horvat, D., G. Simi, K. Dvojkovi, M. Ivi, I. Plavsin and D. Novoselovi. (2021). Gluten compositional changes in response
to nitrogen application rate. Agron. 11: 325.

Kavita, U. K., Raj, D., & Kavinder, R. G. (2019). Impact of tillage operations on wheat yield and chemical properties of
soil: A review. International Journal of Chemical Studies, 7(6), 997-1003.

Katsuda, T., A Lababpour, K. Shimahara, and S. Katoh. 2004. Astaxanthin production by Haematococcus pluvialis under
illumination with LEDs Enzy. Microb Tech 35(1): 81-86.

Khan, S.J., Salman, M., Noor, E., Rehman, A., Kalim, M., Ahmad, H., Sattar, T., Riaz, R. (2023). Impact of Pre-
Sowing Seed Treatments on Sweet Corn Landraces under Moringa Leaf Extract. Journal Advances of Nutrition
Science & Technology, 3(1-2), 51-62

Khan, A. A. Khan, D. F. Khan, S. Khan, Anjum, W. Ali, H. Akbar, and A. Khan. (2021). Optimizing nitrogen sources and
tillage practices for wheat crop stand and phenology. Sarhad Journal of Agriculture. 37(2): 340-347.

Khan. M.A. M.R. Chattha, M.Z. Awan, A.S. Anjum, M. Imran, S. Muhammad, S. Khan and M.l. Kasana. (2013).
Comparative efficiency of organic and inorganic fertilizers on growth and yield of wheat in rainfed conditions.
International Journal of Biology and Biotechnology, 10(4), 577-80

Kuo, H. F., Chang, T. Y., Chiang, S. F., Wang, W. D., Charng, Y. Y., & Chiou, T. J. (2014). Arabidopsis inositol
pentakisphosphate 2-kinase, A t IPK 1, is required for growth and modulates phosphate homeostasis at the
transcriptional level. The Plant Journal, 80(3), 503-515.

Lamont, J. R., Wilkins, O., Bywater-Ekegérd, M., & Smith, D. L. (2017). From yogurt to yield: Potential applications of
lactic acid bacteria in plant production. Soil Biology and Biochemistry, 111, 1-9.

Litke, L., Z. Gaile, and A. Ruza. (2018). Effect of nitrogen fertilization on winter wheat yield and yield quality. Agronomy
Research. 16(2): 500-5009.

Mahmood, K., Bibi, S., Noor, E., Farid, L., Qadeer, F., Hassan, A., S. Gohar, A. Rahman, M. Rehman, S. Rehman (2023).
Response of Chinese Wheat Germplasms to Different Levels of Nitrogen, Phosphorus and Potassium. International
Journal of Advanced Technology and Social Sciences, 1(2), 117-128

Mazhar, S. M., M. Nawaz, S. Khan, and S. Irshad (2018). Impact of urea and farm yard manure on nitrate concentration in
soil profile and productivity of wheat crop. Journal of Plant Nutrition, .41(20): 2683-2691.

Memon, M., N. Phullan, J. Shah, M. Memon, T. Sial, N. Talpur, and G. Khushk (2017). Effect of organic manure and
mineral fertilizers on wheat growth and soil properties. Journal of Basic Applied Sciences. 8(13): 559-565.

Mikkelsen, R., & Hartz, T. K. (2008). Nitrogen sources for organic crop production. Better crops, 92(4), 16-19.

Ministry of National Food Security and Research (2018), https://mnfsr.qgov.pk/

Ministry of Finance (2009) https://www.finance.gov.pk/survey 0910.html

Naveed, M., Mehboob, I., Shaker, M. A., Hussain, M. B., & Farooq, M. (2015). Biofertilizers in Pakistan: initiatives and
limitations. International Journal of Agriculture and Biology, 17(3), 411-420.

70



https://doi.org/10.15228/ANST.2022.v03.i01-2.p06
https://doi.org/10.15228/ANST.2022.v03.i01-2.p06
https://mnfsr.gov.pk/
https://www.finance.gov.pk/survey_0910.html

J. Adv. Nutri. Sci. Technol. 2023

Naz, S., Rasheed, M. N., Aal-ahmad, J. S., Ghuffar, A., Kashif, A. R., & Waheed, R. (2023). Isolation of Bioactive
compounds from the essential oil of Jambolan (Syzygium cumini) and Invitro evaluation of biological
potential. Journal Advances of Nutrition Science & Technology, 3(1).15-23

Nunkaew, T., Kantachote, D., Kanzaki, H., Nitoda, T., & Ritchie, R. J. (2014). Effects of 5-aminolevulinic acid (ALA)-
containing supernatants from selected Rhodopseudomonas palustris strains on rice growth under NaCl stress, with
mediating effects on chlorophyll, photosynthetic electron transport and antioxidative enzymes. Electronic Journal
of Biotechnology, 17(1), 19-26.

Pakistan Economic Survey, 2012-13 https://www.finance.gov.pk/survey 1213.html

Pakistan Economics Survey for 2018-2019 https://finance.gov.pk/survey 1819.html

Pakistan Economic Survey, 2019-2020 https://www.finance.gov.pk/survey_1920.html

Rathwa, P. G., K. D. Mevada, K. C. Ombase, C. J. Dodiya, Vipen Bhadu. V S Purabiya, and M. M. Saiyad. (2018). Integrated
nitrogen management through different sources on growth and yield of wheat (Triticum aestivum L.), Journal of
Pure Applied and Microbiology. 2(12): 905-911.

Ram, M., Davari, M. R., & Sharma, S. N. (2014). Direct, residual and cumulative effects of organic manures and
biofertilizers on yields, NPK uptake, grain quality and economics of wheat (Triticum aestivum L.) under organic
farming of rice-wheat cropping system. Journal of Organic Systems, 9(1), 16-30.

Shaheen, S., Khan, M., Khan, M. J., Jilani, S., Bibi, Z., Munir, M., & Kiran, M. (2017). Effective Microorganisms (EM)
co-applied with organic wastes and NPK stimulate the growth, yield and quality of spinach (Spinacia oleracea
L.). Sarhad Journal of Agriculture, 33(1), 30-41.

Hooda, V. S., & Malik, Y. P. (2019). Effect of Farm Yard Manure and Nitrogen Application on Growth and Productivity
of Wheat under Long Term Experimental Conditions. Current Journal of Applied Science and Technology, 35(4),
1-7

UN DESA, 2015 https://www.un.org/en/development/desa/news/2015.html

Vermeulen, S. J., Woomer, P., Campbell, B. M., Kamukondiwa, W., Swift, M. J., Frost, P. G. H., ... & Nyathi, P. (1993).
Use of the SCUAF model to simulate natural miombo woodland and maize monoculture ecosystems in
Zimbabwe. Agroforestry Systems, 22, 259-271.

Walsh, O. S., Shafian, S., & Christiaens, R. J. (2018). Nitrogen fertilizer management in dryland wheat cropping
systems. Plants, 7(1), 9.

Received:10" September, 2023. Accepted: 26" December, 2023.

71



https://finance.gov.pk/survey_1819.html
https://www.un.org/en/development/desa/news/2015.html

	Means of the same category followed by different letter(s) are significantly different at 5% level of probability using the LSD test.
	Means of the same category followed by a different letter(s) are significantly different at a 5% level of probability using the LSD test.

