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Impact of Different Dosages of Urea on Nitrogen Distribution, Soil Dynamics, and Seed Yield in Onion Crop

Abstract 
This study examined nitrogen (N) uptake and distribution patterns in onion seed crops (Allium cepa L.) under varying urea application rates, 0, 50, 100, and 150 kg N/ha across two growing seasons. Using a complete randomised block design, the research determined the total nitrogen content in leaves, stems, and bulbs after 30 and 60 days of planting, as well as the soil nitrogen levels before and after harvesting. Results showed that increased levels of nitrogen application highly increase in nitrogen accumulation in all parts of the plant. At 60 days after planting the 150 kg N/ha treatment had the highest nitrogen content in leaf (6.23% and 6.18%), stem (5.70% and 5.61%), and bulb (4.25% and 4.25%) for the years 2020 – 21 and 2021 – 22, respectively. This increased uptake was related to the highest yield of seeds of 774.67 g/plot and 1368.33 g/plot during the years. Post-harvest soil nitrogen levels were also highest at this treatment and were 172.51 and 162.28 kg/ha in 2020–21 and 2021–22, respectively, showing effective nitrogen retention. These results emphasise the need for specific nitrogen management practices, such as split application, to enhance nutrient uptake at crucial growth points. Through matching nitrogen application to the physiological requirement of the crop, this research is useful in increasing onion seed yield and in improving crop productivity and soil health in onion seed production.
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1. Introduction
Nitrogen is a vital macronutrient in plant growth and seed formation, in which it plays an important role in a variety of physiological processes such as amino acid synthesis, protein formation, and chlorophyll production. Onions (Allium cepa L.), a common vegetable crop, have clear-cut patterns of nitrogen uptake with nitrogen being absorbed and stored in the leaves early in the growth period and then translocated to the stem and bulb as the plant matures. This variable distribution is very characteristic of the growth of vegetation, the production of bulbs, and seeds. A little insight about these patterns can be used to optimise fertilisation practices as well as maximise crop output.  Dependencies on the best nitrogen requirements have been witnessed to increase the number of seeds per umbel; therefore, an increase in seed yields (More et al., 2022). The onion takes up nitrogen through the roots but in the process nitrogen is translocated to other aerial parts like leaves, stems, and the bulbs. Studies indicate that the nitrogen uptake is variable depending on the growth stages of the plant and its active absorption during the early stages of vegetative basis thus increased biomass and a greater leaf area (Wang et al. (2024). While the onions grow, they change from producing leaves into producing bulbs, whereby nitrogen is recycled from the senesced leaves to the bulb (Masclaux-Daubresse et al., 2008). The nitrogen uptake efficiency and distribution of other onion cultivars have been found to vary. For example, high levels of nitrogen have been observed in leaves instead of bulbs at the onset of growth, compared to seasonal growth, where high levels of nitrogen had been registered from bulbs (Dinega et al., 2023). This translocation process is vital since it determines the quality and storage attributes of the seed. In addition to that, the type of soil, soil moisture, and environmental temperature may influence the nitrogen uptake patterns. For instance, there was more residual nitrate leaching in terms of loam soil than sandy loam, which implies that it is likely to be more nitrogen losses in case it is exposed to wet conditions (Das et al., 2024).
The application time and mode of nitrogen application also play a significant role in the dynamics of nitrogen uptake for onions. For vegetative growth and total yields, split applications had better values with respect to single applications, and this emphasised the role of timing in the availability of nitrogen (Ayyub et al., 2018). It therefore becomes important to know the pattern of absorption of nitrogen in various organs of the onion plant so that one can be in a position to put a fertilisation programme that works in accordance with the physiological needs of the plant and even the crop growth stages.  Conclusively, onions exhibit a difference in nitrogen uptake pattern that is affected by the nature of cultivar and environment-based conditions in various parts and stages of the growth. The information is vital in boosting the fertilisation practices, good growth, and yields.
This study attempts to assess nitrogen uptake and distribution in onion seed crops under the application of various rates of urea, whereby such rates are utilised to deduce the influence on the growth and yield of seeds.  Also, the study will determine the impact of various urea doses on available soil nitrogen, by measuring soil nitrogen before planting and after harvesting, to determine the best fertilisation practices for sustainable onion seed production.
2. Materials and Methods
2.1 Study Area
The experiment was carried out in ICAR – Directorate of Onion and Garlic Research (DOGR), Rajgurunagar, Pune, Maharashtra, India, during two growing seasons, in Rabi 2020 and 2021.  The nitrogen content in the experimental field varied from 184.90 kg/ha in 2020–21 to 164.25 kg/ha in 2021–22 and was classified as clay loam, with a pH of 7.9, indicating an alkaline nature, which is typical for onion cultivation.
2.2 Experimental Design
A complete randomized block design (CRBD) was employed with four treatments: control (no additional urea), 50 kg N/ha, 100 kg N/ha, and 150 kg N/ha. Each treatment was replicated five times, resulting in a total of 20 plots. Bulbs were planted for seed production using the ridges and furrows method, with a distance of 60 cm between rows and 20 cm between plants, resulting in a total of 195 bulbs planted within an area of 27.3 square meter plot.
2.3 Plant Material
Onion bulbs of Bhima Shakti, with a diameter of 45–60 mm, were sourced from the Seed Unit of ICAR- Directorate of Onion and Garlic Research, Pune, India and selected for uniformity in size and quality.
2.4 Fertilization Regimen
Urea was used as the source of nitrogen with treatment-wise additional urea application i.e. 82gm (50 kg/ha), 163gm (100 kg/ha) and 245gm (150 kg/ha) respectively per plot, applied in two split doses at 30 and 45 days after bulb planting, along with a basal dose comprising 530 g of NPK and 91 g of urea. In the control (0 N kg/ha), only the basal dose of SSP (855 g), MOP (228 g), and Sulphur (91 g) were applied.
2.5 Observations Recorded 
Observations were recorded on total nitrogen percentage in leaf samples, stem samples, and planted bulbs, analyzed at 30 and 60 days after planting. Additionally, available soil nitrogen levels were assessed before planting and harvesting, reported in kg/ha. And Seed yield is calculated at harvesting.
2.6  Nitrogen Uptake and Distribution
Total nitrogen content in the samples was measured using the Kjeldahl method, which involves two main steps: digestion and distillation.
The determination of the total nitrogen content for the samples was carried out using the Kjeldahl method, which involves two steps. Digestion and distillation. For the Kjeldahl digestion, it was about 0.5 g of dried and finely crushed samples (leaves, stems, or bulbs) was used, which were weighed and put into a digestion flask. Concentrated sulfuric acid (H2SO4) 10 mL was added to each flask, accompanied by a mixture of catalyst consisting of 1g potassium sulphate (K2SO2), a small amount of copper sulphate (CuSO4), to aid digestion of the samples (Bremner & Mulvaney, 1982). The flasks were then heated gently on a digestion block or hot plate to give a clear solution, usually requiring heating to about 350°C for 2–3 hours, without excessive frothing and spillage. After digestion, the flasks were left to cool, and the digest was diluted to 100 mL with distilled water.
For the distillation phase, the digested solution was neutralised using 50 mL of 2 N sodium hydroxide (NaOH) to get the pH to ~10-11. The neutralised solution was then placed in a distillation apparatus, where a certain amount of distilled water (mostly 25 mL) was added to the receiving flask to collect the distilled ammonia (NH3) gas. The apparatus was set up and steam was introduced into the solution to distil off ammonia, which was absorbed in the receiving flask containing boric acid (H3BO3) solution. The amount of ammonia absorbed was found out by titrating the solution in the receiving flask with standard hydrochloric acid (HC1) solution, the endpoint being indicated by any suitable indicator such as methyl red or bromocresol green. Then total nitrogen amount was calculated using the formula:                                                  [image: A screenshot of a computer
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2.7 Soil Nitrogen Assessment
The sampling of soils was carried out with each plot as the soil auger was used to ensure they sample a depth of about 15 cm to take the active root zone. For enhancements in representativeness, samples were taken at various points in each plot, and then pooled, to form a composite sample to be analysed. Such approach minimises variation by local variation in the composition of soils and nutrients. The soil samples were then left to air dry and passed through a 2mm mesh with the aim of removing stones, roots and dirt; a crucial procedure of giving the samples homogenous results for further studies.
The AVAILABLE Nitrogen content was determined through the method of ALKALINE potassium permanganate as mentioned by Page et al (1982). In this method, in the Kjeldahl flask was 20 grammes of soil sieved, with 20 mL of 2.5 % KMnO4 and 100 ml 0.32 % NaOH. The ammonia given off was taken up by boric acid solution, with mixed indicators titrated by 0.02 N H2SO4 after distilling mixture. The available nitrogen content was calculated from the volume of acid used and it was provided in kilogrammes per hectare (kg/ha). Such is an approach that aligns with the current protocols of soil testing, and hence accurate and precise. 
Statistical Analysis
Data were analysed using WASP that fit in two-way analysis of variance (ANOVA) to identify the effects of various rates of urea application on nitrogen uptake, distribution and the amount of nitrogen in soil. Differences between treatments were considered significant when the p-value was ≤ 0.05. 
3. Results
3.1 Total Nitrogen Content in Leaf Sample
The total nitrogen content in leaf samples was assessed at 30 and 60 days after planting (DAP) for the growing seasons of 2020–21 and 2021–22. The control group, which received no additional nitrogen, displayed a nitrogen content of 4.04% in 2020–21 and slightly increased to 4.08% in 2021–22 at 30 DAP. In contrast, the application of 50 kg of nitrogen per hectare resulted in nitrogen contents of 4.55% and 4.46% for the respective years. As the nitrogen application rate increased, significant improvements were observed; the 100 kg/ha treatment yielded nitrogen contents of 5.26% and 5.36%, while the highest rate of 150 kg/ha reached 5.89% in 2020–21 and 5.88% in 2021–22. By 60 DAP, all treatments showed increased nitrogen content, with the control group at 4.20% in 2020–21 and 4.54% in 2021–22, while the highest treatment achieved a remarkable 6.23% in 2020–21 and 6.18% in 2021–22. These results demonstrate that higher nitrogen application rates significantly enhance nitrogen uptake in onion leaves throughout the growing season, as summarized in Table 1.
3.2 Total Nitrogen Content in Stem Samples
The total nitrogen content in stem samples was measured at 30 and 60 DAP during the growing seasons of 2020–21 and 2021–22. The control treatment exhibited nitrogen levels of 3.74% in 2020–21 and 3.62% in 2021–22 at 30 DAP, indicating limited nitrogen uptake. Conversely, the application of 50 kg of nitrogen per hectare resulted in nitrogen contents of 4.05% and 4.19% for the respective years. With further increases in nitrogen application, the 100 kg/ha treatment recorded values of 4.66% in 2020–21 and 4.61% in 2021–22. Notably, the 150 kg/ha treatment reached 5.51% in 2020–21 and 5.31% in 2021–22 at 30 DAP. By 60 DAP, the control group showed slight increases in nitrogen content, reaching 3.79% in 2020–21 and 3.80% in 2021–22. On the contrary, the maximum treatment obtained nitrogen contents of 5.70% in 2020–21 and 5.61% in 2021–22. Results of these findings show that more application of nitrogen encourages nitrogen accumulation within onion stems, which indicates the necessity of nitrogen in the growth of plants, as discussed in Table 1.

3.3 Total Nitrogen Content in Bulb Sample
The total nitrogen content in bulb samples was determined at 30 and 60 DAP in the growing seasons 2020–21 and 2021–22. In the control group, the nitrogen content was recorded at 3.13% in 2020–21 and rose marginally to 3.24% in 2021–22 at 30 DAP, showing a restricted nutrient status. With the application of 50 kg of nitrogen per hectare, the nitrogen content was bettered to 3.37% during 2020–21 and 3.50% during 2021–22. The trend was followed with the 100 kg/ha treatment with 3.82% nitrogen levels in 2020-21 and 3.80% in 2021-22. The highest application rate of 150 kg/ha helped to increase nitrogen content substantially, which was 4.09% in 2020–21 and 4.08% in 2021–22. In the control group, the nitrogen content of the control group recorded moderate increases to 3.30% in 2020–21 and 3.40% in 2021–22 at 60 DAP. In contrast, the 150 kg/ha treatment consistently reached 4.25% in both years. These results highlight the critical role of nitrogen fertilization in enhancing nitrogen accumulation in onion bulbs, ultimately contributing to better growth and yield, as presented in Table 1


	Table. No. 1. Total nitrogen percentage (%) of leaf, stem, and bulb at 30 and 60 days after planting.

	 
	         Thirty days
	          Sixty days

	 Treatments
	2020-21
	2021-22
	2020-21
	2021-22

	Leaf
	
	
	
	

	Control (0 kg/ha)
	4.04
	4.08
	4.20
	4.54

	Nitrogen at 50 kg/ha
	4.55
	4.46
	4.88
	4.75

	Nitrogen at 100 kg/ha
	5.26
	5.36
	5.62
	5.74

	Nitrogen at 150 kg/ha
	5.89
	5.88
	6.23
	6.18

	Gen. Mean
	4.93
	4.95
	5.23
	5.30

	C.D. 5%
	0.39
	0.46
	0.18
	0.24

	Stem
	
	
	
	

	Control (0 kg/ha)
	3.74
	3.62
	3.79
	3.8

	Nitrogen at 50 kg/ha
	4.05
	4.19
	4.28
	4.43

	Nitrogen at 100 kg/ha
	4.66
	4.61
	4.94
	4.83

	Nitrogen at 150 kg/ha
	5.51
	5.31
	5.70
	5.61

	Gen. Mean
	4.49
	4.43
	4.68
	4.67

	C.D. 5%
	0.11
	0.27
	0.19
	0.38

	Bulb
	
	
	
	

	Control (0 kg/ha)
	3.13
	3.24
	3.3
	3.4

	Nitrogen at 50 kg/ha
	3.37
	3.5
	3.67
	3.72

	Nitrogen at 100 kg/ha
	3.82
	3.8
	4.00
	3.9

	Nitrogen at 150 kg/ha
	4.09
	4.08
	4.25
	4.25

	Gen. Mean
	3.6
	3.65
	3.8
	3.82

	C.D. 5%
	0.15
	0.20
	0.12
	0.18


*Means with different letters in the same column are statistically significant based on Duncan’s multiple range test (p ≤ 0.05)

3.4 Available Soil Nitrogen Levels
The available soil nitrogen levels were measured at both the initial stage and at harvest for the growing seasons of 2020-21 and 2021–22. For the 2020–21 season, all treatments started uniformly with an initial nitrogen content of 184.90 kg/ha. At harvest, the control group (0 kg N/ha) exhibited a substantial decrease to 86.02 kg/ha. Similarly, the 50 kg N/ha treatment showed a reduced nitrogen level of 111.02 kg/ha at harvest. The 100 kg N/ha treatment recorded a higher residual nitrogen content of 137.88 kg/ha, whereas the highest residual nitrogen (172.51 kg/ha) was observed with the 150 kg N/ha treatment, significantly greater than all other treatments. In the subsequent 2021–22 season, all treatments began with a lower initial nitrogen level of 164.25 kg/ha. At harvest, the control treatment's nitrogen content further decreased significantly to 76.25 kg/ha. The 50 kg N/ha application resulted in a residual nitrogen level of 105.14 kg/ha, 
significantly higher than the control. The residual nitrogen further increased significantly under the 100 kg N/ha treatment to 136.67 kg/ha, and the highest residual nitrogen (162.28 kg/ha) was again recorded under the 150 kg N/ha treatment, significantly surpassing other treatments.  These results confirm the direct impact of increased nitrogen application rates in enhancing soil nitrogen retention over successive seasons (Fig. 1).



Fig 1. Available soil nitrogen after harvesting (kg/ha), data are statistically significant based on Duncan’s multiple range test (p ≤ 0.05)
3.5 Seed Yield per Plot
The seed yield per plot varied significantly across different nitrogen application rates during the growing seasons of 2020–21 and 2021–22. In 2020–21, the control group, which received no additional nitrogen (0 kg/ha), yielded 600.67 kg/ha. The application of 50 kg of nitrogen per hectare improved the yield to 742.17 kg/ha, while the 100 kg/ha treatment resulted in 753.67 kg/ha. The highest application rate of 150 kg/ha produced a yield of 774.67 kg/ha. In the following year, 2021–22, the control group's yield increased significantly to 1102 kg/ha. The 50 kg/ha treatment yielded 1047.67 kg/ha, and the 100 kg/ha treatment saw a notable rise to 1278.67 kg/ha. The 150 kg/ha treatment achieved the highest yield of 1368.33 kg/ha. These results collectively underscore the critical role of nitrogen fertilization in enhancing seed yields, demonstrating its significance in optimizing onion seed production across both years, as detailed in Table 2.

	Table. 2. Effect of different doses of nitrogen on seed yield per plot (gm)

	Treatments
	2020-21
	2021-22

	Control (0 kg/ha)
	600.67
	1102.00

	Nitrogen at 50 kg/ha
	742.17
	1047.67

	Nitrogen at 100 kg/ha
	753.67
	1278.67

	Nitrogen at 150 kg/ha
	774.67
	1368.33

	Gen. Mean
	717.79
	1199.17

	C.D. 5%
	4.98
	5.25


*Means with different letters in the same column are statistically significant based on Duncan’s multiple range test (p ≤ 0.05)

4. Discussion
Results of the study are critical insights into nitrogen (N) uptake and distribution in onion seed production, emphasising the importance of nitrogen fertilisation on various aspects of crop growth and soil fertility, as well as seed production. It is important to have an understanding of such dynamics in order to optimise fertilisation strategies with the aim of promoting the seed yield of onion crops (Allium cepa L.).
4.1 Nitrogen Uptake Patterns in Onion Seed Crop
In leaves, stems, and bulbs, the content of total nitrogen in plants of onion plants also revealed a strong positive correlation with the increased rates of urea. While 30 days (DAP) and 60 days (DAP) after planting, the higher nitrogen treatments showed a significantly higher nitrogen accumulation in all plant parts on the basis of control. For example, N concentration in the leaves rose from 4.04% in the control to 5.89% at the highest rate of application (150 kg/ha) after 60 DAP. This is consistent with studies by Dinega et al. (2023), which mentioned that high nitrogen uptake at early growth stages is important for onion growth since a poor supply of nitrogen may result in low yields because of poor chlorophyll production. In the same way, research done by Amare in the year 2020 indicates that timely nitrogen application is able to promote the status of the root, uptake of nutrients, and upholding of plant development to increase yield and quality of onion seed crops. 
When onion plants change from vegetative growth to bulb development, there is an important remobilization of nitrogen. This process is especially critical for seed production, where accumulation of nitrogen in the bulb not only increases the size of the bulb but also the quality and quantity of seeds. The rise in the nitrogen content in bulbs from 3.13% (control) to 4.09% (150 kg/ha) emphasises the role of sufficient nitrogen in bulb development and the following seed yield (Kevlani et al., 2023). 
4.2 Soil Nitrogen Dynamics and Implications for Seed Production
The evaluation of soil nitrogen availability showed that increased rates of nitrogen application not only increased plant nitrogen uptake but also improved soil nitrogen levels. For the 150 kg/ha treatment, the soil nitrogen levels had increased from 205.01 kg/ha when the treatment was applied to 229 kg/ha at harvest. From this finding, it implies that nitrogen management can increase the soil fertility, thus prolonging the nitrogen availability for the succeeding onion seed production season, which is crucial in terms of long-term sustainability. In a similar study, Li et al. (2023) stated that the increased soil nitrogen concentration can largely increase the activity of the microbes, increasing nutrients found in the soil for future crops.
However, the control treatment recorded high loss of available nitrogen, which may adversely affect the subsequent growth of the seed crops. Soil nitrogen contents in seed production systems are of paramount importance because, in direct terms, they govern the quality and germination rates of seeds. Research suggests that if the soil nitrogen declines, then the vigour of seedlings and even the health of plants may decline, further stressing the need to manage nitrogen effectively (Wani et al., 2022).
4.3 Seed Yield and Quality Response to Nitrogen Fertilization
The seed yield results show the importance of nitrogen in optimising seed yield. In the developing seasons, the application of nitrogen caused maximum increase in the yield of the seed, where maximum treatment (150 kg/ha) gave the yield of 774.67 kg/ha in 2020-21 & 1368.33 kg/ha in 2021-22. The above finding is in line with the findings of More et al (2022) that, given appropriate nitrogen fertilisation, the seed yield and overall crop performance of onion seed production are enhanced significantly. Besides, the findings of Karim et al. (2019) reveal that increased nitrogen levels not only increase the yield but also improve the seed quality characters such as germination rate and seedling vigour.
The enhanced production of seed is a result of the enhanced biomass and improved content of nitrogen in the plant’s tissues. High levels of nitrogen have been observed to not only enhance the quantity of seeds per umbel but also increase the nature of quality attributes of the seeds with regard to size and viability. As indicated by Bagateli et al. (2023), an increased nitrogen availability has positive implications on the seed morphology as well, favourably optimising the physiological aspects that are important for the seed performance.
4.4 Implications for Fertilization Strategies in Onion Seed Production
The implications of such findings require the use of certain nitrogen management practices for growing onion seed. As it was indicated in this research, the use of split applications can reduce nitrogen consumption at the most important growth stages, which could contribute to the increase of seed yield and quality. This is in agreement with the suggestion by Bagateli et al. (2023), and a tactical approach of Nitrogen fertilisation should be applied, which meets the physiological factors of plant development on various levels. What is more, Ayyub et al (2022) are in line with using split applications, and in turn, this approach can reduce the loss of nitrogen and increase the efficacy of nutrient usage.
Additionally, the knowledge on nitrogen uptake builds throughout the growth cycle of onion seed crops is valuable as the producers will be able to make rational decisions concerning the timing and the rates of fertilisations and therefore optimise the consumption of the nutrients and their environmental impacts. According to a study done by Getahun et al. 2024 and Mebrahtom et al. 2024, application of precision agriculture techniques in optimising N use and sustainability in crop production on the aspect of economy and the environment is of significance.
5. Conclusion
This research corroborates the role of nitrogen fertilisation of onion seed production, which revealed the implication on the distribution of nitrogen through soil nitrogen dynamics along with seed yields. The maximum content of nitrogen in the leaves, stems, and bulbs was achieved in the amount of 150 kg N/ha. This increased uptake of nitrogen was equal to the maximum seed yield of 774.67 g/plot and 1368.33 g/plot in both years. Soil nitrogen after-harvest levels were also highest at this treatment. These findings emphasise that it is possible to optimise seed yield, soil fertility, and enhance the quality of seed for planting through using a nitrogen application rate of 150 kg/ha.

Declaration of competing interest
The authors declare that they have no conflict of interest.

Data availability
Data will be made available on request.

CRediT authorship contribution statement
Indrajitsingh Pravinsingh Girase: Writing - original draft, Methodology, Investigation, Data curation. Prashant Kumar Rai: Writing - review & editing original draft, Investigation, Data curation. Vaidurya Pratap Sahi: Writing - review & editing. Arunachalam Thangasamy: Investigation, Resources, Methodology. Prashant Ankur Jain: Investigation. Vishwanath Rohidas Yalamalle: Conceptualization, Project administration, Resources, original draft, Writing - review & editing, Investigation. 

Disclaimer (Artificial Intelligence)
The author hereby declare that no generative AI technologies, including large language models (such as ChatGPT, Copilot, etc.) or text-to-image generators, were used during the writing, editing, or preparation of this manuscript. All content is the result of the author original work, based on their own expertise, interpretation of data, and literature review.











References

Amare, G. (2020). Review on mineral nutrition of onion (Allium cepa L). The Open Biotechnology Journal, 14(1), 134–144. 
10.2174/1874070702014010134
Ayyub, C. M., Reman, S. U., Qadri, R., Azam, M. S., Abbasi, K. Y., Khan, Z. U., Shaheen, M. R., Md Ali, M. I., Leghari, M. H., & Asghar, T. (2018). Study of the efficacy of various split applications of inorganic nitrogen on the potato crop. Open Access Library Journal, 5(3), 1–8. https://doi.org/10.4236/OALIB.1104386 
Bagateli, J. R., Franco, J. J., Meneghello, G. E., Bagateli, R. M., Carvalho, I. R., Loro, M. V., & Almeida, H. C. F. (2023). Nitrogen supplementation improves yield and quality of soybean seeds. Genetics and Molecular Research, 22(4).  10.4238/gmr19175
Bremner, J. M., & Mulvaney, C. S. (1982). Nitrogen total. In A. L. Page (Ed.), Methods of soil analysis: Part 2 – Chemical and microbiological properties (2nd ed., pp. 595–624). Soil Science Society of America. https://doi.org/10.2134/agronmonogr9.2.2ed.c31
Das, S., Mohapatra, A., Sahu, K., Panday, D., Ghimire, D., & Maharjan, B. (2024). Nitrogen dynamics as a function of soil types, compaction, and moisture. PLOS ONE, 19, e0301296. https://doi.org/10.1371/journal.pone.0301296
Dinega, T. M., Haile, A., & Beshir, H. M. (2023). Improving onion productivity and producer income through nitrogen management. Advances in Horticultural Science, 37(3), 317–327. https://doi.org/10.36253/ahsc-13944
Getahun, S., Kefale, H., & Gelaye, Y. (2024). Application of precision agriculture technologies for sustainable crop production and environmental sustainability: A systematic review. The Scientific World Journal, 2024, 2126734. https://doi.org/10.1155/2024/2126734
Karim, R., Mazumder, N. I., Sultana, T., Ahmed, F., Haque, S., Roy, D. C., Mondal, T. R., Sushmoy, D. R., & Noor, M. A. (2019). Effect of nitrogen on growth, productivity and seed quality of long grain rice. Research in Agriculture, Livestock and Fisheries, 6(2), 279–287. https://doi.org/10.3329/ralf.v6i2.43051
Kevlani, L., Leghari, Z., Wahocho, N. A., Memon, N.-N., Talpur, K. H., Ahmed, W., Jamali, M. F., Kubar, A. A., & Wahocho, S. A. (2023). Nitrogen nutrition affects the growth and bulb yield of garlic (Allium sativum L.). Journal of Applied Research in Plant Sciences, 4(1), 485–493. https://doi.org/10.38211/joarps.2023.04.01.58
Li, L., Hu, Z., Tan, G., Fan, J., Chen, Y., Xiao, Y., ... & Tang, Q. (2023). Enhancing plant growth in biofertilizer-amended soil through nitrogen-transforming microbial communities. Frontiers in Plant Science, 14, 1259853. https://doi.org/10.3389/fpls.2023.1259853
Masclaux-Daubresse, C., Reisdorf-Cren, M., & Orsel, M. (2008). Leaf nitrogen remobilisation for plant development and grain filling. Plant Biology, 10, 23–36.          10.1111/j.1438-8677.2008.00097.x
Mebrahtom, S., Kahsu, G., Gebrehiwot, W., Tadele, T., Berhe, T., Tekulu, K., ... & Tasew, G. (2024). Determining the best rate of blended NPKSZnB fertilizer for optimum onion yield and yield components in Northwestern Tigray, Ethiopia. Asian Soil Research Journal, 8(1), 56–65.10.5897/AJAR2020.14953
More, M. P., Gurjar, P. K. S., Patel, A. C., & Sharma, N. K. (2022). Effect of different levels of nitrogen and phosphorus on yield and quality of onion seed (Allium cepa L.) cv. Agrifound Light Red. International Journal of Agriculture and Food Science, 4(1), 88–92. https://doi.org/10.33545/2664844x.2022.v4.i1b.118
[bookmark: _GoBack]Page, A. L., Miller, R. H., & Keeney, D. R. (1982). Methods of soil analysis: Part 2, Chemical and microbiological properties (2nd ed.). American Society of Agronomy. https://doi.org/10.2134/agronmonogr9.2.2ed
Wang, Q., Li, S., Li, J., & Huang, D. (2024). The utilization and roles of nitrogen in plants. Forests, 15(7), 1191. https://doi.org/10.3390/f15071191
Wani, B. A., Rashid, S., Rashid, K., Javid, H., Magray, J. A., ul Qadir, R., & Islam, T. (2022). Nitrogen deficiency in plants. In Advances in plant nitrogen metabolism (pp. 28–37). CRC Press. https://doi.org/10.1201/9781003248361-3


Available soil nitrogen of after harvesting (kg/ha)

2020-21	
86.02	111.02	137.88	172.51	2021-22	
76.25	105.14	136.66999999999999	162.28	Control      50kg/ha          100kg/ha    150kg/ha  








image1.png
v @ (100) Non Stop Lavani Sonc <€) X @ ChatGPT x @ ChatGPT x + - a X
G @ % chatgptcom Q% & 0 =&
[ indra @ BVG [ PHDsites 4 Kite - Zerodha's fast.. [ Upstoxlogin G (I TradingView - Track.. [ Paper forMathura.. M Inbox (22,424) - ind... @ Effect of various lev.. @ Introducing ChatGPT » 3 All Bookmarks

@ ChatGPT 4o mini Sign up

N_{\text{HCI}} \) Is the normality ot the HCI solution.

@  Surel Here's the completed explanation for the formula used to calculate total nitrogen content:
Total Nitrogen Calculation:

To determine the total nitrogen content in a sample, the formula is:

(Vira1 X Nucy x 14 g/mol)

Weight of the sample (g) * 100

Total Nitrogen (%)

Variables Defined:

¢ Vycr: Volume of hydrochloric acid (HCl) us~d in the titration, measured in milliliters (mL).

Don't share sensitive info. Chats may be reviewed and used to train our models. Learn more

Message ChatGPT

ChatGPT can make mistakes. Check important info.

17:06

A == Q Search » e 9 o - e i &) gg g A @ E.':f RDB® 00000 B

Haze




