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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) over two growing seasons. Employing a randomized complete block design, the research assessed total nitrogen content in leaves, stems, and bulbs at 30 and 60 days after planting, along with soil nitrogen levels before and after harvest. Results demonstrated that higher nitrogen application significantly enhanced nitrogen accumulation across all plant parts. At 60 days after planting, the 150 kg N/ha treatment recorded the highest nitrogen content in leaf (6.23% and 6.18%), stem (5.70% and 5.61%), and bulb (4.25% and 4.25%) during 2020–21 and 2021–22, respectively. This improved uptake corresponded with the maximum seed yield of 774.67 g/plot and 1368.33 g/plot in the respective years. Post-harvest soil nitrogen levels were also highest at this treatment, reaching 172.51 and 162.28 kg/ha in 2020–21 and 2021–22, respectively, indicating effective nitrogen retention. These findings underscore the importance of tailored nitrogen management strategies, including split applications, to optimize nutrient uptake during critical growth stages. By aligning nitrogen application with the physiological needs of the crop, this research provides valuable insights for enhancing onion seed yield and contributing to improved crop productivity and soil health in onion seed production.	Comment by HP:  complete randomized block design	Comment by HP: give space in btween	Comment by HP: Remove bold	Comment by HP: Remove bold
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1. Introduction
Nitrogen is an essential macronutrient for plant growth and seed development, playing a crucial role in various physiological processes, including amino acid synthesis, protein formation, and chlorophyll production. Onions (Allium cepa L.), a widely cultivated vegetable, exhibit distinct nitrogen uptake patterns, where nitrogen is primarily absorbed and accumulated in the leaves during early growth stages, followed by gradual translocation to the stem and bulb as the plant matures. This dynamic distribution significantly influences vegetative growth, bulb development, and seed formation. Understanding these patterns can aid in optimizing fertilization strategies and improving crop productivity. Studies have shown that optimal nitrogen levels can increase the number of seeds per umbel and enhance germination rates, ultimately resulting in higher seed yields(Mandal et al., 2016). The nitrogen uptake in onions occurs predominantly through their roots, but it also involves translocation to various aerial parts, including leaves, stems, and bulbs. Research indicates that nitrogen uptake varies with the growth stage of the plant, with active absorption occurring primarily during the early vegetative stage, leading to increased biomass and leaf area (Moges et al., 2018). As the plant matures, nitrogen is remobilized from the leaves to the developing bulbs, emphasizing the need for timely nitrogen application to support bulb formation (Brewster, 1994).	Comment by HP: Give space
Studies show that different onion cultivars exhibit varying nitrogen uptake efficiencies and distribution patterns. For instance, higher nitrogen concentrations have been observed in the leaves compared to bulbs during early growth stages, while later in the season, a shift occurs as nitrogen accumulates more in the bulb (Ali et al., 2020). This translocation process is critical, as it affects both the quality and storage characteristics of the seed. 
Furthermore, environmental factors such as soil type, moisture, and temperature can influence nitrogen uptake patterns. For instance, well-drained, nutrient-rich soils promote optimal nitrogen absorption, while excessive moisture may lead to nitrogen leaching, negatively impacting onion growth (Hao et al., 2015).
The timing and method of nitrogen application also play a vital role in the nitrogen uptake dynamics of onions. Split applications, where nitrogen is applied at various growth stages, can enhance uptake efficiency and yield (Zhou et al., 2017). Consequently, understanding the nitrogen uptake pattern in different parts of the onion plant is essential for developing effective fertilization strategies that align with the plant's physiological needs and growth stages.
In summary, the nitrogen uptake pattern in onions varies significantly across different plant parts and growth stages, influenced by cultivar characteristics and environmental conditions. This knowledge is critical for improving fertilization practices, ensuring optimal growth, and maximizing yield.
This research aims to assess nitrogen uptake and distribution in onion seed crops under varying urea application rates, determining how different levels influence plant growth and seed yield. Additionally, the study will evaluate the effect of different urea doses on available soil nitrogen, comparing soil nitrogen levels before planting and after harvesting, to identify optimal fertilization strategies for sustainable onion seed production.	Comment by HP: In introduction part Reduce number of paragraphs 
2. Materials and Methods
2.1 Study Area
The experiment was conducted at the ICAR - Directorate of Onion and Garlic Research (DOGR), Rajgurunagar, Pune, Maharashtra, India, over two growing seasons, in 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 2021–22was classified as clay loam, with a pH of 7.9, indicating an alkaline nature, which is typical for onion cultivation.	Comment by HP: Write name of seasons VIZ. Rabi or Kharif season	Comment by HP: Give space
2.2 Experimental Design
A randomized complete block design (RCBD) 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 plantedwithin an area of 27.3 square meterplot.	Comment by HP: complete  randomized block design (CRBD
2.3 Plant Material
Onion bulbs of Bhima Shakti, with a diameter of 45–60 mm, were sourced from the SeedUnit of ICAR- Directorate of Onion and Garlic Research, Pune, India and selected for uniformity in size and quality.	Comment by HP: give space
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 (855gm), MOP (228gm) and Sulphur (91gm) were applied.	Comment by HP: give units in kg/ha
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.	Comment by HP: remove bold
The total nitrogen content in the samples was measured using the Kjeldahl method, which consists of two main steps: digestion and distillation. For the Kjeldahl digestion, approximately 0.5 g of dried and finely ground samples (leaves, stems, or bulbs) were accurately weighed and placed in a digestion flask. To each flask, 10 mL of concentrated sulfuric acid (H₂SO₄) was added, along with a catalyst mixture composed of 1 g of potassium sulfate (K₂SO₄) and a small amount of copper sulfate (CuSO₄) to enhance the digestion process (Bremner & Mulvaney, 1982). The flasks were then heated gently on a digestion block or hot plate until a clear solution was obtained, typically requiring heating at around 350°C for 2–3 hours, while preventing excessive frothing and spillage. After digestion, the flasks were allowed to cool, and the digest was diluted with distilled water to a final volume of 100 mL.	Comment by HP: H2SO4  and all in text
For the distillation phase, the digested solution was neutralized with 50 mL of 2 N sodium hydroxide (NaOH) to raise the pH to approximately 10–11. The neutralized solution was then transferred to a distillation apparatus, where a specific volume of distilled water (usually 25 mL)was added to the receiving flask to collect the distilled ammonia (NH₃) gas. The apparatus was assembled, and steam was passed through the solution to distil off ammonia, which was absorbed in the receiving flask containing boric acid (H₃BO₃) solution. The amount of ammonia absorbed was quantified by titrating the solution in the receiving flask with a standard hydrochloric acid (HCl) solution, with the endpoint indicated using a suitable indicator such as methyl red or bromocresol green. Total nitrogen content was then calculated using the formula:
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This methodology is widely accepted for assessing nitrogen content in various plant tissues (Anderson, 2005).
2.7 Soil Nitrogen Assessment
Soil samples were collected from each plot using a soil auger, ensuring a depth of approximately 15 cm to capture the active root zone. To enhance representativeness, samples were taken from multiple locations within each plot and combined into a composite sample for analysis. This approach minimizes variability due to localized differences in soil composition and nutrient availability. Following collection, the soil samples were air-dried and sieved through a 2 mm mesh to remove stones, roots, and debris, which is essential for ensuring uniformity in subsequent analyses.
The Available nitrogen content was determined using the alkaline potassium permanganate method, as outlined in Page et al. (1982). In this method, 20 g of sieved soil was mixed with 20 mL of 2.5% KMnO₄ and 100 mL of 0.32% NaOH in a Kjeldahl flask. The mixture was distilled, and the released ammonia was absorbed in a boric acid solution containing mixed indicators, followed by titration with 0.02 N sulfuric acid. The available nitrogen content was calculated based on the volume of acid consumed and expressed in kilograms per hectare (kg/ha). This methodology aligns with established soil testing protocols, ensuring accurate and 
Statistical Analysis
Data were analysed using WASP, applying two-wayanalysis of variance (ANOVA) to determine the effects of different urea application rates on nitrogen uptake, distribution, and soil nitrogen levels. Differences between treatments were considered significant when p value was ≤ 0.05. 	Comment by HP: Remove bold
Result 	Comment by HP: 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. In contrast, the highest treatment achieved nitrogen contents of 5.70% in 2020–21 and 5.61% in 2021–22. These findings indicate that increased nitrogen application enhances nitrogen accumulation in onion stems, reflecting the importance of adequate nitrogen for plant development, as detailed in Table 1.
3.3 Total Nitrogen Content in Bulb Sample
The total nitrogen content in bulb samples was analyzed at 30 and 60 DAP for the growing seasons of 2020–21 and 2021–22. In the control group, nitrogen content was recorded at 3.13% in 2020–21 and slightly increased to 3.24% in 2021–22 at 30 DAP, illustrating a limited nutrient status. With the application of 50 kg of nitrogen per hectare, the nitrogen content improved to 3.37% in 2020–21 and 3.50% in 2021–22. The trend continued with the 100 kg/ha treatment, which showed nitrogen levels of 3.82% in 2020–21 and 3.80% in 2021–22. The highest application rate of 150 kg/ha significantly boosted nitrogen levels, reaching 4.09% in 2020–21 and 4.08% in 2021–22. At 60 DAP, the control group's nitrogen content showed modest increases to 3.30% in 2020–21 and 3.40% in 2021–22. 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 percent nitrogen in  leaf, stem and bulb at 30 and 60 days after planting.	Comment by HP: Guve units viz in kg/ha or ppm

	 
	         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)	Comment by HP: Nitrogen dosage is given in kg/ha but yield is in gm/plot justify it.

	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)

3. Discussion
The results of this study provide critical insights into nitrogen (N) uptake and distribution in onion seed production, highlighting the significant impact of nitrogen fertilization on various aspects of crop growth, soil fertility, and seed yield. Understanding these dynamics is essential for optimizing fertilization strategies to enhance the seed yield of onion crops (Allium cepa L.).
4.1 Nitrogen Uptake Patterns in Onion Seed crop
The total nitrogen content in the leaves, stems, and bulbs of onion plants showed a clear positive correlation with increased urea application rates. At both 30 and 60 days after planting (DAP), the higher nitrogen treatments demonstrated significantly greater nitrogen accumulation in all plant parts compared to the control. For instance, nitrogen content in leaves increased from 4.04% in the control to 5.89% with the highest application rate (150 kg/ha) by 60 DAP. These findings align with research by Ali et al. (2020), which noted that effective nitrogen uptake during early growth stages is crucial for the successful development of onion seed crops. Similarly, studies by Kafkafiet al. (2021) emphasize that timely nitrogen application can significantly enhance early growth parameters, leading to improved overall plant health.	Comment by HP: There are two References of Ali et al. (2020). Write them with a and b	Comment by HP: Give space
As onion plants transition from vegetative growth to bulb formation, there is a critical remobilization of nitrogen. This process is particularly important for seed production, where nitrogen accumulation in the bulb contributes not only to bulb size but also to seed quality and quantity. The increase in nitrogen content in bulbs from 3.13% (control) to 4.09% (150 kg/ha) underscores the importance of adequate nitrogen for both bulb development and subsequent seed yield (Brewster, 1994). Research by Shalaby et al. (2022) corroborates these findings, highlighting that nitrogen remobilization during the bulb development phase is essential for optimizing seed yield.
4.2 Soil Nitrogen Dynamics and Implications for Seed Production
The assessment of available soil nitrogen revealed that higher nitrogen application rates not only enhanced plant nitrogen uptake but also positively impacted soil nitrogen levels. For the 150 kg/ha treatment, soil nitrogen levels increased from an initial 205.01 kg/ha to 229 kg/ha at harvest. This finding suggests that optimal nitrogen management can improve soil fertility, thereby sustaining the nitrogen supply for subsequent crop cycles, which is vital for long-term sustainability in onion seed production (Hao et al., 2015). In a related study, Zhang et al. (2019) found that improved soil nitrogen levels can significantly enhance microbial activity, which further promotes nutrient cycling and availability for future crops.	Comment by HP: Italics
In contrast, the control treatment exhibited a significant decline in available nitrogen, which could adversely affect the subsequent growth of seed crops. The maintenance of soil nitrogen levels is particularly important in seed production systems, where nutrient availability directly influences seed quality and germination rates. Research by Li et al. (2018) indicates that a decline in soil nitrogen can lead to reduced seedling vigor and overall plant health, further emphasizing the need for effective nitrogen management.
4.3 Seed Yield and Quality Response to Nitrogen Fertilization
The seed yield results highlight the pivotal role of nitrogen in maximizing seed production. In both growing seasons, the application of nitrogen resulted in substantial increases in seed yield, with the highest treatment (150 kg/ha) achieving yields of 774.67 kg/ha in 2020–21 and 1368.33 kg/ha in 2021–22. These results are consistent with the findings of Mandal et al. (2016), who reported that appropriate nitrogen fertilization significantly enhances seed yield and overall crop performance in onion seed production. Additionally, research by Kumar et al. (2023) demonstrates that higher nitrogen levels not only increase yield but also improve seed quality traits, such as germination rate and seedling vigor.	Comment by HP: vigour
The increased seed yield is attributed to enhanced biomass accumulation and improved nitrogen content in plant tissues. Higher nitrogen levels are known to boost not only the quantity of seeds produced per umbel but also their quality attributes, including size and viability, which are critical for successful onion seed production (Zhou et al., 2017). A study by Reddy et al. (2021) also found that increased nitrogen availability positively influences seed morphology and enhances physiological traits crucial for seed performance.
4.4 Implications for Fertilization Strategies in Onion Seed Production
These findings underscore the necessity for tailored nitrogen management practices in onion seed production. The use of split applications, as demonstrated in this study, can optimize nitrogen uptake during critical growth phases, ultimately enhancing seed yield and quality. This aligns with the recommendations from Zhou et al. (2017), advocating for a strategic approach to nitrogen fertilization that matches the physiological needs of the plant at various growth stages. Additionally, Ghosh et al. (2022) support the practice of split applications, indicating that this method can reduce nitrogen losses and improve efficiency in nutrient utilization.
Furthermore, understanding the specific nitrogen uptake patterns during the growth cycle of onion seed crops enables producers to make informed decisions regarding fertilizer timing and rates, thereby maximizing the efficiency of nutrient use while minimizing environmental impacts. Research by Smith et al. (2020) emphasizes the importance of precision agriculture techniques in optimizing nitrogen use, ensuring both economic and environmental sustainability in crop production.
4. Conclusion
This study highlights the importance of nitrogen fertilization in onion seed production, revealing significant impacts on nitrogen Distribution patterns, soil nitrogen dynamics, and overall seed yield. By employing effective nitrogen management strategies, growers can enhance seed production, ensure sustainable agricultural practices, and improve the quality of onion seeds for future planting.	Comment by HP: Indicate recommendation of urea as per findings of your study
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Available soil nitrogen of after harvesting (kg/ha)
2020-21	
86.02	111.02	137.88000000000011	172.51	2021-22	
76.25	105.14	136.66999999999999	162.28	Control      50kg/ha          100kg/ha    150kg/ha  
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