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Abstract
A field experiment was conducted to assess the impact of nano urea on growth and yield of single cut fodder oat (Avena sativa L.)” at ICR farm, Assam Agricultural University, Jorhat, (rabi season of 2023-24). The soil of the experimental site was sandy loam in texture, acidic in reaction (pH 5.67), medium in organic carbon (0.64 %) and available K2O (167.65 kg ha-1), while low in available N (256.6 kg ha-1) and available P2O5 (21.45 kg ha-1). Experimental findings revealed that application of 75% recommended dose of N + nano urea spray @4 ml/l (30 and 50 DAS) (T5) resulted in significantly higher growth parameters viz., plant height, plant population per meter, leaf: stem ratio, tillers per plant, leaf area index, and crop growth rate. The highest green fodder yield (32.55 t ha-1) and dry fodder yield (7.99 t ha-1) were recorded with the application of 75% recommended dose of N + nano urea spray @4 ml/l (30 and 50 DAS) (T5).
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1. Introduction
In the dynamic landscape of modern agriculture, the exploration and utilization of specialized forage crops have become imperative for enhancing livestock nutrition and overall farm productivity. Fodder oats, characterized by a specific growth pattern that allows for a singular harvest, present a compelling avenue for addressing the nutritional requirements of livestock. The importance of single cut fodder oats in agriculture is underscored by their unique attributes, including rapid growth, high biomass yield, and a favorable nutritional profile
Oat (Avena sativa L.) is a significant rabi season fodder crop that originated in Mediterranean region and then spread all over European regions, Russia and Turkey. It belongs to the family poaceae. It exhibits a self-pollination reproductive behavior and holds an essential place in global agriculture. According to FAOSTAT (2020), oats rank sixth in world cereal production, underscoring their importance in the cereal market and as a staple for both human consumption and livestock feed. Oat is well adapted to a temperate environment. Since oat demands a long and cold growing season, it is grown well in the country's plains and hilly places. It grows best in places where the winter temperature ranges between 15℃ and 25℃. Although it can withstand frost to some extent, hot and dry conditions reduce fodder yield and quality. In India oat cultivated under a wide range of climatic conditions of north, central and western zones of the India. It has an excellent growth habit and is an economical source of dietary energy. In India, oat crop is cultivated in an area of approximately 1 million hectares with green fodder productivity of 350-500 q/ha. Oats hold significant importance as a winter forage crop in the northwest and central regions of India. Uttar Pradesh accounts for the largest share of cultivation at 34%, followed by Punjab (20%), Bihar (16%), Haryana (9%), and Madhya Pradesh (6%). 
While the ripening stage of the oat contains more fibre, the young stage contains more crude protein. The oat crop is mainly cultivated as animal feed, accounting for over 74% of its global usage (Welch, 1995). 
Nitrogen is crucial for improvements in fodder production, both qualitatively and quantitatively. It is essential for photosynthesis and forms an integral part of proteins. Its assimilation directly influences crop biomass production and grain yield (Bergamo et al., 2007). Nitrogen plays a crucial role in determining fodder quality by influencing dry matter, crude protein content, and other key attributes. Studies have shown that nitrogen improves growth, yield, and the overall quality of oat fodder (Kumari et al., 2014; Bilal et al., 2017). Urea is one of the primary nitrogen fertilizers used in agriculture (Mahil et al., 2019). Over time, the production, import, and consumption of urea have steadily increased (Anonymous, 2019). The processes of biological N fixation, immobilization, nitrification, denitrification, and volatilization occur when nitrogen is applied as bulk fertilizer at acidic and alkaline pH values, respectively (Patra et al., 2006). Due to these transformation processes, managing nitrogen becomes highly complex, making it difficult to improve nitrogen use efficiency. Approximately 50-70 percent of the nitrogen from traditional sources is lost through leaching and volatilization (De Rosa et al., 2010), making it unavailable to plants. Conventional urea delivers only 30-40% of nitrogen to plants, with the rest being lost, whereas nano-urea liquid has an efficiency of over 80% (IFFCO, 2022). Under drought conditions, foliar fertilization of nitrogen is seven times more effective than soil application, as it minimizes denitrification and leaching losses (Dixon, 2003). The majority of Indian soils lack nitrogen, which is one of the main reasons for the low yield and poor quality of fodder oats. Therefore, a proper dose and source of nitrogen will boost fodder oat yield and nutritional value, while an excessive or careless dose degrades soil health and causes an accumulation of animal-toxic nitrate nitrogen in the fodder. Given that nitrogen affects cell division, elongation, and internodal expansion, it is necessary for the production of fodder. The leaching of nitrogen compounds lowers the effectiveness of nitrogen fertilizer. The goal of research is to create methods, like applying slow-release fertilizers or raising the soluble adsorbent surface, that will help maintain nitrogen in the soil's top layer. A novel method of supplying nutrients via nanoparticles is presented in order to get around these issues. Nanoscience and Nanotechnology represent a new frontier for the research community. Nano fertilizer is working with the smallest possible particles which elevate hopes for improving agricultural productivity through encountering problems unsolved conventionally. Nanotechnology has its goal in realization of novel materials and devices with features on the nanoscale, drawing from fields such as colloidal science, device physics and supra molecular chemistry. In the management aspects, efforts are made to increase the efficiency of applied fertilizer with the help of nano clays and zeolites and restoration of soil fertility by releasing fixed nutrients.
It has found potential applications in controlling nutrient release and availability, characterization of soil minerals, weathering of soil minerals and development, nature of soil rhizosphere and nutrient ion transport in soil plant system (Ajitkumar et al., 2021). The matter exhibits new and distinct properties at the nanoscale that differ greatly from those seen at the macroscopic level. Both the smaller molecules and the altered interactions between the molecules are to blame for the change in properties. The characteristics and potential applications of nanotechnology, such as increased bioavailability and bioactivity, high reactivity, adherence effects, and surface effects of nanoparticles, are of great interest to the agricultural revolution. Foliar applications are the technique of feeding plants by spraying liquid fertilizers or other chemical or natural product directly to the leaves of macro and micronutrients are more effective in term of getting maximum yield and reduce losses (Juthery et al., 2018).


2. Materials and Methods
During rabi season 2023-24, a field experiment was carried out at Instructional cum research (ICR) farm, Assam Agricultural University, Jorhat. RO-11-1 was the test variety. The experiment was laid out in randomized block design, replicated thrice with ten treatments. The treatment were: control (T1), RDN 40 kg ha-1 (T2), 75% recommended dose of N + nano urea spray @2 ml/l of water (T3), 50% recommended dose of N + nano urea spray @2 ml/l of water (T4), 75% recommended dose of N + nano urea spray @4 ml/l of water (T5), 50% recommended dose of N + nano urea spray @4 ml/l of water (T6), 75% recommended dose of N + nano urea spray @6 ml/l of water (T7), 50% recommended dose of N + nano urea spray @6 ml/l of water (T8), 75% recommended dose of N + spray of 2 % urea (T9), 50 % recommended dose of N + spray of 2 % urea (T10). Two sprays of nano urea and urea were sprayed at 30 and 50 days after sowing. Two spilt doses of recommended nitrogen were applied at 25 days and 45 days after sowing (50 % at basal + 25 % at 25 days and 25 % at 45 days after sowing). To evaluate the treatment effect, the various morphological observations, growth analysis and yields were recorded in the experiment at different intervals respectively. The recommended dose of fertilizers for oats is 40:20:20 kg of N, P2O5 K2O kg/ha respectively. Data related to the experiment were analysed by ANOVA and the significance was determined by using Fisher’s least significance difference (p = 0.05%).

3. Results and discussion 
The results indicated that growth attributes evaluated in the study were significantly influenced by all treatments over control (no nitrogen application).
The results obtained from the present investigation as well as relevant discussion have been summarized under the following heads.

3.1 Plant Height
Plant height was measured and recorded at various growth stages 30 DAS, 60 DAS and at harvest to evaluate the effects of different treatments on plant development. The data collected were statistically analyzed, and the results are presented in Table 1. At 30 DAS, plant height differences were not statistically significant. However, the highest plant height (36.05 cm) was recorded in the treatment T2: RDN 40 kg/ha, whereas the lowest plant height (33.18 cm) was recorded in the treatment T1: control.However, at 60 DAS T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum plant height (97.35 cm), whereas T1: control had the minimum plant height (57.23 cm). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (95.95cm), T2: RDN 40 kg/ha (94.99 cm), and T9: 75% RDN + 2% urea spray (30 and 50 DAS) (92.39 cm) were statistically at par.
Similarly at harvest, T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum plant height (154.73 cm), whereas T1: control had the minimum plant height (69.32 cm). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (149.55 cm), T2: RDN 40 kg/ha (143.53 cm), and T9: 75% RDN + 2% urea spray (30 and 50 DAS) (142.61 cm) were statistically at par. The plant height was not statistically significant at 30 DAS. However, the application of 75% RDN + NU spray @4 ml/l (30 and 50 DAS) (T5) increased the plant height by 70.08% and 123.22% at 60 DAS and at harvest, respectively over control treatment (T1). The significant differences in plant height across various treatments highlight the crucial role of nano urea in enhancing plant height by providing continuous supply of nitrogen. Nitrogen which is important in amino acids, and proteins formation, cell division and cell elongation (Bhedela et al., 2024). Nitrogen is recognized for enhancing the synthesis and activity of auxins, key plant hormones that regulate cell division and elongation. Consequently, the plant's entire vegetative structure undergoes faster growth, resulting in an overall increase in height and other growth-related characteristics (Navya et al., 2022). The same effect of nano urea application was observed by Chavan et al. (2023) and Sheoran et al. (2021).However, the application of 75% RDN + NU spray @6 ml/l (30 and 50 DAS) (T7) and 50% RDN + NU spray @6 ml/l (30 and 50 DAS) (T8) even though having higher nano urea concentration as compared to application of 75% RDN + NU spray @4 ml/l (30 and 50 DAS) (T5) were not statistically at par.
Similarly, Bhukya et al. (2024), reported that 75% N through urea + two foliar sprays of







IFFCO nano urea @2-4 ml/l showed highest plant height in rabi maize as compared to 75% N through urea + two foliar sprays of COAP nano urea @6 ml/l and 75% N through urea + two foliar sprays of COAP nano urea @12 ml/l.
Bhedela et al. (2024) observed that application of foliar spray of 0.2-0.4% nano urea was showing better results in mustard as compared to foliar spray of 0.6% nano urea. Similar findings were close vicinity of those reported by Vyankatrao et al. (2024) and Ajithkumar et al. (2021)No toxicity and negative effects on the crops were reported in all the above experiments with increase in nano urea concentrations. Spraying IFFCO Nano Urea liquid at a concentration of 2-4 ml per litre during key growth stages of crops is highly advantageous, as it ensures rapid nutrient absorption by the plants (Bhukya et al., 2024). Similarly, Arya et al. (2022) also stated that applying nano urea at a concentration of 2 to 4 ml per litre of water during critical crop growth stages stimulates crop response, fulfils nutritional needs, and improves nutrient availability in the rhizosphere. These findings suggest that exceeding the optimal number of applications or concentrations may not lead to proportional yield increases and could imply unnecessary input usage.
           Table 1. Effect of nano urea on plant height (cm) of single cut fodder oat.
	Treatments
	Plant height (cm)

	
	30
DAS
	60
DAS
	At harvest

	T1 - Control (Without N)
	33.18
	57.23
	69.32

	T2 - RDN 40 kg/ha
	36.05
	94.99
	143.54

	T3 - 75% RDN + NU spray @2 ml/l (30 and 50 DAS)
	35.06
	95.95
	149.55

	T4 - 50% RDN + NU spray @2 ml/l (30 and 50 DAS)
	33.74
	87.11
	133.22

	T5 - 75% RDN + NU spray @4 ml/l (30 and 50 DAS)
	36.00
	97.35
	154.73

	T6 - 50% RDN + NU spray @4 ml/l (30 and 50 DAS)
	34.55
	90.63
	136.88

	T7 - 75% RDN + NU spray @6 ml/l (30 and 50 DAS)
	35.19
	84.85
	128.53

	T8 - 50% RDN + NU spray @6 ml/l (30 and 50 DAS)
	33.43
	83.30
	126.61

	T9 - 75% RDN + 2% urea spray (30 and 50 DAS)
	35.33
	92.39
	142.61

	T10 - 50% RDN + 2% urea spray (30 and 50DAS)
	34.72
	85.73
	131.32

	S.Em(±)
	0.44
	1.98
	4.37

	CD (0.05)
	NS
	5.88
	12.99



3.2 Plant population per meter
At 30 DAS, plant population per meter differences were not statistically significant. However, the highest plant population per meter (87) was recorded in the treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS), whereas the lowest plant population (71.6) was recorded in the treatment T1: control as seen in Table 2.At 60 DAS, T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum plant population per meter (144.8), whereas T1: control had the minimum plant population per meter (89.2). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (137.1), T2: RDN 40 kg/ha (134.7), and T9: 75% RDN + 2% urea spray (30 and 50 DAS) (133) were statistically at par.
Similarly at harvest, T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum plant population per meter (138.4), whereas T1: control had the minimum plant population per meter (83.3). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (132.3), and T2: RDN 40 kg/ha (128.6) were statistically at par.



The significant differences in plant population per meter across various treatments highlight the crucial role of nano urea in enhancing plant population by providing continuous supply of nitrogen. The plant population increased with higher nitrogen levels by 
increasing the nano urea concentrations. Similar results were reported by Sarkar et al. (2023), and Arya et al. (2022).
Highest plant population per meter was observed during 60 DAS and decline with harvest. It is being reported that tiller production in grass species, including oats, typically deceases around 60-100 days after sowing, indicating a natural physiological limit to tiller development (Troughton, 1955).
Table 2. Effect of nano urea on plant population of single cut fodder oat

	Treatments
	Plant population/m

	
	30
DAS
	60
DAS
	At harvest

	T1 - Control (Without N)
	71.6
	89.2
	83.3

	
T2 - RDN 40 kg/ha
	
82.3
	
134.7
	
128.6

	
T3 - 75% RDN + NU spray @2 ml/l (30 and 50 DAS)
	
86.7
	
137.1
	
132.3

	
T4 - 50% RDN + NU spray @2 ml/l (30 and 50 DAS)
	
81.6
	
120.4
	
115.9

	
T5 - 75% RDN + NU spray @4 ml/l (30 and 50 DAS)
	
87.0
	
144.8
	
138.4

	T6 - 50% RDN + NU spray @4 ml/l (30 and 50 DAS)
	81.6
	123.2
	117.2

	
T7 - 75% RDN + NU spray @6 ml/l (30 and 50 DAS)
	
79.7
	
112.8
	
109.5

	
T8 - 50% RDN + NU spray @6 ml/l (30 and 50 DAS)
	
79.0
	
100.8
	
96.8

	
T9 - 75% RDN + 2% urea spray (30 and 50 DAS)
	
81.7
	
133.0
	
126.2

	
T10 - 50% RDN + 2% urea spray (30 and 50 DAS)
	80.4
	116.5
	112.2

	S.Em(±)
	2.05
	4.22
	4.04

	CD (0.05)
	NS
	12.53
	11.99



3.3 Leaf: Stem ratio
Leaf: Stem ratio was recorded at harvest to evaluate the effects of different treatments on plant development. The data collected were statistically analyzed, and the results are presented in Table 3. At harvest, T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum leaf: stem ratio (0.97), whereas T1: control had the minimum leaf: stem ratio (0.64). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (0.94), and T2: RDN 40 kg/ha (0.94) were statistically at par.This ratio differs widely across forage species and is shaped by factors such as genetics, growth stages, and environmental conditions. The leaf: stem ratio is a key factor in evaluating forage quality, with higher ratios generally reflecting improved nutritional value and digestibility (Mganga et al., 2021; Smart et al., 2004).The application of 75% RDN + NU spray @4 ml/l (30 and 50 DAS) (T5) increased the Leaf: Stem ratio by 51.56%, at the time of harvest over the control treatment (T1). The correlation between higher fertilization and improved leaf area leads to an increase in the leaf: stem ratio. These results align with the findings reported in the studies conducted by Saklani et al. (2022).
3.4 Number of tillers per plant
Tillers per plant was recorded at harvest to evaluate the effects of different treatments on plant development. The data collected were statistically analyzed, and the results are presented in Table 3. At harvest, T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum tillers per plant (4.4), whereas T1: control had the minimum tillers per plant (2.7). Treatments T2: RDN 40 kg/ha (4.3), and T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (4.2) were statistically at par. Application of 75% RDN + NU spray @ 4 ml/l (30 and 50 DAS) (T5) increased the tillers per plant by 62.96%, at the time of harvest over the control treatment (T1). Higher nitrogen application rates lead to improved tiller counts and overall productivity (Jat et al., 2017). Higher nitrogen availability results in increased photosynthetic activity, promoting the development of new tillers by stimulating axillary bud growth. Similar results were reported by Sarkar et al. (2023), and Arya et al. (2022).
3.5 Days to 50% flowering
Days to 50% flowering was recorded at harvest to evaluate the effects of different treatments on plant development. The data collected were statistically analyzed, and the results are presented in Table 3.
The crop was harvested at the 50% flowering stage. The Early 50% flowering (91 days) was observed in the treatments T2: RDN 40 kg/ha, T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS), T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS), T9: 75% RDN + 2% urea spray (30 and 50 DAS). Treatments T4: 50% RDN + NU spray @2 ml/l (30 and 50 DAS), T6: 50% RDN + NU spray @4 ml/l (30 and 50 DAS), T7: 75% RDN + NU spray @6 ml/l (30 and 50 DAS), T8: 50% RDN + NU spray @6 ml/l (30 and 50 DAS), T10: 50% RDN + 2% urea spray (30 and 50 DAS) were statistically at par (92 days). The late 50% flowering (98 days) was observed in the T1: control. Nano urea application accelerates optimizing plant growth, reproductive development, influencing crop yields and productivity and eventually decreasing the days to 50% flowering. These results align with the findings reported in the studies conducted by Mansingh (2023).
3.6 Number of leaves per tiller
Number of leaves per tiller was recorded at harvest to evaluate the effects of different treatments on plant development. The data collected were statistically analyzed, and the results are presented in Table 3. At harvest, no significant difference among the treatments was observed. However, the highest number of leaves per tiller (7.4) was recorded in the treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) and T2: RDN 40 kg/ha, respectively. The lowest leaves per tiller (6.4) was recorded under the treatment T1: control. Leaves are the direct producer of biomass. The number of leaves did not exhibit any statistically significant differences among the different treatments during harvest. One possible reason is that nano-urea accelerated dry matter accumulation, supporting overall plant growth and development without significantly increasing leaf numbers. Another explanation could be that leaf number is primarily determined by genetic factors. This suggests that plant responses to nitrogen and nano-urea applications are intricate and involve multiple physiological processes that influence growth and productivity (Kalita, 2023).

Table 3. Effect of nano urea on Leaf: Stem, Tillers per plant, Days to flowering, Leaves per tiller at harvest
	Treatments
	Leaf: Stem
	Tillers/ plant
	Days to 50%
flowering
	Leaves/ tiller

	T1 - Control (Without N)
	0.64
	2.7
	98
	6.4

	T2 - RDN 40 kg/ha
	0.94
	4.3
	92
	7.4

	T3 - 75% RDN + NU spray @2 ml/l (30 and 50 DAS)
	0.94
	4.2
	91
	6.7

	T4 - 50% RDN + NU spray @2 ml/l (30 and 50 DAS)
	0.78
	3.7
	91
	7.2

	T5 - 75% RDN + NU spray @4 ml/l (30 and 50 DAS)
	0.97
	4.4
	92
	7.4

	T6 - 50% RDN + NU spray @4 ml/l (30 and 50 DAS)
	0.81
	4.0
	91
	7.0

	T7 - 75% RDN + NU spray @6 ml/l (30 and 50 DAS)
	0.69
	4.0
	92
	7.2

	T8 - 50% RDN + NU spray @6 ml/l (30 and 50 DAS)
	0.72
	3.4
	91
	7.1

	T9 - 75% RDN + 2% urea spray (30 and 50 DAS)
	0.92
	3.8
	92
	6.5

	T10 - 50% RDN + 2 % urea spray (30 and 50 DAS)
	0.75
	3.9
	91
	7.0

	S.Em(±)
	0.011
	0.15
	0.5
	0.177

	CD (0.05)
	0.033
	0.46
	1.5
	NS













	





3.7 Leaf area Index (LAI)
Leaf Area Index were measured and recorded at various growth stages 20 DAS, 40 DAS, 60 DAS and at harvest to evaluate the effects of different treatments on plant development. The data collected were statistically analyzed, and the results are presented in Table 4. At 20 DAS, leaf area index differences were not statistically significant. However, the highest leaf area index (0.41) was recorded in the treatments T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS), T3: 75% RDN + NU spray @ 2ml/l (30 and 50 DAS), and T2: RDN 40 kg/ha, respectively whereas the lowest leaf area index (0.37) was recorded in the treatment T1: control.Similarly at 40 DAS, leaf area index differences were not statistically significant.,
However, the highest leaf area index (1.26) was recorded in the treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) and T2: RDN 40 kg/ha, respectively whereas the lowest leaf area index (1.18) was recorded in the treatment T1: control.At 60 DAS, treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum leaf area index (2.48), whereas T1: control had the minimum leaf area index (1.30). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (2.44), and T2: RDN 40 kg/ha (2.44) were statistically at par. At harvest, treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum leaf area index (4.15), whereas T1: control had the minimum leaf area index (2.23). The Leaf area index (LAI) was not statistically significant at 20 DAS and 40 DAS. However, the application of 75% RDN + NU spray @4 ml/l (30 and 50 DAS) (T5) increased the leaf area index by 90.77% and 86.10% at 60 DAS and at harvest, respectively over control treatment (T1). Nitrogen is recognized for enhancing the synthesis and activity of auxins, key plant hormones that regulate cell division and elongation. Thus, increasing the leaf area index (LAI) of the fodder oat. Similar results were reported by Kumar (b) et al. (2023), and Navya et al. (2022).

Table 4: Effect of nano urea on Leaf Area Index (LAI) of single cut fodder oat
	Treatments
	Leaf Area Index (LAI)

	
	20
DAS
	40
DAS
	60
DAS
	At harvest

	T1 - Control (Without N)
	0.37
	1.18
	1.30
	2.23

	
T2 - RDN 40 kg/ha
	
0.41
	
1.26
	
2.44
	
3.82

	T3 - 75% RDN + NU spray @2 ml/l (30 and 50 DAS)
	
0.41
	
1.25
	
2.44
	
3.93

	T4 - 50% RDN + NU spray @2 ml/l (30 and 50 DAS)
	0.40
	1.24
	2.08
	3.31

	T5 - 75% RDN + NU spray @4 ml/l (30 and 50 DAS)
	0.41
	1.26
	2.48
	4.15

	T6 - 50% RDN + NU spray @4 ml/l (30 and 50 DAS)
	0.40
	1.25
	2.08
	3.39

	T7 - 75% RDN + NU spray @6 ml/l (30 and 50 DAS)
	0.40
	1.21
	1.86
	2.89

	T8 - 50% RDN + NU spray @6 ml/l (30 and 50 DAS)
	0.39
	1.21
	1.85
	2.62

	T9 - 75% RDN + 2% urea spray (30 and 50 DAS)
	0.40
	1.25
	2.37
	3.46

	T10 - 50% RDN + 2% urea spray (30 and 50 DAS)
	0.39
	1.22
	1.95
	2.98

	S.Em(±)
	0.006
	0.022
	0.024
	0.025

	CD (0.05)

	NS
	NS
	0.071
	0.073


3.8 Crop Growth Rate (CGR)
Crop growth rate was measured and recorded at various growth stages 0-20 DAS, 20-40 DAS, 40-60 DAS, 60 DAS-at harvest to evaluate the effects of different treatments on plant development. The data collected were statistically analyzed, and the results are presented in Table 5. At 0-20 DAS, crop growth rate differences were not statistically significant. However, the highest crop growth rate (1.59 g/m2/day) was recorded in the treatment T2: RDN 40 kg/ha, whereas the lowest crop growth rate (1.47 g/m2/day) was recorded in the treatment T1: control. Crop growth rate (CGR) is an essential measure in agriculture, indicating the efficiency of crop development under different conditions. It is affected by factors such as the selection of cultivar, planting dates, environmental conditions, and management strategies.
Similarly at 20-40 DAS, crop growth rate differences were not statistically significant. However, the highest crop growth rate (3.50 g/m2/day) was recorded in the treatment T2: RDN 40 kg/ha, whereas the lowest crop growth rate (3.03 g/m2/day) was recorded in the treatment T1: control.At 40-60 DAS, treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum crop growth rate (6.82 g/m2/day), whereas T1: control had the minimum crop growth rate (5.10 g/m2/day). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (6.80 









Table 5: Effect of nano urea on Crop growth rate (g/𝐦𝟐/𝐝𝐚𝐲) of single cut fodder oat.
	Treatments
	Crop growth rate (g/𝐦𝟐/𝐝𝐚𝐲)

	
	0-20
DAS
	20-40
DAS
	40-60
DAS
	60 DAS –
Harvest

	T1 - Control (Without N)
	1.47
	3.03
	5.10
	6.44

	
T2 - RDN 40 kg/ha
	
1.59
	
3.50
	
6.67
	
9.53

	
T3 - 75% RDN + NU spray @2 ml/l (30 and 50 DAS)
	
1.58
	
3.42
	
6.80
	
9.56

	T4 - 50% RDN + NU spray @2 ml/l (30 and 50 DAS)
	1.55
	3.29
	6.53
	8.92

	T5 - 75% RDN + NU spray @4 ml/l (30 and 50 DAS)
	1.58
	3.42
	6.82
	9.64

	T6 - 50% RDN + NU spray @4 ml/l (30 and 50 DAS)
	1.58
	3.41
	6.56
	8.93

	T7 - 75% RDN + NU spray @6 ml/l (30 and 50 DAS)
	1.55
	3.28
	6.37
	7.79

	T8 - 50% RDN + NU spray @6 ml/l (30 and 50 DAS)
	1.55
	3.27
	6.29
	7.59

	T9 - 75% RDN + 2% urea spray (30
and 50 DAS)
	1.56
	3.20
	6.62
	9.48

	T10 - 50% RDN + 2% urea spray (30
and 50 DAS)
	1.55
	3.28
	6.49
	8.83

	S.Em(±)
	0.02
	0.06
	0.08
	0.22

	CD (0.05)
	NS
	NS
	0.24
	0.65


g/m2/day), and T2: RDN 40 kg/ha (6.67 g/m2/day) and T9: 75% RDN + 2% urea spray (30 and 50 DAS) (6.62 g/m2/day) were statistically at par.
At 60 DAS-at harvest, treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum crop growth rate (9.64 g/m2/day), whereas T1: control had the minimum crop growth rate (6.44 g/m2/day). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (9.56 g/m2/day), and T2: RDN 40 kg/ha (9.53 g/m2/day) and T9: 75% RDN + 2% urea spray (30 and 50 DAS) (9.48 g/m2/day) were statistically at par.The crop growth rate (CGR) was not statistically significant at 0-20 DAS and 20- 40 DAS. The application of 75% RDN + NU spray @ 4 ml/l (30 and 50 DAS) (T5) increased the crop growth rate by 33.73% and 49.69% at 40-60 DAS and 60-at harvest, respectively over control treatment (T1). The significant differences in crop growth rates (CGR) across various treatments highlight the crucial role of nano urea in enhancing plant growth and development by providing continuous supply of nitrogen. The same effect of nano urea application was observed by Srivastava and Singh (2023).

3.9 Green Fodder Yield (t/ha) and Dry Fodder Yield (t/ha)
The harvesting was done when the plant achieved 50% flowering stage. The data collected were statistically analyzed, and the results are presented in Table 6. Treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum green fodder yield (32.55 t/ha), whereas T1: control had the minimum green fodder yield (16.14 t/ha). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (30.97 t/ha), and T2: RDN 40 kg/ha (29.83 t/ha) were statistically at par. Treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the maximum dry fodder yield (7.99 t/ha), whereas T1: control had the minimum green fodder yield (16.14 t/ha). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (7.72 t/ha), and T2: RDN 40 kg/ha (7.33 t/ha) were statistically at par. The results are presented in Table 6.
Applying 75% RDN + NU spray @ 4 ml/l (30 and 50 DAS) (T5) increased the green fodder yield by 101.67% and dry fodder by 90.24%, respectively over control treatment (T1).Similarly, the case of the application of 75% RDN + NU spray @ 4 ml/l (30 and 50 DAS) (T5) increase the per day productivity in green fodder yield by 110.54% and 98.76%, respectively over control treatment (T1).The effect of nano fertilizers facilitates better nutrient absorption by plant cells. This promotes optimal growth of plant structures and boosts metabolic processes like photosynthesis, ultimately leading to increased accumulation of photosynthates translocation to the plants economic parts, thus resulting in high yield which attributed to increased source and sink strength (Vyankatrao et al., 2024). These results are in line with the results reported by Midde et al. (2022) and Ajitkumar et al. (2021).
Table 6: Effect of nano urea on Green Fodder Yield and Dry Fodder Yield of single cut fodder oat
	Treatments
	Green Fodder Yield (t/ha)
	Dry Fodder Yield (t/ha)

	T1 - Control (Without N)
	16.14
	4.20

	
T2 - RDN 40 kg/ha
	29.83
	7.33

	T3 - 75% RDN + NU spray @2 ml/l (30 and 50 DAS)
	
30.97
	
7.72

	T4 - 50% RDN + NU spray @2 ml/l (30 and 50 DAS)
	25.82
	6.37

	T5 - 75% RDN + NU spray @4 ml/l (30 and 50 DAS)
	32.55
	7.99

	T6 - 50% RDN + NU spray @4 ml/l (30 and 50 DAS)
	27.19
	6.78

	T7 - 75% RDN + NU spray @6 ml/l (30 and 50 DAS)
	24.63
	6.11

	T8 - 50% RDN + NU spray @6 ml/l (30 and 50 DAS)
	21.56
	5.32

	T9 - 75% RDN + 2% urea spray (30 and 50 DAS)
	28.46
	7.25

	T10 - 50% RDN + 2% urea spray (30 and 50 DAS)
	25.44
	6.30

	S.Em(±)
	0.93
	0.25

	CD (0.05)
	2.76
	0.73



4. Conclusion
Based on the present one-year study, the application of 75% RDN + NU spray @ 4 ml/l (30 and 50 DAS) effectively enhanced the growth and productivity of single-cut fodder oats; however, these findings require validation through multi-year and multi-location research for broader applicability. The reduced nitrogen dose combined with NU spray can benefit the environment by lowering nitrogen losses, minimizing pollution, and reducing greenhouse gas emissions. This approach also supports precision agriculture by promoting efficient nutrient use, targeted input management, and improved resource optimization, contributing to more sustainable and productive fodder oat cultivation
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