


IMPACT OF NANO UREA ON CRUDE FIBRE, CRUDE PROTEIN, AND CRUDE PROTEIN YIELD OF SINGLE CUT FODDER OAT (Avena Sativa L.)

 

Abstract
A field experiment was conducted at Instructional cum research (ICR) farm, Assam Agricultural University, Jorhat, during the rabi season of 2023-24 to study the impact of nano urea on crude fibre, crude protein, and crude protein yield of single cut fodder oat (Avena sativa L.). The experimental crop variety, RO-11-1, was sown during the last week of November. The soil at the experimental site was sandy loam in texture, acidic in nature (pH 5.67), medium in organic carbon content (0.64%) and available K₂O (167.65 kg ha⁻¹), but low in available nitrogen (256.6 kg ha⁻¹).and available P2O5 (21.45 kg ha-1). Ten different treatments were included to compare nano urea with conventional urea across doses and methods, identify optimal nitrogen management, capture variability, ensure statistical reliability, and assess fodder yield. 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 lower crude fibre (24.17 %) and higher crude protein (12.84 %). The highest crude protein yield (10.31 t ha-1) was 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
Oats serve as an important fodder crop for livestock, supporting animal health and productivity and thereby affecting the quality of products such as milk and meat. Additionally, single-cut fodder oat cultivation is consistent with sustainable agricultural practices, contributing to soil health improvement, erosion control, and efficient use of resources. An understanding of the agronomic practices associated with single-cut fodder oats highlights their potential role in improving the economic sustainability of livestock production systems.
Approximately 4.11% of India's GDP is derived from livestock, which makes up 15% of the world's total livestock population and the backbone of the agricultural economy. Livestock feed is grown on just 4% of the cultivable land in the country. There is currently a net 35.6% shortage of green fodder nationwide (Singh et al., 2022).
Their high protein and fat content make oats an excellent choice for animal feed, offering ample energy and a favorable fatty acid composition. Oat is one of the important fodder crops and is mainly grown for the purpose of grain, forage, pasture or crop rotation. On an average, it contains 10-11.5 per cent crude protein, 55-63 per cent neutral detergent fibre, 30-32 per cent acid detergent fibre, 22-23.5 per cent cellulose, and 17-20 per cent hemicellulose. Oat straw contains a high amount of metabolizable energy and has more available energy than other cereals (Sahu et al., 2022). They  are widely recognized as a great source of protein, offering all the essential amino acids such as threonine, lysine, and methionine (Meydani, 2009). Oat straws are preferred over other cereal straws because they are softer. They yield excellent herbage, grow well, and bounce back fast from pruning. 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). 
Nano-fertilizers possess a large surface area and extremely small particle size, smaller than the pore size of plant roots and leaves, allowing for enhanced penetration from the application site. This improves nutrient absorption and utilization efficiency. Decreasing particle size increases the specific surface area and the number of particles per unit area, maximizing contact with the plant. As a result, nano-fertilizers achieve greater penetration, improved nutrient uptake, and higher nutrient use efficiency (Liscano et al. 2000). Nano-urea is a liquid form of solid urea, and a 500 ml bottle contains 40,000 ppm of nitrogen (Anil et al., 2023). With a two-year shelf life, nano- urea has 4% nitrogen in the form of encapsulated nitrogen analogs or forms embedded on an organic matrix. Nano-urea is sprayed at a rate of 2 to 4 ml per liter of water, depending on the crop's nitrogen needs, crop canopy development, and water requirements for the standing crop. Three times more efficient use of nutrients, a 55-60 times lower dependency on chemical fertilizers, a 10-12 times greater resistance to crop stress, a 30-35% increase in plant nutrient mobilization, and an 18-54% increase in crop yield are among the advantages of nano fertilizer (Rathore et al., 2022). Additionally, the application of nano fertilizers has been found to improve plants resistance to biotic and abiotic stresses (Mejias et al., 2021). The goal of nano fertilizer is to increase nutrient use efficiency (NUE) without having an adverse effect on plants by distributing nutrients in a controlled way in response to their needs (Naderi and Shahraki, 2013). Spraying nano-urea in two separate doses, one at 25 DAS and the other at 45 DAS, is advised. After being sprayed on leaves, nano-urea is swiftly absorbed by the plant cells via stomata and other apertures. Through the phloem, it is easily distributed throughout the plant based on its needs, from the source to the sink. In order to ensure healthy plant growth and development, unused nitrogen is gradually released from the plant vacuole. Therefore, research was conducted to study the impact of nano urea on quality parameters of fodder oats.  

        Material and Methods
A field experiment was carried out during rabi season 2023-24 at Instructional cum research (ICR) farm, Assam Agricultural University, Jorhat. The experiment was laid out in randomized block design, replicated thrice with ten treatments. The treatment were as follows : 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, crude fibre, crude protein and crude protein yield were recorded 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%).

2. Results and discussion

The results indicated that crude fibre, crude protein and crude protein recorded 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.

2.1.  Crude fibre content (%)
The crude fibre content was recorded at harvest. Treatment T1: control showed the highest crude fibre content (28.34%), whereas T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) had the lowest crude fibre content (24.17%). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (24.29%), T2: RDN 40 kg/ha (24.63%), and T9: 75% RDN + 2% urea spray (30 and 50 DAS) (24.77) were statistically at par with T5.The crude fibre content was recorded the lowest at application of 75% RDN + NU spray @4 ml/l (30 and 50 DAS) (T5) which was about 14.72% lower as compared to control treatment (T1). Lower crude fibre content might be due to higher nitrogen content. Increase metabolism improves the crop's succulence while reducing the levels of pectin, cellulose, and hemicellulose, which are key components of crude fibre. Forages with lower crude fibre content are considered superior, as they do not compromise digestibility. Consequently, this fodder crop, with its reduced crude fibre content, is well-suited for use as feed for poultry, ducks, and fish. Similar findings were also recorded by Shekara et al. (2024) and Kumar et al. (2024).

2.2.  Crude protein content (%)
The crude protein content was recorded at harvest. At harvest, treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the highest crude protein content (12.84%), whereas T1: control had the lowest crude protein content (11.08%). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (12.71%), T2: RDN 40 kg/ha (12.52%), and T9: 75% RDN + 2% urea spray (30 and 50 DAS) (12.38%) were statistically at par.The crude protein content was recorded the highest at the application of 75% RDN + NU spray @4 ml/l (30 and 50 DAS) (T5) which was about 15.89% higher as compared to control (T1). Higher crude protein levels are directly associated with increased nitrogen content. Nitrogen which is important in amino acids, and proteins formation, cell division and cell elongation (Bhedela et al., 2024). Similar findings were also recorded by Saklani and Pal (2022).
2.3.  Crude protein yield (q/ha)
The crude protein yield was recorded at harvest. At harvest, treatment T5: 75% RDN + NU spray @4 ml/l (30 and 50 DAS) showed the highest crude protein yield (10.31 t/ha), whereas T1: control had the lowest crude protein yield (4.67 t/ha). Treatments T3: 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (9.81 t/ha) was statistically at par. The crude protein yield was recorded the highest at the application of 75% RDN + NU spray @4 ml/l (30 and 50 DAS) (T5) which was about 120.77% higher as compared to control treatment (T1). The higher yield of crude protein might be due to higher yield. Similar findings were also recorded by Saklani and Pal (2022).

Table 1: Effect of nano urea on crude fibre, crude protein and crude protein yield of single cut of the fodder yield
	Treatments
	Crude fibre
(%)
	Crude protein
(%)
	Crude protein yield
(q/ha)

	T1 - Control (Without N)
	28.34
	11.08
	4.67

	
T2 - RDN 40 kg/ha
	
24.63
	
12.52
	
9.17

	
T3 - 75% RDN + NU spray @2 ml/l (30 and 50 DAS)
	
24.29
	
12.71
	
9.81

	T4 - 50% RDN + NU spray @2 ml/l (30 and 50 DAS)
	25.68
	12.09
	7.70

	T5 - 75% RDN + NU spray @4 ml/l (30 and 50 DAS)
	24.17
	12.84
	10.31

	T6 - 50% RDN + NU spray @4 ml/l (30 and 50 DAS)
	25.42
	12.09
	8.20

	T7 - 75% RDN + NU spray @6 ml/l (30 and 50 DAS)
	26.61
	11.36
	6.95

	T8 - 50% RDN + NU spray @6 ml/l (30 and 50 DAS)
	26.80
	11.84
	6.30

	T9 - 75% RDN + 2% urea spray (30
and 50 DAS)
	24.77
	12.38
	8.98

	T10 - 50% RDN + 2% urea spray (30
and 50 DAS)
	26.46
	11.96
	7.53

	S.Em(±)
	0.28
	0.16
	0.34

	CD (0.05)
	0.84
	0.47
	1.01



4. Conclusion
It can be concluded that the application of 75% RDN + NU spray @4 ml/l (30 and 50 DAS) (T5) followed by 75% RDN + NU spray @2 ml/l (30 and 50 DAS) (T3) and RDN 40 kg/ha (T2) significantly influenced the crude fibre, crude protein and crude protein yield of single cut fodder oat.
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