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ABSTRACT 

 
This study aimed to evaluate the efficacy of Nano nitrogen on various growth parameters of 

oats leads to growth and yield, including plant height, plant population, number of leaves, leaf length, 

leaf width, and the total number of tillers per plant. During the study, growth parameters were 

recorded at 30 days after sowing and after the I and II cuts. Results revealed that 30 days after 

seeding, applying 100% recommended dose of nitrogen (RDN) through Urea and 75% RDN with 

25% nitrogen through Nano-N resulted in significantly greater plant heights as compared to the rest of 

the treatment combinations. Similarly, these treatments also had significantly higher plant heights 

during the I and II cuts. The number of leaves significantly increased with the application of nitrogen 

through all sources, either individually or in combination, highest number of leaves was observed 

when 100% RDN was applied through Urea or when 75% RDN was applied combined with 25% 

nitrogen through Nano-N. The leaf length and width of the oats were also significantly improved by 

nitrogen management practices, with the maximum leaf length observed when 100% RDN was 

applied through Urea or when 75% RDN was applied combined with 25% nitrogen through Nano-N. 

Similarly, the highest leaf width was observed with the application of 100% RDN through Urea at all 

stages, while 75% RDN + 25% Nano-N was comparable to 100% RDN through Urea. The number of 

tillers per plant was significantly affected by different nitrogen management practices at 30 days after 

sowing and after the I and II harvests, highest number of tillers per plant was observed through the 

application of 100% RDN through Urea. Overall, the results show that the use of Nano nitrogen can 

significantly improve the growth attributing characteristics as well as yield attributes and yield of oats, 

particularly when combined with traditional nitrogen sources. These findings are consistent with 

previous research in this area. 
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INTRODUCTION 

 India agricultural sector spans 157.35 million hectares of land, supporting about 

14.3% of the world's cattle and 17.7% of the global human population [11]. Livestock 

farming is an essential component of the country's agriculture, with approximately 536 

million animals [8]. Although India is the world's largest milk producer, the productivity of 

its cattle remains below the global average, with feed and fodder management contributing to 

about 70% of the gains. A shortfall of green fodder, dry crop residue, and concentrate feed, 



 

 

continues to be a major challenge for the livestock sector in India [19]. Therefore, it is critical 

to increasing fodder production to meet the growing demand for animal feed. 

Among various fodder crops, oats (Avena sativa L.) is an important rabi season 

fodder crop that can be grown under different climatic conditions in the north, central, and 

western regions of India, providing succulent and nutritious fodder to animals during the 

winter [15]. Oats have a high nutritional value, with an average of 10-11.5% crude protein, 

55-63% neutral detergent fiber, 30-32% acid detergent fiber, 22-23.5% cellulose, and 17-20% 

hemicelluloses [14]. 

Proper nitrogen management in agriculture is crucial for increasing crop yields and 

productivity. With the increasing demand for food production and the need to feed a growing 

global population, there is a pressing need to develop more sustainable and efficient 

agricultural practices. One promising area of research is the use of nano-fertilizers to improve 

nitrogen efficiency and enhance the quality of fodder crops. Studies have shown that 

traditional urea fertilizers have low nitrogen efficiency, with a significant amount of nitrogen 

lost through leaching and volatilization, leading to a higher cost of production and reduced 

crop yields. In contrast, nano-fertilizers have been shown to offer a more targeted and 

efficient release of nutrients, leading to improved nitrogen use efficiency and better crop 

yields [17]. The use of nano-fertilizers in agriculture has gained considerable attention due to 

their potential benefits. These nano-scale particles and emulsions allow for the controlled 

release of nutrients over an extended period, resulting in improved nutrient use efficiency, 

reduced nutrient losses, and a more sustainable approach to fertilization [21]; [18]. However, 

despite their potential benefits, research on the use of nano-fertilizers in fodder crops is still 

limited. There is a need for further studies to determine the optimal combination and source 

of nitrogen fertilizer for enhancing the quality of fodder crops such as oats. 

In conclusion, the use of nano-fertilizers in agriculture has the potential to 

revolutionize nitrogen management and improve crop productivity. More research is needed 

to explore the benefits and drawbacks of these novel fertilizers, particularly in the context of 

fodder crop production, to develop more sustainable and efficient agricultural practices. 

MATERIALS AND METHODS 

The present study was conducted during spring season of 2020 at the research farm of 

the Agronomy section, ICAR-National Dairy Research Institute, Karnal, Haryana located at 

29º45' North latitude and 76º58' East longitude with an altitude of 245 m above sea level. The 

climate of the region is semi-arid with a mean annual rainfall of 707mm, with 70-80% of 



 

 

rainfall received during the months of July-September and the rest during winter and spring. 

The relative humidity was recorded at 41.4% and 100% in the 3
rd 

and 43
rd

 standard week, 

respectively. The highest maximum temperature of 34.5°C was recorded in the 40th and 41st 

standard weeks, while the lowest minimum temperature of 5.9°C was recorded in the 2nd 

standard week. The soil properties of the experimental site were classified as clay loam with a 

pH of 7.70, the electrical conductivity of 0.25dS/m, organic carbon of 0.67%, and available 

nitrogen, phosphorus, and potassium of 172.60, 25.70, and 185.40 kg/ha, respectively. 

The experiment was laid out in a randomized block design with six treatments and 

four replications. The treatments included an absolute control, 100% recommended dose of 

nitrogen (RDN) through urea, 75% (RDN) through urea + 25% RDN through Nano-N, 50% 

(RDN) through urea + 50% RDN through Nano-N and 25% (RDN) through urea + 75 % 

RDN through Nano-N, and 100% RDN through Nano-N. The land preparation involved one 

deep plowing with a disc plow followed by one disc harrow and planking. The recommended 

dose of nitrogen (120 kg/ha) was applied through traditional and nano urea, with 1/3rd dose 

of nitrogen (Urea) and full doses of P2O5 (40 kg/ha) and K2O (40 kg/ha) applied to the soil at 

the time of sowing. The remaining dose of nitrogen (Urea and Nano-N) was applied in two 

split doses at 30 DAS (Urea as top dressing and Nano-N as a foliar spray) and after the first 

cutting (Urea and Nano-N in soil) as per treatment. The remaining package of practices was 

followed as per the standard procedure for oats cultivation, with oats cv. Kent sowed using 

100 kg seed per hectare and maintaining a spacing of 25 cm from row to row and 10 cm from 

plant to plant. 

Five plants were randomly selected and tagged from the net plot area, with 

observations on growth parameters recorded on those tagged plants at 30 DAS, at the I cut, 

and at the II cut. The average height and the total number of tillers of the five tagged plants 

were worked out to get the mean at 30 DAS, at I
 
cut and at II cut. The number of leaves per 

plant was recorded by counting the fully opened leaves of the same five tagged plants and the 

average was worked out at both stages of observation. The length and width of ten leaves 

randomly selected were measured from the same five tagged plants, and the average values 

were worked out. The first cutting was taken at 60 DAS (50% flowering stage) from 8-10 cm 

above the ground level, and the second cutting was taken 45 days after the first cutting. All 

data recorded were analyzed with the help of analysis of variance [12] at 5% level of 

significance (P<0.05). 

 

RESULTS AND DISCUSSION 



 

 

To assess the efficacy of Nano nitrogen, various growth parameters of oats such as 

plant height, plant population, number of leaves, leaf length, leaf width, and the total number 

of tillers per plant were meticulously recorded 30 days after sowing and after the first and 

second harvests. Plant height is an important parameter for assessing crop growth and 

development and it can be influenced by improved agronomic practices in addition to 

genetics. The study on the effect of nitrogen management practices on plant height (Table 1 

and Fig. 1) of oats showed that at 30 days after seeding (DAS), applying 100% recommended 

dose of nitrogen (RDN) through Urea and 75% RDN with 25% nitrogen through Nano-N 

resulted into significantly higher plant heights as compared to rest of the treatments. 

Similarly, at the first and second cut, these treatments had significantly greater plant heights 

than other nitrogen management treatments. The increase in plant height can be attributed due 

to the higher availability of nitrogen during photosynthetic activities, as well as the supply of 

nitrogen through soil and foliar applications during the vegetative and reproductive stages. 

The results of this study are consistent with previous research by [10];[5];[3];[4];[2];[13]; and 

[22]. 

The number of leaves of oats significantly increased with the application of nitrogen 

through all sources, either individually or in combination (Table 1). At 30 DAS, the 

application of 100% RDN through Urea and 75% RDN with 25% nitrogen through Nano-N 

resulted in significantly more leaves, as did these treatments at the first and second cuts. The 

increase in the number of leaves may be due to the abundant supply of nitrogen through 

various nitrogen management practices, which could have increased protoplasmic 

constituents and accelerated cell division and elongation processes. 

The length and width of oat leaves were significantly impacted by nitrogen 

management practices. Applying nitrogen through Urea, Nano-N, or their combinations 

resulted in improved leaf length and width compared to the control at all stages. The highest 

leaf length was observed when 100% RDN was applied through Urea or when 75% RDN was 

combined with 25% nitrogen through Nano-N at 30 DAS. Similarly, the highest leaf width 

was observed with the application of 100% RDN through Urea at all stages, while 75% RDN 

+ 25% nano-Nitrogen was comparable to 100% RDN through Urea. These findings are 

consistent with previous research by [10]; [7]; [5]; [2] and [22]. 

The plant population of oats was not affected significantly by any of the nitrogen 

management strategies, although slightly higher numbers of plants were counted with 100% 

RDN through Urea and 75% RDN with 25% nitrogen through Nano-N compared to other 

treatments (Table 1).  



 

 

Data on the number of tillers per plant are presented in Table 2 and revealed that the 

number of tillers per plant was significantly affected by different nitrogen (N) management 

practices at 30 days after sowing (DAS), I cut and II cuts. At 30 DAS the application of 100% 

recommended dose of nitrogen (RDN) through Urea (3.68), 75% RDN + 25% N through 

Nano-N (3.58) and 50% RDN + 50% N through Nano-N (3.45) showed statistical equal 

numbers of tillers per plant and were observed to be higher than the rest of the treatments. At 

I cut, 100% RDN through Urea (9.25) and 75% RDN + 25% N through Nano-N (9.22) had 

significantly more tillers than the remaining treatments. Further results revealed that at this 

stage, 50% RDN + 50% N through Nano-N (8.18) and 25% RDN + 75% N through Nano-N 

(7.78) remained at par with 100% RDN through Nano-N (7.55) and were noted to be 

markedly higher than the control. At II cut, the maximum number of tillers was counted in 

the 100% RDN through Urea treatment (8.60).  

At this stage, increments were noticed by 1.38, 1.34, 1.29, 1.21, and 1.14 in folds due 

to the application of 100% RDN through Urea, 75% RDN + 25% N through Nano-N, 50% 

RDN + 50% N through Nano-N, 25% RDN + 75% N through Nano-N, and 100% RDN 

through Nano-N, respectively. The supply of sufficient N promotes higher nutrient 

absorption, quicker leaf development, increased plant height via cell division and expansion, 

improved photosynthetic rate, and ultimately improved plant growth traits such as the number 

of tillers under different N application practices. These results are consistent with previous 

research by [7]; [5]; [2]; [23] and [13] as well as the previous reference to [22]. 

A critical analysis of the data shows that both nitrogen sources significantly enhanced 

the green fodder yield (GFY) of oats compared to the control, at the first as well as the 

second cut, and in total (Table 2 and Fig. 2). At the first and second cut, the application of 

100% recommended dose of nitrogen (RDN) through urea (32.81 t/ha and 24.44 t/ha) and 

75% RDN + 25% nitrogen through nano-N (32.05 t/ha and 23.65 t/ha) resulted in 

significantly higher GFY compared to other nitrogen management practices. Similarly, the 

application of 100% RDN through urea (57.25 t/ha) and 75% RDN + 25% nitrogen through 

nano-N (55.71 t/ha) resulted in significantly superior total GFY compared to other nitrogen 

management strategies and were at par with each other.  

The enhancement in GFY ranged from 13.1% to 38.3% at the first cut, 13.6% to 

40.4% at the second cut, and 25.1% to 38.3% in total GFY, by the application of 100% RDN 

through urea, 75% RDN + 25% nitrogen through nano-N, 50% RDN + 50% nitrogen through 

nano-N, 25% RDN + 75% nitrogen through nano-N, and 100% RDN through nano-N, 



 

 

respectively, over the control. These increased yields through nitrogen applications were 

attributed to favorable impacts on cell elongation and differentiation, production of 

nucleotides and co-enzymes, enhanced operation of meristematic tissues, and photosynthetic 

area. The combination of these factors also contributed to the increase in green fodder yield. 

These results are consistent with previous studies [1]; [9] and [6]. 

Conclusion 

The results of the current experiment suggested that the most effective nitrogen 

management practices for achieving high-quality fodder oats, which in turn provides 

maximum energy to support sustainable livestock production are the application of 100% 

RDN through urea or 75% RDN in combination with 25% nitrogen through Nano-N. These 

nitrogen management practices have been found to improve the yield and quality of fodder 

oats, resulting in increased energy for animals, which is essential for sustainable livestock 

production. The use of urea has been shown to increase the number of tillers per plant the 

length and width of the leaves and ultimately the yield of fodder oats. Similarly, the 

application of Nano-N in combination with RDN has also shown significant improvements in 

the number of tillers per plant as well as the length and width of the leaves. Overall, the 

current experiment suggests that the proper application of nitrogen management practices is 

essential for the successful cultivation of high-quality fodder oats. By using either 100% 

RDN through urea or 75% RDN in combination with 25% nitrogen through Nano-N, farmers 

can produce high-quality fodder oats that provide maximum energy to support sustainable 

livestock production. 



 

 

Table 1: Effect of different nitrogen treatments on plant height, total number of leaves plant, leaf length and plant population of oats 

  

Treatments Plant height (cm) Total number of leaves plant
-1

 Leaf length (cm) Plant population m
-2

 

30 DAS I Cut II Cut 30 DAS I Cut II Cut I Cut II Cut Total 

Absolute control 44.70 108.1 83.5 11.88 56.10 44.70 31.13 45.05 37.35 94.94 

100% RDN through Urea 57.93 148.8 120.1 14.48 77.70 61.73 37.60 58.80 51.08 98.83 

75% RDN + 25% N through Nano-N 56.85 146.1 115.4 14.20 76.25 61.15 37.50 57.80 49.95 98.58 

50% RDN + 50% N through Nano-N 52.45 134.2 111.0 13.40 70.20 58.30 36.85 54.40 47.15 97.95 

25% RDN + 75% N through Nano-N 50.25 125.7 100.3 12.95 65.30 53.45 35.70 51.65 44.44 97.33 

100% RDN through Nano-N 49.33 124.5 98.4 12.75 64.65 52.80 35.40 50.52 42.50 96.73 

SEm± 0.72 2.9 2.8 0.24 1.23 0.56 0.50 0.90 0.54 1.19 

CD (P=0.05) 2.16 8.7 8.4 0.72 3.71 1.68 1.51 2.72 1.64 NS 



 

 

Table 2: Effect of different nitrogen treatments on leaf width, total number of tillers plant
-1

 and green fodder yield of oats 

Treatments Leaf width (cm) Total number of tillers plant
-1

 Green fodder yield (t ha
-1

) 

30 DAS I Cut II Cut 30 DAS I Cut II Cut I Cut II Cut Total 

Absolute control 0.98 1.62 1.54 2.98 6.85 6.23 23.99 17.41 41.40 

100% RDN through Urea 1.15 2.08 1.95 3.63 9.25 8.60 32.81 24.44 57.25 

75% RDN + 25% N through Nano-N 1.14 2.03 1.91 3.58 9.22 8.35 32.05 23.65 55.71 

50% RDN + 50% N through Nano-N 1.13 1.91 1.83 3.45 8.18 8.03 29.06 22.74 51.80 

25% RDN + 75% N through Nano-N 1.10 1.85 1.77 3.25 7.78 7.55 27.78 20.56 48.35 

100% RDN through Nano-N 1.10 1.81 1.74 3.20 7.55 7.13 27.13 19.78 46.91 

SEm± 0.03 0.04 0.03 0.14 0.30 0.16 0.46 0.59 0.87 

CD (P=0.05) 0.09 0.13 0.09 0.43 0.91 0.49 1.39 1.78 2.63 

 

 

 

 

 

 

 

 

 



 

 

 

Fig. 1: Effect of different nitrogen treatments on plant height of oats 

 

 

Fig. 2: Effect of different nitrogen treatments on green fodder yield of oats
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