Impact of nano urea on quality, plant and soil nutrients status of pearl millet [Pennisetum glaucum (L.) R. Br.] under real time nitrogen management


[bookmark: _GoBack]	ABSTRACT : A field experiment was conducted during the summer seasons of 2022 and 2023 at the Pearl Millet Research Station, Junagadh Agricultural University, Jamnagar, Gujarat, India, to study the impact of nano urea on the quality, plant, and soil nutrient status of pearl millet under real-time nitrogen management. The experiment was laid out in a randomized block design with 10 treatment combinations and three replications on medium black calcareous soil. The results revealed that the treatment comprising 40 kg N/ha as basal + 40 kg N/ha through urea at 25–30 DAS + two foliar sprays of nano urea (0.4%) when LCC ≤ 4 significantly improved nitrogen and phosphorus content in grain and fodder, nitrogen, phosphorus and potassium uptake by grain and fodder and available nitrogen in soil after harvesting of pearl millet compared to other treatments.
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INTRODUCTION
Pearl millet outperforms other cereals due to its unique characteristics. As a C₄ plant, it exhibits high photosynthetic efficiency and exceptional dry matter production. It thrives under some of the most adverse agro-climatic conditions where other cereals such as sorghum and maize often fail to yield economically. Pearl millet plays a crucial role in food and nutritional security, offering several advantages: it is early maturing, highly drought-tolerant, requires minimal external inputs, and is largely resistant to both biotic and abiotic stresses.
People with lifestyle disorders including diabetes, obesity and others can benefit from pearl millet's unique health benefits. Nutritional value of pearl millet is better in comparison to wheat, rice, maize and sorghum. Pearl millet grain contains 9-15 per cent protein, 5-6 per cent carbohydrates and 1-2 per cent minerals and high densities of iron, zinc and more balanced amino acid profile and also rich in vitamins, thiamine and riboflavin content than maize and sorghum (Chaudhari et al., 2018). In Gujarat, pearl millet is an important food crop as it is second rank in terms of area after wheat and third rank in terms of production after wheat and rice. It is cultivated by farmers of Gujarat mainly in three different seasons viz., kharif, pre-rabi and summer. The area of summer cultivation is increasing gradually due to short period of time window available to farmer after rabi crops, acute demand of fodder and suitable climatic situation in the state. The productivity of summer pearl millet is relatively higher than kharif season due to assured irrigation and hot climate. Therefore, summer pearl millet harvested more nutrients from the sources.
Pearl millet requires higher fertilizer dose. Insufficient nutrient availability to plants results in low yields and significantly reduced profits compared to a properly fertilized crop. Nitrogen is the most limiting nutrient in almost all the soils. Ensuring optimum nutrient availability through effective nitrogen management practices requires knowledge of the interactions between the soil, plant and environment which enhances the nutrient uptake. On the other hand, nitrogen use efficiency for cereal production is approximately 21%. The main reason for low nitrogen use efficiency is an inefficient splitting of nitrogen doses coupled with nitrogen applications more than crop requirements. When we go for broad-based blanket recommendations of fertilizer nitrogen in field may end up with lower nutrient use efficiency because of large field-to field variability of soil nitrogen. So, keeping in view the significance of nitrogen on productivity, crop need based nitrogen fertilizer application through the decision support tool like LCC will reduced the nitrogen losses, cost of fertilizer and application cost. 
Urea forms 82 % of the nitrogenous fertilizers applied to crops. Globally, 188 million MT of urea is applied to crops every year. NPK ratio is skewed and distorted due to over use of fertilizers. Low use efficiency of urea (30-40%) compromises health of soil, air and water. Excess use of urea causes environmental issues and results in susceptibility of crops to insects-pests, diseases and crop lodging. Nano-fertilizers are known to release nutrients slowly and steadily for more than 30 days which may assist in improving the nutrient use efficiency without any associated ill-effects. Nano Urea Liquid is an environmentally friendly, smart fertilizer with high nutrient use efficiency and a sustainable solution for curtailing pollution and reduction in global warming in the long run as it reduces the emissions of nitrous oxide and doesn’t contaminate soil, air  and water bodies. It is cheaper than conventional urea. Nano fertilizers are thus establishing itself as an innovative way to nutrient conservation. Nano urea therefore, stands as a promising, sustainable and environment friendly solution to conventional bulk nitrogenous fertilizers like urea. The purpose of this study is to develop real time nitrogen management technologies and to improve grower’s knowledge for effective nitrogen management. The overall goal is to improve nitrogen use efficiency and increase crop productivity in a sustained manner.       

MATERIALS AND METHODS
A field experiment was conducted at the Pearl Millet Research Station, Junagadh Agricultural University, Jamnagar, Gujarat was carried out for two consecutive years during the summer seasons of 2022 and 2023 to study the “Impact of nano urea on the quality, plant, and soil nutrient status of pearl millet under real-time nitrogen management”. The soil of the experimental plot was clayey in texture (in both the years), low in organic carbon (0.39 and 0.43 %), slightly alkaline in reaction with pH (8.40 and 8.35) and EC (0.37 and 0.43 dS/m) in 2022 and 2023, respectively. The soil was medium in available nitrogen (261 and 268 kg/ha), medium in available phosphorus (35.4 and 38.7 kg/ha) and higher in available potash (310 and 316 kg/ha) in 2022 and 2023, respectively.
           The experiment was laid out with 10 treatment combinations comprising in a randomized block design with three replications viz., 40 kg N/ha as basal + 40 kg N/ha through  urea at 25-30 DAS + 40 kg N/ha through urea at 40-45 DAS (T1), 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + two foliar sprays of nano urea 0.4% when LCC ≤ 4 (T2), 40 kg N/ha as basal + 30 kg N/ha through urea at 25-30 DAS + three foliar sprays of nano urea 0.4% when LCC ≤ 4 (T3), 40 kg N/ha as basal + 20 kg N/ha through urea at 25-30 DAS + four foliar sprays of nano urea 0.4% when LCC ≤ 4 (T4), 40 kg N/ha as basal + 20 kg N/ha through urea at 25-30 DAS + three foliar sprays of nano urea 0.4% when LCC ≤ 4 (T5), 40 kg N/ha as basal + 10 kg N/ha through urea at 25-30 DAS + four foliar sprays of nano urea 0.4% when LCC ≤ 4 (T6), 40 kg N/ha as basal + 10 kg N/ha through urea at 25-30 DAS + three foliar sprays of nano urea 0.4% when LCC ≤ 4 (T7), 40 kg N/ha as basal + four foliar sprays of nano urea 0.4% when LCC ≤ 4 (T8), 40 kg N/ha as basal + three foliar sprays of nano urea 0.4% when LCC ≤ 4 (T9) and control (T10). Quantity of soil applied fertilizer and foliar application of nano urea for each plot as per treatments. Soil applied nitrogen was applied in three equal split i.e. basal, 25-30 DAS and at 40-45 DAS from DAP, Urea fertilizers and foliar spray of nano urea as per treatment. 
	The six panels LCC used in the experiment were acquired from Nitrogen Parameters, Chennai. The Nitrogen Parameters, Chennai is the manufacturer and supplier of LCC as per IRRI specifications and prototype (http://nitrogenparameters. com/irri.html). The methodology used for taking LCC readings is as under:
1) Starting from 15 DAS, LCC readings was taken from randomly selected 5 plants in each plot.
2) Observations were taken from the upper fully expanded and healthy leaf of each 5 tagged plant.
3) Plants by matching colour shade of LCC and average score was worked out.
4) Readings was taken by placing the middle part of the leaf on top of the LCC’s colour strips for comparison.
5) Leaf was not be detached.
6) Readings was taken at same time of the day (8-10 AM). 
7) The LCC was not exposed to direct sunlight during readings.
8) The same person was taken first up to the last LCC readings. 
If average reading below the critical LCC value, N was given as per treatments. LCC readings were repeated after 7 days and same 5 tagged plants were observed.

RESULTS AND DISCUSSION
Protein content 
	Among the various real time nitrogen management treatments (Table 1) application of 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + two foliar sprays of nano urea 0.4% when LCC ≤ 4 (T2) recorded significantly higher protein content in pearl millet and it was followed by 40 kg N/ha as basal + 30 kg N/ha through urea at 25-30 DAS + three foliar sprays of nano urea 0.4% when LCC ≤ 4 (T3), 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + 40 kg N/ha through urea at 40-45 DAS (T1) and 40 kg N/ha as basal + 20 kg N/ha through urea at 25-30 DAS + four foliar sprays of nano urea 0.4% when LCC ≤ 4 (T4). 
	This may be due to real time nitrogen management application of nano urea their large surface area and smaller particle size this facilitates easy penetration of the applied nano urea into various plant parts, this enhancing uptake and results in higher nitrogen content and uptake by the plant, which raises this protein content. Similar results were also reported by Manikandan and Subramanian (2016), Barkha Rani et al. (2019), Tarafder et al. (2019), Maurya et al. (2022) and Patel et al. (2024) were in supporting the present investigation. 
Nutrient content in grain and fodder  
The data present in Table 2 to 3 observed significantly higher nitrogen and phosphorus content in grain and fodder in pearl millet observed with application of 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + two foliar sprays of nano urea 0.4% when LCC ≤ 4 (T2)  which was statistically at par with 40 kg N/ha as basal + 30 kg N/ha through urea at 25-30 DAS + three foliar sprays of nano urea 0.4% when LCC ≤ 4 (T3) and 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + 40 kg N/ha through urea at 40-45 DAS (T1). While, in potassium content in grain and fodder in pearl millet remained unaffected by various treatments. 	
The positive influence of LCC based foliar application of nano urea and nitrogen from soil on nutrient content in pearl millet appears to be due to improved nutritional level both in the root zone and plant system. The increased availability of nitrogen in root zone coupled with increased metabolic activity at cellular level might have increased nutrients uptake and their accumulation in vegetative plant parts. Increased accumulation of nutrients in vegetative plant parts with improved metabolism led to greater translocation of nutrients to reproductive organs of the crop and ultimately increased the nutrient contents in grain and straw. These results was in accordance with the findings of Barad et al. (2018), Lahari et al. (2021), Kannoj et al. (2022), Sahu et al. (2022a) and Sharma et al. (2022).   
Nutrient uptake in grain and fodder  
The results (Table 4 to 5) revealed that application of 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + two foliar sprays of nano urea 0.4% when LCC ≤ 4 (T2) recorded significantly higher nitrogen, phosphorus and potassium uptake by grain and fodder in pearl millet. These results were statistically at par with 40 kg N/ha as basal + 30 kg N/ha through urea at 25-30 DAS + three foliar sprays of nano urea 0.4% when LCC ≤ 4 (T3) and 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + 40 kg N/ha through urea at 40-45 DAS (T1).  
The nano fertilizers have a large surface area and particle size that are smaller than the pore size of the plant roots and leaves. This can increase penetration into the plant from the applied surface and improve the fertilizers uptake and nutrient utilization efficiency. The reduction of particle size increases the specific surface area and number of particles per unit area of a fertilizer by giving LCC based nano urea   more opportunities to come into contact with the nutrient. This increases nutrient penetration and uptake resulting in a high nutrients uptake. These results was supported the findings of  Tarafder et al. (2019), Maurya et al. (2022), Sharma et al. (2022), Sahu et al. (2022b) and Parve et al. (2023).  
Available nutrient status in soil
The data (Table 6) indicated that significantly higher available nitrogen in soil after harvesting of pearl millet was recorded with application of 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + 40 kg N/ha through urea at 40-45 DAS (T1) and it was remained at par with treatment 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + two foliar sprays of nano urea 0.4% when LCC ≤ 4 (T2). While, in case available phosphorus and available potassium status in soil after harvest remained unaffected by various treatments.   
Higher available nitrogen in soil after harvesting was noticed in recommended dose of fertilizers due to higher amount of fertilizers were applied in treatment could be ascribed to adequate and timely supply of nutrients to meet the crop demand. The results are in accordance with the findings of Barad et al. (2018), Sahu et al. (2022a) and Soundarya et al. (2024). 
CONCLUSION 
	On the basis of two years field experimental results it can be concluded that the application of 40 kg N/ha as basal + 40 kg N/ha through urea at 25-30 DAS + two foliar sprays of nano urea 0.4% when LCC ≤ 4 significantly increased protein content, nitrogen and phosphorus content in grain and fodder, nitrogen, phosphorus and potassium uptake by grain and fodder and available nitrogen in soil after harvesting in pearl millet. 

Table 1 : Effect of real time nitrogen management on protein content of pearl millet 
	Treatments
	Protein content (%)

	
	2022
	2023
	Pooled

	T1 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS + 40 kg N/ha through Urea at 40-45 DAS
	10.09
	10.14
	10.12

	T2 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS +  Two foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	10.29
	10.35
	10.32

	T3 : 40 kg N/ha as basal + 30 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	10.19
	10.27
	10.23

	T4 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS +Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	9.84
	9.89
	9.87

	T5 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	9.64
	9.71
	9.68

	T6 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS + Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	9.40
	9.44
	9.42

	T7 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	9.39
	9.41
	9.40

	T8 : 40 kg N/ha as basal + Four foliar sprays of Nano Urea 0.4%    when LCC ≤ 4
	9.31
	9.37
	9.34

	T9 : 40 kg N/ha as basal + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	9.30
	9.35
	9.33

	T10  : Control (without N application)
	8.15
	8.20
	8.18

	SEm±
	0.29
	0.28
	0.20

	C.D. at 5%
	0.87
	0.84
	0.59

	C.V. %
	5.33
	5.11
	5.22

	Y × T

	SEm±
	0.29

	C.D. at 5% 
	NS
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Table 2 : Effect of real time nitrogen management on nitrogen, phosphorus and potassium contents in grain of pearl millet 
	Treatments
	Nitrogen content
in grain (%)
	Phosphorus content
in grain (%)
	Potassium content
in grain (%)

	
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS + 40 kg N/ha through Urea at 40-45 DAS
	1.615
	1.622
	1.618
	0.324
	0.332
	0.328
	0.536
	0.540
	0.538

	T2 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS +  Two foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	1.646
	1.655
	1.650
	0.338
	0.346
	0.342
	0.547
	0.551
	0.549

	T3 : 40 kg N/ha as basal + 30 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	1.631
	1.644
	1.637
	0.330
	0.337
	0.333
	0.541
	0.545
	0.543

	T4 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS +Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	1.575
	1.583
	1.579
	0.318
	0.324
	0.321
	0.533
	0.536
	0.534

	T5 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	1.543
	1.554
	1.548
	0.310
	0.317
	0.313
	0.524
	0.527
	0.525

	T6 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS + Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	1.504
	1.510
	1.507
	0.302
	0.308
	0.305
	0.524
	0.525
	0.524

	T7 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	1.502
	1.506
	1.504
	0.295
	0.300
	0.297
	0.519
	0.522
	0.520

	T8 : 40 kg N/ha as basal + Four foliar sprays of Nano Urea 0.4%    when LCC ≤ 4
	1.490
	1.499
	1.494
	0.289
	0.293
	0.291
	0.517
	0.520
	0.518

	T9 : 40 kg N/ha as basal + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	1.489
	1.496
	1.492
	0.280
	0.285
	0.282
	0.511
	0.515
	0.513

	T10  : Control (without N application)
	1.305
	1.313
	1.309
	0.268
	0.273
	0.270
	0.505
	0.507
	0.506

	SEm±
	0.047
	0.045
	0.033
	0.012
	0.011
	0.008
	0.02
	0.01
	0.01

	C.D. at 5%
	0.140
	0.135
	0.094
	0.035
	0.031
	0.022
	NS
	NS
	NS

	C.V. %
	5.33
	5.11
	5.22
	6.55
	5.86
	6.21
	4.97
	4.39
	4.69

	Y × T

	SEm±
	0.046
	0.011 
	0.014

	C.D. at 5% 
	NS
	NS 
	NS





Table 3 : Effect of real time nitrogen management on nitrogen, phosphorus and potassium contents in fodder of pearl millet
	Treatments
	Nitrogen content
in fodder (%)
	Phosphorus content
in fodder (%)
	Potassium content
in fodder (%)

	
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS + 40 kg N/ha through Urea at 40-45 DAS
	0.693
	0.705
	0.699
	0.163
	0.170
	0.167
	0.763
	0.767
	0.765

	T2 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS +  Two foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	0.726
	0.735
	0.730
	0.174
	0.182
	0.178
	0.776
	0.786
	0.781

	T3 : 40 kg N/ha as basal + 30 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	0.704
	0.718
	0.711
	0.166
	0.176
	0.171
	0.769
	0.776
	0.772

	T4 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS +Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	0.676
	0.682
	0.679
	0.160
	0.167
	0.163
	0.755
	0.763
	0.759

	T5 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	0.673
	0.677
	0.675
	0.157
	0.163
	0.160
	0.745
	0.754
	0.749

	T6 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS + Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	0.665
	0.672
	0.669
	0.155
	0.161
	0.158
	0.740
	0.744
	0.742

	T7 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	0.662
	0.669
	0.666
	0.153
	0.158
	0.155
	0.735
	0.738
	0.736

	T8 : 40 kg N/ha as basal + Four foliar sprays of Nano Urea 0.4%    when LCC ≤ 4
	0.647
	0.656
	0.652
	0.150
	0.155
	0.153
	0.730
	0.735
	0.733

	T9 : 40 kg N/ha as basal + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	0.645
	0.650
	0.648
	0.147
	0.151
	0.149
	0.725
	0.730
	0.727

	T10  : Control (without N application)
	0.566
	0.573
	0.570
	0.144
	0.148
	0.146
	0.712
	0.717
	0.714

	SEm±
	0.020
	0.020
	0.014
	0.005
	0.006
	0.004
	0.020
	0.021
	0.015

	C.D. at 5%
	0.058
	0.060
	0.040
	0.016
	0.018
	0.011
	NS
	NS
	NS

	C.V. %
	5.07
	5.22
	5.15
	5.71
	6.38
	6.06
	4.68
	4.91
	4.80

	Y × T
	
	

	SEm±
	0.020
	0.06 
	0.021 

	C.D. at 5% 
	NS
	NS
	NS






Table 4 : Effect of real time nitrogen management on nitrogen, phosphorus and potassium uptakes in grain of pearl millet
	Treatments
	Nitrogen uptake
in grain (%)
	Phosphorus uptake
in grain (%)
	Potassium uptake
in grain (%)

	
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS + 40 kg N/ha through Urea at 40-45 DAS
	68.13
	70.47
	69.30
	13.78
	14.49
	14.14
	22.86
	23.57
	23.21

	T2 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS +  Two foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	76.69
	78.03
	77.36
	15.80
	16.35
	16.07
	25.54
	26.21
	25.87

	T3 : 40 kg N/ha as basal + 30 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	70.85
	73.49
	72.17
	14.39
	15.14
	14.77
	23.59
	24.55
	24.07

	T4 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS +Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	61.66
	63.12
	62.39
	12.41
	13.01
	12.71
	20.89
	21.48
	21.19

	T5 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	59.65
	61.17
	60.41
	11.99
	12.45
	12.22
	20.25
	20.77
	20.51

	T6 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS + Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	58.38
	59.17
	58.78
	11.73
	12.09
	11.91
	20.29
	20.48
	20.38

	T7 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	56.37
	57.47
	56.92
	11.09
	11.38
	11.24
	19.45
	19.99
	19.72

	T8 : 40 kg N/ha as basal + Four foliar sprays of Nano Urea 0.4%    when LCC ≤ 4
	54.70
	56.06
	55.38
	10.66
	10.96
	10.81
	18.96
	19.46
	19.21

	T9 : 40 kg N/ha as basal + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	52.35
	53.74
	53.04
	9.80
	10.22
	10.01
	17.95
	18.53
	18.24

	T10  : Control (without N application)
	44.03
	45.00
	44.51
	9.00
	9.36
	9.18
	17.06
	17.38
	17.22

	SEm±
	3.90
	4.14
	2.84
	0.78
	0.84
	0.57
	1.25
	1.59
	1.01

	C.D. at 5%
	11.57
	12.31
	8.16
	2.32
	2.48
	1.64
	3.72
	4.72
	2.91

	C.V. %
	11.19
	11.62
	11.41
	11.20
	11.54
	11.38
	10.49
	12.96
	11.83

	Y × T

	SEm±
	4.02
	0.81 
	1.43

	C.D. at 5% 
	NS
	NS 
	NS






Table 5 : Effect of real time nitrogen management on nitrogen, phosphorus and potassium uptakes in fodder of pearl millet
	Treatments
	Nitrogen content
in fodder (%)
	Phosphorus content
in fodder (%)
	Potassium content
in fodder (%)

	
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS + 40 kg N/ha through Urea at 40-45 DAS
	57.72
	59.51
	58.62
	13.62
	14.32
	13.97
	63.72
	64.98
	64.35

	T2 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS +  Two foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	62.35
	64.20
	63.28
	15.00
	15.95
	15.47
	66.84
	68.83
	67.83

	T3 : 40 kg N/ha as basal + 30 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	59.07
	61.16
	60.12
	13.95
	15.05
	14.50
	64.58
	66.19
	65.39

	T4 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS +Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	54.74
	55.58
	55.16
	13.01
	13.58
	13.30
	61.35
	62.46
	61.91

	T5 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	48.65
	51.80
	50.23
	11.38
	12.38
	11.88
	54.08
	57.52
	55.80

	T6 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS + Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	48.33
	50.91
	49.62
	11.26
	12.14
	11.70
	53.70
	56.35
	55.02

	T7 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	46.29
	49.24
	47.76
	10.71
	11.63
	11.17
	51.26
	54.35
	52.80

	T8 : 40 kg N/ha as basal + Four foliar sprays of Nano Urea 0.4%    when LCC ≤ 4
	44.06
	45.99
	45.03
	10.27
	10.93
	10.60
	49.92
	51.59
	50.75

	T9 : 40 kg N/ha as basal + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	42.14
	43.90
	43.02
	9.63
	10.21
	9.92
	47.52
	49.28
	48.40

	T10  : Control (without N application)
	35.54
	36.73
	36.14
	9.05
	9.49
	9.27
	44.48
	45.97
	45.23

	SEm±
	3.08
	2.69
	2.05
	0.92
	0.74
	0.59
	4.16
	3.71
	2.78

	C.D. at 5%
	9.16
	8.00
	5.88
	2.73
	2.20
	1.69
	12.35
	11.01
	7.99

	C.V. %
	10.71
	8.99
	9.85
	13.49
	10.19
	11.85
	12.92
	11.11
	12.02

	Y × T

	SEm±
	2.90 
	0.83
	3.94

	C.D. at 5% 
	NS
	NS
	NS






Table 6 : Effect of real time nitrogen management on available nitrogen, phosphorus and potassium in soil after harvesting of pearl millet
	Treatments
	Available nitrogen in soil
after harvesting (kg/ha)
	Available phosphorus in soil
after harvesting (kg/ha)
	Available potassium in soil
after harvesting (kg/ha)

	
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS + 40 kg N/ha through Urea at 40-45 DAS
	293.23
	305.45
	299.34
	39.56
	41.09
	40.32
	280.86
	281.34
	281.10

	T2 : 40 kg N/ha as basal + 40 kg N/ha through Urea at 25-30 DAS +  Two foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	274.93
	280.10
	277.52
	43.67
	44.09
	43.88
	291.29
	289.00
	290.15

	T3 : 40 kg N/ha as basal + 30 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	268.41
	272.21
	270.31
	40.33
	42.27
	41.30
	283.81
	283.96
	283.88

	T4 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS +Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	262.39
	267.78
	265.09
	36.86
	39.62
	38.24
	277.59
	279.21
	278.40

	T5 : 40 kg N/ha as basal + 20 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	260.85
	266.15
	263.50
	35.62
	38.18
	36.90
	271.31
	274.33
	272.82

	T6 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS + Four foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	257.58
	262.33
	259.96
	34.38
	37.50
	35.94
	269.07
	272.25
	270.66

	T7 : 40 kg N/ha as basal + 10 kg N/ha through Urea at 25-30 DAS  + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	250.74
	261.53
	256.14
	32.54
	36.22
	34.38
	263.59
	270.79
	267.19

	T8 : 40 kg N/ha as basal + Four foliar sprays of Nano Urea 0.4%    when LCC ≤ 4
	248.55
	254.48
	251.51
	30.88
	36.20
	33.54
	259.83
	267.11
	263.47

	T9 : 40 kg N/ha as basal + Three foliar sprays of Nano Urea 0.4% when LCC ≤ 4
	241.31
	249.99
	245.65
	29.37
	34.68
	32.03
	256.79
	264.31
	260.55

	T10  : Control (without N application)
	227.34
	232.64
	229.99
	26.50
	32.66
	29.58
	243.747
	253.83
	248.79

	SEm±
	10.06
	11.91
	7.80
	3.43
	5.24
	3.13
	10.43
	14.03
	8.74

	C.D. at 5%
	29.89
	35.39
	22.38
	NS
	NS
	NS
	NS
	NS
	NS

	C.V. %
	6.74
	7.78
	7.29
	17.00
	23.73
	20.96
	6.69
	8.88
	7.88

	Y × T

	SEm±
	12.25 
	4.43
	12.36

	C.D. at 5% 
	NS
	NS
	NS
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