
Effect of foliar application of nano and conventional urea on nitrogen uptake and use efficiency in ragi (Eleusine coracana)



Abstract
A field trial was carried out at Agricultural and Horticultural Research Station, Bavikere, Shivamogga, India, during Late Kharif 2022 to study the Effect of foliar application of nano and conventional urea on nitrogen uptake and use efficiency in ragi. The treatments consists of absolute control (T1), recommended dose of fertilizer (T2), 50 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T3), 75 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T4), 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T5), 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6), 50 per cent RDN + two sprays of 2 per cent urea fertilizer at 30 & 45 DAT (T7), 75 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T8), 75 per cent RDN + two sprays of 2 per cent urea fertilizer at 30 & 45 DAT (T9), 100 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T10), four sprays of 0.4 per cent nano urea fertilizer at 15, 30, 45 & 60 DAT (T11). The results showed that the application of 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT recorded higher total dry matter accumulation (46.75 g hill-1), absolute growth rate (0.64 g day-1), crop growth rate (21.39 g m-2 day-1), grain yield (3812 kg ha-1) and total nitrogen uptake (89.60 kg ha-1) as compared to other treatmnets and it  was statistically on par with the T10 and T5. The Treatment T5 recorded higher nitrogen use efficiency (48.41 %) compared to other treatments 
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Finger millet (Eleusine coracana) is an important small millet crop grown in India and has the pride of place in having highest productivity among millets. It is also known as ragi, African millet and Bird’s foot millet and an important staple food crop in part of eastern and central Africa and India. Finger millet is a resilient and nutritious crop that thrives in India. It is one of the most important staple food crops in various parts of central and eastern Africa and India especially in south Karnataka. It is characterized by its small, finger-like grains head. . It occupies an area of 1.21 m ha with a production of 1.70 m t and average productivity of 1396 kg ha-1 (Anon, 2022) in India. “It is a rich source of calcium (344 mg/100g), phosphorus (283 mg/100g) and iron (3.9 mg/100g) as compared to all other cereals and millets” (Gopalan et al., 2009) [6]. “It has distinguished health beneficial properties such as anti-diabetic, anti-diarrhea, anti-inflammatory, anti-microbial and antioxidant properties” (Shobana et al., 2013) [19].
“Nutrients are essential for maintaining and improving crop growth and development for any crop. When the nutrient application is not synchronized with crop demand, losses from the soil-plant system are large, leading to low fertilizer use efficiency. Among different nutrients, nitrogen is an integral part of chlorophyll and involved in the formation of proteins, nucleic acids, growth hormones and vitamins and An adequate supply of nitrogen is associated with vigorous vegetative growth and dark green colour” (Kantwa and Yadav, 2022) [8]. The soil applied nitrogen through urea fertilizers undergoes transformation processes such as biological nitrogen fixation, mineralization, immobilization, nitrification and volatilization. Because of these transformation processes, nitrogen management is extremely complicated, making it challenging to increase nitrogen use efficiency.
“Several technologies have been proposed in recent years to increase the nitrogen use efficiency by crops. Among these, nanotechnology is promising and opens up a wide range of potential in the field of agriculture” (Qureshi et al., 2018) [16]. “Nano fertilizers when used as foliar application have the ability to enter through the porous cell wall of plant cells due to their minute particle size (< 50 nm) allowing for higher absorption compared to conventional fertilizers” (Benzon et al., 2015) [3]. “Nano fertilizers are nanoparticles that employ nanotechnology to boost nutrients and increase their use efficiency” (Khalid et al., 2022) [10]. “Nano urea particles have large surface area and particle size, less than the pore size of root and leaves of the plant which can increase penetration into the plant from applied surface and improve uptake and nutrient use efficiency. Reduction of particle size results in increased specific surface area and number of particles per unit area of a fertilizer that provide more opportunity to contact of nano fertilizer which leads to more penetration and uptake of the nutrient and thus results in high nutrient use efficiency” (Mehta and Bharat, 2019) [14]. So far, several researchers have found the beneficial effect of nano urea on different crops, but the use of nano urea on finger millet is scarce. Hence, the present investigation is undertaken.

2. Materials and Methods 
Site description
A field experiment was conducted during late Kharif 2022 at Agricultural and Horticultural Research Station, Bavikere, Shivamogga, situated at longitude latitude of 75°51`E, 13°42`N & 695 m above the mean sea level. The investigation site had red sandy loam in texture, slightly acidic and non-saline (pH 5.75, EC: 0.24 dSm-1), medium in organic carbon (0.56 %) (Walkley and Black, 1934) [23], low in available nitrogen (224.63 kg ha-1) (Subbiah and Asija, 1956) [21], medium in available phosphorus (52.71 kg ha-1) and medium in available potassium (294.65 kg K2O ha-1) (Jackson, 1973) [7].
Experimental details
The field experiment was laid out  in (RCBD) Randomized Completely Block Design, which involved 11 treatments with three  replications. The treatments comprised of absolute control (T1), recommended dose of fertilizer (100:50:50 kg N:P2O5:K2O ha-1) (T2), 50 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T3), 75 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T4), 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T5), 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6), 50 per cent RDN + two sprays of 2 per cent urea fertilizer at 30 & 45 DAT (T7), 75 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T8), 75 per cent RDN + two sprays of 2 per cent urea fertilizer at 30 & 45 DAT (T9), 100 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T10), four sprays of 0.4 per cent nano urea fertilizer at 15, 30, 45 & 60 DAT (T11). Crop was established by transplanted method. Seeds of ragi (cv. GPU-28) were sown in rows of 10 cm apart in the raised beds. At the time of sowing 500 g MOP, 1 kg SSP and 500 g ammonium sulphate per bed were applied to the raised beds, then 12 days after sowing 250 g urea per bed was applied as top dress. Healthy and uniform seedlings of 25 days old were transplanted manually in the main field at 30 cm  10 cm spacing. On the day of transplanting basal application of 50 per cent of the recommended dose of nitrogen and entire doses of P and K (50: 50 kg ha-1 of P2O5, K2O) were calculated for the experimental plots and applied commonly to all the plots except T1 (control) using urea, Diamonium Phosphate and muriate of potash as source of fertilizer. The remaining 50 per cent of the recommended dose of nitrogen was applied at 30 days after transplanting. Nitrogen in the form of nano urea was sprayed at different days after transplanting as per the treatment requirements. 


Collection of experimental data
For recording various biometric observations i.e., number of leaves per hill, leaf area index, total dry matter accumulation, absolute growth rate, crop growth rate, grain yield (kg ha-1), straw yield (kg ha-1) and harvest index (%), a sample consisting of five plants was selected at random and tagged in net plot of each treatment. Observations on growth parameters were recorded at 60 and 90 DAT. Five plants were selected at random from the gross plot area through destructive sampling at 60, 90 DAT and at harvest for recording dry matter accumulation (g hill-1). Experimental data obtained on various parameters were subjected to statistical analysis by adopting Fisher’s method of analysis of variance (ANOVA) as given by Gomez and Gomez (1984) [5].
3. Results and Discussion
Application of 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6) recorded a higher number of leaves per hill (64.26 and 58.42) at 60 and 90 DAT, which was statistically on par with 100 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T10 -61.89 and 56.23) and 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T5-60.78 and 55.28). This may be because conventional urea provided more nitrogen at the early stages of the crop, favoring more leaf production with optimal leaf area under various treatments. Nitrogen is a nutrient element that aids in cell division and cell enlargement. Additional foliar application of nano urea during active tillering stages increased leaf factors, because the readily available nutritional form facilitated greater absorption efficiency, quicker nutrient translocation and increased chlorophyll synthesis and photosynthetic rate (Midde et al., 2022) [15]. The absolute control treatment noticed a lower number of leaves per hill (T1-35.24 and 32.15 cm) at 60 and 90 DAT, respectively. Similarly,  maximum leaf area index was recorded in 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6- 5.88 and 5.15 at 60 and 90 DAT), which was statistically on par with the application of 100 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T10-5.66 and 4.96) and 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T5-5.56 and 4.88). It was caused due to nano urea increasing the chlorophyll formation, rate of photosynthesis results in overall growth in the plant, which may result in the formation of a greater number of leaves. Nitrogen application increased production of the amino acid i.e., tryptophan, which increases the cell elongation thereby contributing to the higher leaf area index (Yadegari, 2013) [25]. In contrast, minimum leaf area index was observed in absolute control (T1-2.26 and 1.98).







Table 1: Number of leaves per hill and leaf area index of ragi as influenced by the foliar application of nano and conventional urea at different growth stages
	Treatment details
	Number of leaves hill-1
	Leaf area index

	
	60 DAT
	90 DAT
	60 DAT
	90 DAT

	T1 - Absolute control
	44.52
	53.62
	4.75
	4.78

	T2 - Recommended dose of fertilizer (100:50:50 kg N:P2O5:K2O ha-1)
	70.15
	86.25
	8.02
	8.09

	T3 - 50 % RDN + Two sprays of 0.4 % nano urea fertilizer at 30 & 45 DAT
	61.58
	75.08
	6.93
	6.98

	T4 - 75 % RDN + One spray of 0.4 % nano urea fertilizer at 30 DAT
	66.24
	81.59
	7.58
	7.65

	T5 - 75 % RDN + Two sprays of 0.4 % nano urea fertilizer at 30 & 45 DAT
	71.95
	89.46
	8.34
	8.42

	T6 - 100 % RDN + One spray of 0.4 % nano urea fertilizer at 30 DAT
	75.82
	94.13
	8.76
	8.85

	T7 - 50 % RDN + Two sprays of 2 % urea fertilizer at 30 & 45 DAT
	58.27
	71.09
	6.57
	6.59

	T8 - 75 % RDN + One spray of 2 % urea fertilizer at 30 DAT
	60.56
	73.98
	6.82
	6.87

	T9 - 75 % RDN + Two sprays of 2 % urea fertilizer at 30 & 45 DAT
	67.34
	82.97
	7.69
	7.78

	T10- 100 % RDN + One spray of 2 % urea fertilizer at 30 DAT
	73.12
	90.86
	8.46
	8.54

	T11 - Four sprays of 0.4 % nano urea fertilizer at 15, 30, 45 & 60 DAT
	51.38
	62.54
	5.78
	5.83

	S. Em (±)
	        2.02
	2.65
	0.24
	      0.25

	CD (p=0.05)
	  5.95
	  7.82
	   0.72
	 0.73





Total dry matter accumulation (g hill-1)
The treatment supplied with the application of 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6) recorded a maximum total dry matter (25.37, 44.62 and 46.75 g hill-1) at 60, 90 DAT and at harvest (Table 2), which was on par with 100 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T10-24.46, 43.09 and 45.16 g hill-1) and 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T5-24.05, 42.49 and 44.52 g hill-1). It’s because of the site-specific absorption of nano nitrogen, which was utilized according to the needs of the plant that led to good vegetative growth. Ultimately, increasing metabolic and meristematic activity, cell division, cell elongation and improvement in growth parameters like plant height, number of leaves and leaf area resulted in increased total dry matter accumulation (Rani et al., 2019) [17]. The use of nanoparticles accelerates photosynthesis, improving the transfer of assimilates and photosynthates to various plant sections and increasing the accumulation of dry matter in the plant (Singh and Kumar, 2017) [20]. Significantly, lower total dry matter was observed in absolute control (T1-13.42, 23.65 and 24.95 g hill-1). with respect to Absolute growth rate (g day-1), Highest absolute growth rate (0.64 g day-1) was observed during 60-90 DAT with the application of 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6). However, lowest absolute growth rate (0.34 g day-1) was recorded in absolute control (T1) treatment (Table 2). The increase in dry matter accumulation with foliar application of nano nitrogen nutrient resulted in the ready availability of nutrients at critical period of crop demand. These results are in findings with Alimamy et al., (2022) [1]. Similarly  
Crop growth rate (g m-2 day-1), 
Maximum crop growth rate (21.39 g m-2 day-1) was recorded during 60-90 DAT (Table 2) in the treatment supplied with the application of 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6). It is due to the fact that nano nutrients supplied through foliage has mobilised more efficiently by the plant resulting in enhanced growth attributes and ultimately enhanced the crop growth rate and relative growth rate and net assimilation rate. The above results are also in conformity with the findings of Kaviyazhagan et al., (2022) [9]. In contrast, absolute control (T1) treatment recorded minimum crop growth rate (11.39 g m-2 day-1).

.
Grain yield (kg ha-1)
Maximum grain yield (3812 kg ha-1) was recorded with the application of 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6), which was statistically close with the application of 100 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T10-3664 kg ha-1) and 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T5-3589 kg ha-1). The improved root establishment and increased foliar growth during the vegetative stage of the crop brought by the basal application of conventional urea. This early, optimum growth facilitates the efficient absorption of nano urea at later development stages and enhances the physiological and metabolic processes in the plant systems promoting the transport of photosynthates from source to sink (Kumar et al., 2020) [12].  However, lower grain yield (1428 kg ha-1) was recorded in absolute control (T1). Similarly, 
Straw yield (kg ha-1)
Application of 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6) has recorded higher straw yield (6453 kg ha-1), which was found statistically on par with the application of 100 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T10-6235 kg ha-1) and 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T5-6105 kg ha-1). The increase in the straw yield with the foliar spray of nano urea might be due to their rapid uptake by the plants and translocation at a faster pace, which aided in a higher rate of photosynthesis and more dry matter accumulation which resulted in higher straw yield. These findings were in agreement with the reports of Khalil et al. (2019) [11] in maize and Sahu et al. (2022) [18] in rice. In contrast, absolute control (T1) recorded lower straw yield (T1-2741 kg ha-1). With respect to Harvest index, there was no significance difference among different treatments w.r.t to harvest index of ragi as influenced by foliar application of nano and conventional urea. However, numerically highest harvest index (37.13 %) was recorded with the application of 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6). However, absolute control treatment (T1) recorded lower harvest index (34.25 %). 



  Table 2: Total dry matter accumulation, absolute growth rate (AGR) and crop growth rate (CGR) of ragi as influenced by the foliar application of nano and conventional urea at different growth stages
	Treatment details
	Total dry matter accumulation (g hill-1)
	AGR (g day-1)
	CGR (g m-2 day-1)

	
	60 DAT
	90 DAT
	At harvest
	30 - 60 DAT
	60 - 90 DAT
	30 - 60 DAT
	60 - 90 DAT

	T1 - Absolute control
	13.42
	23.65
	24.95
	0.33
	0.34
	10.86
	11.37

	T2 - Recommended dose of fertilizer (100:50:50 kg N:P2O5:K2O ha-1)
	23.19
	40.86
	42.83
	0.56
	0.59
	18.63
	19.63

	T3 - 50 % RDN + Two sprays of 0.4 % nano urea fertilizer at 30 & 45 DAT
	20.18
	35.58
	37.36
	0.51
	0.51
	16.89
	17.11

	T4 - 75 % RDN + One spray of 0.4 % nano urea fertilizer at 30 DAT
	21.86
	38.67
	40.58
	0.54
	0.56
	17.96
	18.68

	T5 - 75 % RDN + Two sprays of 0.4 % nano urea fertilizer at 30 & 45 DAT
	24.05
	42.49
	44.52
	0.61
	0.61
	20.44
	20.49

	T6 - 100 % RDN + One spray of 0.4 % nano urea fertilizer at 30 DAT
	25.37
	44.62
	46.75
	0.63
	0.64
	21.11
	21.39

	T7 - 50 % RDN + Two sprays of 2 % urea fertilizer at 30 & 45 DAT
	19.12
	33.71
	35.41
	0.47
	0.49
	15.74
	16.22

	T8 - 75 % RDN + One spray of 2 % urea fertilizer at 30 DAT
	19.85
	35.08
	36.82
	0.47
	0.51
	15.81
	16.92

	T9 - 75 % RDN + Two sprays of 2 % urea fertilizer at 30 & 45 DAT
	22.31
	39.34
	41.27
	0.55
	0.57
	18.41
	18.92

	T10- 100 % RDN + One spray of 2 % urea fertilizer at 30 DAT
	24.46
	43.09
	45.16
	0.60
	0.62
	20.16
	20.70

	T11 - Four sprays of 0.4 % nano urea fertilizer at 15, 30, 45 & 60 DAT
	16.53
	29.83
	31.28
	0.41
	0.44
	13.66
	14.78

	S. Em (±)
	0.71
	1.26
	       1.30
	0.02
	0.02
	0.55
	0.52

	CD (p=0.05)
	   2.10
	   3.72
	 3.84
	  0.04
	  0.05
	   1.62
	  1.53


Table 3: Grain yield, straw yield and harvest index of ragi as influenced by the foliar application of nano and conventional urea 
	
Treatment details

	Grain yield          
(kg ha-1)
	Straw yield         
(kg ha-1)
	Harvest index (%)

	T1 - Absolute control
	1428
	2741
	34.25

	T2 - Recommended dose of fertilizer (100:50:50 kg N:P2O5:K2O ha-1)
	3487
	5926
	37.04

	T3 - 50 % RDN + Two sprays of 0.4 % nano urea fertilizer at 30 & 45 DAT
	3023
	5268
	36.46

	T4 - 75 % RDN + One spray of 0.4 % nano urea fertilizer at 30 DAT
	3268
	5624
	36.75

	T5 - 75 % RDN + Two sprays of 0.4 % nano urea fertilizer at 30 & 45 DAT
	3589
	6105
	37.02

	T6 - 100 % RDN + One spray of 0.4 % nano urea fertilizer at 30 DAT
	3812
	6453
	37.13

	T7 - 50 % RDN + Two sprays of 2 % urea fertilizer at 30 & 45 DAT
	2846
	5012
	36.22

	T8 - 75 % RDN + One spray of 2 % urea fertilizer at 30 DAT
	2961
	5157
	36.47

	T9 - 75 % RDN + Two sprays of 2 % urea fertilizer at 30 & 45 DAT
	3345
	5749
	36.78

	T10- 100 % RDN + One spray of 2 % urea fertilizer at 30 DAT
	3664
	6235
	37.01

	T11 - Four sprays of 0.4 % nano urea fertilizer at 15, 30, 45 & 60 DAT
	2439
	4386
	35.73

	S. Em (±)
	107.41
	161.63
	1.12

	CD (p=0.05)
	316.86
	476.82
	NS






Nitrogen uptake (kg ha-1)
Compared to other treatments, 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6) has recorded significantly higher total nitrogen uptake (89.60 kg ha-1) at harvest which was statistically close with the 100 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T10-85.16 kg ha-1) and 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T5- 80.24 kg ha-1) (table 4). The nitrogen uptake was found to be increased with the foliar application of nano urea, which might be due to nano fertilizer have large surface area and particle size is less than the pore size of root and leaves of the plant which can increase their penetration into the plant from applied surface and improve nutrient uptake. These results findings were in close agreement with the findings of Lahari et al. (2021) [13]. On the other hand, the absolute control (T1) recorded a lower total nitrogen uptake (19.69 kg ha-1) at harvest. With respect to nitrogen use efficiency, 
“Significantly higher nitrogen use efficiency (48.41 %) was observed with the application of 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT (T5), which was statistically on par with the 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT (T6-46.59 %) and 100 per cent RDN + one spray of 2 per cent urea fertilizer at 30 DAT (T10-43.65 %) (table 4). This increase in nitrogen use efficiency was mainly due to the properties of nano urea i.e., large surface area and particle size smaller than the pore size of plant leaves, allowing for greater penetration into plant tissues from the applied surface and improved absorption and nutrient use efficiency. Nanoparticles with a size of less than 5 nm go through the cuticular pathway, whereas those with larger sizes travel through the stomatal pathway before arriving at the conducting system, where they aid in the rapid and simple absorption of nutrients by leaves”. (Dimkpa et al., 2015 and Qureshi et al., 2018) [4, 16]. However, plots received with the recommended dose of fertilizer (T2) recorded lower nitrogen use efficiency (36.41 %) compared to the above treatments.

Table 4: Nitrogen uptake and use efficiency at harvest as influenced by the foliar application of nano and conventional urea in ragi
	
Treatment details


	                        
Nitrogen uptake (kg ha-1)
	Nitrogen use efficiency (%)

	
	Grain
	Straw
	Total
	N

	T1 - Absolute control
	11.74
	7.95
	19.69
	-

	T2 - Recommended dose of fertilizer (100:50:50 kg N:P2O5:K2O ha-1)
	45.45
	28.85
	74.30
	36.41

	T3 - 50 % RDN + Two sprays of 0.4 % nano urea fertilizer at 30 & 45 DAT
	35.07
	23.01
	58.08
	38.36

	T4 - 75 % RDN + One spray of 0.4 % nano urea fertilizer at 30 DAT
	41.37
	25.73
	67.10
	37.92

	T5 - 75 % RDN + Two sprays of 0.4 % nano urea fertilizer at 30 & 45 DAT
	48.99
	31.25
	80.24
	48.41

	T6 - 100 % RDN + One spray of 0.4 % nano urea fertilizer at 30 DAT
	54.67
	34.93
	89.60
	46.59

	T7 - 50 % RDN + Two sprays of 2 % urea fertilizer at 30 & 45 DAT
	31.41
	19.74
	51.15
	29.75

	T8 - 75 % RDN + One spray of 2 % urea fertilizer at 30 DAT
	33.56
	21.01
	54.57
	27.28

	T9 - 75 % RDN + Two sprays of 2 % urea fertilizer at 30 & 45 DAT
	43.31
	26.86
	70.17
	38.61

	T10- 100 % RDN + One spray of 2 % urea fertilizer at 30 DAT
	52.29
	32.87
	85.16
	43.65

	T11 - Four sprays of 0.4 % nano urea fertilizer at 15, 30, 45 & 60 DAT
	22.58
	14.67
	37.25
	34.98

	S. Em (±)
	2.59
	1.62
	4.20
	1.97

	CD (p=0.05)
	7.67
	4.79
	12.40
	5.81





4. Conclusion
 The application of 100 per cent RDN + one spray of 0.4 per cent nano urea fertilizer at 30 DAT recorded higher growth and yield parameters i.e., number of leaves per hill, leaf area index, total dry matter accumulation, absolute growth rate, crop growth rate, grain yield and straw yield of ragi as compared to recommended dose of fertilizer. The combined application of 75 per cent RDN + two sprays of 0.4 per cent nano urea fertilizer at 30 & 45 DAT revealed higher total nitrogen uptake and use efficiency (89.60 kg ha-1 and 48.41 %) as compared to recommended dose of fertilizer (74.30 kg ha-1 and 36.41 %).

Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.


References
1. Alimamy KS, Naresh K, Ramesh H, Manoj S, Bidisha C, Kalikinkar B et al. Influence of weather and nutrients (FYM, N and P) on RGR, LAD, NAR and CGR to determine the productivity of maize, wheat and green gram in a cropping system. Journal of Agrometeorology 2022; 24(1):26-32.
2. Anonymous, https://www.indiastat.com/table/agriculture/selected-state-wise-area production-productivity-m/1423779. 2022.
3. Benzon HRL, Rubenecia MRU, Ultra VU, Lee SC. Nano-fertilizer affects the growth, development and chemical properties of rice. International Journal of Agronomy and Agricultural Research 2015; 7(1): 105-117.
4. Dimkpa CO, Mclean JE, Britt DW, Anderson AJ. Nano CuO and interaction with nano ZnO or soil bacterium provide evidence for the interference of nanoparticles in metal nutrition of plants. Ecotoxicology 2015; 24:119-129.
5. Gomez KA, Gomez AA. Data that violate some assumptions of the analysis of variance. In: Gomez, K. A., Gomez, A. A. (Eds.), Statistical procedures for agricultural research. 2nd edition, John Wiley & Sons, Inc., 605, Third Avenue, New York, 1984; 294-315.
6. Gopalan C, Rama SBV, Balasubramanian SC. Nutritive value of Indian foods. Hyderabad, India: National Institute of Nutrition, Indian Council of Medical Research. 2009.
7. Jackson ML. Soil chemical analysis. Prentice-Hall Inc., Englewood Cliffs, New Jersey, 1973.
8. Kantwa S, Yadav LR. Nano urea: Applications and significance. Just Agriculture, 2022; 2:1-6.
9. Kaviyazhagan S, Anandan P, Stalin P. Nitrogen scheduling and conjoined application of nano and granular urea on growth characters, growth analysis and yield of sweet corn (Zea mays var saccharate). The Pharma Innovation Journal 2022; 11(11): 1974-1978.

10. Khalid U, Sher F, Noreen S, Lima EC, Rasheed T, Sehar S, Amami R et al. Comparative effects of conventional and nano-enabled fertilizers on morphological and physiological attributes of Caesalpinia bonducella plants. Journal of the Saudi Society of Agricultural Sciences 2022; 21(1):61-72.
11. Khalil MH, Abou AAF, Abdrabou RTH, Abdalhalim SH, Abdelmaaboud MSH. Response of two maize cultivars (Zea mays L.) to organic manure and mineral nano nitrogen fertilizer under siwa oasis conditions. AUJAS, Ain Shams University, Cairo, Egypt 2019; 27(1):299-312.
12. Kumar Y, Tiwari KN, Nayak RK, Rai A, Singh SP, Singh AN, Kumar Y, Tomar H, Singh T, Raliya R Nano fertilizers for increasing nutrient use efficiency, yield and economic returns in important winter season crops of Uttar Pradesh. Indian Journal of Fertilisers 2020; 16(8):772-786.
13. Lahari S, Hussain SA, Parameswari YS, Sharma SHK. Grain yield and nutrient uptake of rice as influenced by the nano forms of nitrogen and zinc.  International Journal of Environment and Climate Change 2021; 11(7):1-6.
14. Mehta S, Bharat R. Effect of integrated use of nano and non-nano fertilizers on nutrient use efficiency of wheat (Triticum aestivum L.) in irrigated subtropics of Jammu. Journal of Pharmacognosy and Phytochemistry 2019; 8:59.
15. Midde SK, Perumal MS, Murugan G, Sudhagar R, Mattepally VS, Bada MR et al. Evaluation of nano urea on growth and yield attributes of rice (Oryza Sativa L.). Chemical Science Review and Letters 2022; 11(42):211-214.
16. Qureshi A, Singh DK, Dwivedi S. Nano fertilizers: a novel way for enhancing nutrient use efficiency and crop productivity. International Journal of Current Microbiology and Applied Sciences 2018; 7(2):3325- 333.
17. Rani B, Nirali B, Zalawadia NM, Rushang K. Effect of different levels of chemical and nano nitrogenous fertilizers on yield and yield attributes of sorghum (Sorghum bicolor L.). International Journal of Current Microbiology and Applied Sciences 2019; 8(08):2878- 2884.
18. Sahu TK, Kumar M, Kumar N, Chandrakar T, Singh DP. Effect of nano urea application on growth and productivity of rice (Oryza sativa L.) under midland situation of Bastar region. The Pharma Innovation Journal 2022; 11(6):185-187.
19. Shobana S, Krishnaswamy K, Sudha V, Malleshi NG, Anjana RM, Palaniappan L. Mohan V.. Finger millet (Ragi, Eleusine coracana L.): a review of its nutritional properties, processing, and plausible health benefits. Advances In Food and Nutrition Research, 2013; 69:1-39.
20. Singh MD, Kumar BNA, Bio-efficacy of nano zinc sulphide (ZnS) on growth and yield of sunflower (Helianthus annuus L.) and nutrient status in the soil. International Journal of Agriculture Sciences 2017; 9(6):3795-3798.
21. Subbiah BV, Asija GL. A rapid method for the estimation of nitrogen in soil. Current Sciences., 1956; 26: 259-260.
22. Thakkar KN, Mhatre SS, Parikh RY. Biological synthesis of metallic nanoparticles. Nanomedicine: Nanotechnology, Biology and Medicine, 2010; 6(2):257-262.
23. Walkley A, Black CA. An examination of digestion methods for determining soil organic matter and a proposed modification of the chromic acid titration method. Soil Science 1934; 37:29-38.
24. Watson DJ. The physiological basis of variation in yield. Advance Agronomy 1952; 4:101-145.
25. Yadegari M. Effect of foliar application of Fe, Zn, Cu and Mn on yield and essential oils of Borago officinalis. Journal of Applied Science and Agriculture 2013; 8(5):568-575. 

