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ABSTRACT

Background: Nano fertilizers offer improved uptake, prolonged availability, and reduced losses. Conventional fertilizers exhibit low nutrient use efficiency due to losses via leaching, volatilization and fixation, leading to reduced yields, higher costs and environmental concerns. 
Aims: The study aims to evaluate the response of rice (Oryza sativa L.) to different levels of conventional fertilizers integrated with foliar applications of nano fertilizers (Nano Urea and Nano DAP) on growth parameters, yield attributes and overall productivity under rainfed conditions.
Methodology: A field experiment was conducted during kharif 2024 at the Agricultural Research Station, Mugad, Dharwad, Karnataka, India. The experiment was laid out in a split-plot design with three replications. The main plot treatments consisted of three nutrient levels: N₁ – 50% RDN + 50% RDP + 100% RDK, N₂ – 75% RDN + 75% RDP + 100% RDK and N₃ – 100% RDN + 100% RDP + 100% RDK. Thus, a total of 19 treatment combinations were evaluated, including a control plot without foliar spray. Foliar applications of nano-fertilizers were carried out at the tillering and panicle initiation stages, while conventional fertilizers were applied as per the treatments. The recommended package of practices (RPP) for rice under rainfed conditions, comprising RDF: 100 kg N, 50 kg P₂O₅ and 50 kg K₂O ha-1 along with common FYM at 8.5 t ha-1, Azospirillum @ 2 kg ac-1 and PSB @ 2 kg ac-1, was applied uniformly to all plots.  Growth and yield observations included plant height, tillers per meter row length, leaf area index, SPAD chlorophyll content, dry matter production, panicle length, grains per panicle, test weight, grain and straw yields. The collected data were statistically analysed using the split-plot design procedure.

Results: Among the treatments, the combination of 100% recommended nutrients with foliar Nano Urea + Nano DAP at 6 + 6 ml L⁻¹ (N₃F₆) recorded the highest values for key growth parameters: plant height (110.0 cm), number of tillers (86.00 m⁻¹ row length), leaf area index (5.21 at 90 DAS), SPAD chlorophyll values (44.00–45.35) and dry matter production (37.37 g plant⁻¹). This treatment also produced the maximum grain yield (55.63 q ha⁻¹) and straw yield (63.41 q ha⁻¹), representing a significant 29.37% increase in grain yield over the recommended package of practices (43.00 q ha⁻¹). Both main effects (nutrient levels and foliar nano treatments) and their interaction showed statistically significant differences for most parameters (based on CD values at 5% level of significance).

Conclusion: Integration of nano fertilizers, particularly the combined foliar application of Nano Urea and Nano DAP at higher concentration, with the full recommended dose of conventional fertilizers significantly enhances nutrient use efficiency, vegetative growth, photosynthetic activity and ultimately grain and straw yields in rainfed rice. This approach offers a promising, sustainable strategy to improve productivity and reduce reliance on excessive conventional fertiliser inputs under rainfed ecosystems.
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 INTRODUCTION 
Rice (Oryza sativa L.) is the most important staple food crop, feeding more than half of the global population and serving as a major source of energy and nutrition (Saini et al., 2022; Tarunum et al., 2023). It belongs to the genus Oryza of the Poaceae family Graminae and isatrue diploid with chromosome number 2n=24 [Kumar et al., 2022; Tagliapietra et al., 2024). Globally, rice is cultivated on about 162 million hectares with production around 520–541 million tonnes (milled basis) and average productivity of ~4.7 t ha⁻¹ in recent years. India is the second largest producer, with ~44–52 million hectares under cultivation and production reaching record levels of ~135–150 million tonnes in recent seasons, contributing 21–22% to global output. However, national average productivity remains ~3.0 t ha⁻¹, largely due to rainfed cultivation, abiotic stresses and sub-optimal nutrient management.
Conventional chemical fertilizers are widely used across the globe for achieving maximum yield in agricultural systems to meet the demand for food for an ever-growing population (Upadhyay et al., 2023). Conventional fertilizers exhibit low nutrient use efficiency (30–40% for N, 15–20% for P) due to losses via leaching, volatilization and fixation, leading to reduced yields, higher costs and environmental concerns. Nano fertilizers (1–100 nm) offer improved uptake, prolonged availability, and reduced losses.  Nano fertilizers can control nutrient release and give the proper amount of nutrients to crops in the right proportions, boosting yield while maintaining environmental safety (Dutta & Bera, 2021). Nano urea and nano DAP as foliar sprays have shown promise in enhancing chlorophyll, leaf area and yield in rice when combined with soil-applied fertilizers. Limited studies exist under rainfed conditions, necessitating region-specific validation.
The present study, conducted during kharif 2024 at ARS Mugad, Dharwad, aimed to assess the effects of varying conventional fertiliser levels integrated with foliar nano fertilizers on rice growth, yield and productivity under rainfed conditions.
MATERIAL AND METHODS 
A field experiment was conducted during kharif 2024 at the Agricultural Research Station, Mugad, Dharwad, Karnataka, India. The soil was sandy clay loam, slightly acidic (pH 6.21), low in available N (231.6 kg ha⁻¹), medium in P (28.7 kg ha⁻¹), and high in K (328.4 kg ha⁻¹).
The experiment followed a split-plot design with three replications. Main plots had three nutrient levels: N₁ – 50% RDN + 50% RDP + 100% RDK; N₂ – 75% RDN + 75% RDP + 100% RDK; N₃ – 100% RDN + 100% RDP + 100% RDK. Subplots comprised six foliar nano treatments: F₁ – Nano Urea 4 ml L⁻¹; F₂ – Nano Urea 6 ml L⁻¹; F₃ – Nano DAP 4 ml L⁻¹; F₄ – Nano DAP 6 ml L⁻¹; F₅ – Nano Urea + Nano DAP 4+4 ml L⁻¹; F₆ – Nano Urea + Nano DAP 6+6 ml L⁻¹. A control (recommended package without foliar spray) was included. Foliar sprays occurred at tillering and panicle initiation. RDF (100 kg N, 50 kg P₂O₅, 50 kg K₂O ha⁻¹) + FYM 8.5 t ha⁻¹ + Azospirillum/PSB @ 2 kg ac⁻¹ was applied uniformly. Standard management practices were followed.
Observations included plant height, tillers m⁻¹ row, LAI, SPAD chlorophyll, dry matter, panicle traits, and grain/straw yields. Data were analysed using split-plot ANOVA.
 RESULTS AND DISCUSSION
Growth parameters
At 30 DAS, there were no significant differences among treatments for plant height, number of tillers per meter row length, leaf area, leaf area index, dry matter production and SPAD chlorophyll content (before the first spray), suggesting that crop growth was uniform across treatments during the early stage.
From 60 DAS onwards, nutrient and foliar treatments exerted a significant influence. Among nutrient levels, N₃ (100% RDN + 100% RDP + 100% RDK) consistently recorded superior performance with maximum plant height (97.0 cm at harvest), higher number of tillers per meter row length (83.53 m-1), greater LAI (5.28 at 90 DAS) with leaf area (1060.17 at 90 DAS ), maximum dry matter production (33.62 g hill-1) and SPAD chlorophyll content (40.19 after second spray) clearly outperforming N₁ (50% RDN + 50% RDP  + 100% RDK) and N₂ (75% RDN + 75% RDP  + 100% RDK) (Table 01). The improvement can be attributed to balanced nutrient supply, enhancing cell division, leaf expansion and photosynthetic activity, which agrees with findings of [5].
Across foliar sprays, F₆ (Nano Urea + Nano DAP at the rate of 6 ml l-1+ 6 ml l-1 respectively ) registered the best growth with plant height of 94.1 cm, 80.00 number of tillers per meter row length, LAI of 4.81 at 90 DAS with leaf area of 962.00 at 90 DAS, dry matter of 31.93 g hill-1 at harvest and the highest SPAD chlorophyll values of 39.31 after second spray (Table 01). Although SPAD readings were non-significant before the first spray, significant differences emerged after application. These results support earlier reports that nano-fertilizers enhance nutrient uptake efficiency, chlorophyll synthesis and vegetative vigour [8,4].
The interaction between nutrient levels and foliar sprays (N × F) was significant at later stages. The combination N₃F₆ (100% RDN + 100% RDP + 100% RDK and Nano Urea + Nano DAP at the rate of 6 ml l-1 + 6 ml l-1 respectively) resulted in the highest plant height (110.0 cm), number of tillers per meter row length (85.00 m-1 row length at 90 DAS), leaf area (1121.00 at 90 DAS), LAI (5.21 at 90 DAS), SPAD chlorophyll values (45.35 after second spray) and dry matter accumulation (37.37 g hill-1) (Table 01). The superior performance of N₃F₆ can be explained by better nutrient synchrony and sustained assimilate partitioning, similar to the synergistic effect of RDF with nano-fertilizers reported by [10].

Table 1. Impact of different levels of nano fertilizers and conventional fertilizers on the growth parameters of rice









	Treatments
	Plant height 
(cm)
	Number of tillers per meter row length
	Leaf area 
(cm2 hill-1)
	Leaf area index 
	Relative chlorophyll content (SPAD)
	Dry matter production
(g hill-1)

	
	90 DAS
	At harvest
	90 DAS
	At harvest
	90 
DAS
	At harvest
	90 DAS
	At harvest
	After
2nd treatment imposes
	90 DAS
	At harvest

	Main plot:  Nutrient levels (kg ha-1)

	N1
	50% RDN + 50% RDP + 100% RDK
	72.1c
	79.6c
	67.33c
	67.33c
	729.50c
	494.50c
	3.64c
	2.47c
	33.89c
	17.04c
	25.04c

	N2
	75% RDN + 75% RDP + 100% RDK
	77.3b
	86.3b
	77.58b
	77.00b
	890.83b
	640.00b
	4.45b
	3.18b
	37.37b
	20.69b
	29.22b

	N3
	100% RDN + 100% RDP + 100% RDK
	87.3a
	97.0a
	85.07a
	83.53a
	1060.17a
	827.37a
	5.28a
	4.13a
	40.19a
	25.83a
	33.62a

	S.Em. ±
C.D. at 5%
	0.3
1.1
	0.2
0.9
	0.31
1.21
	0.10
0.40
	5.19
20.36
	4.18
16.43
	0.03
0.13
	0.02
0.06
	0.19
0.73
	0.16
0.63
	0.22
0.88

	Sub plot: Foliar spray of Nano fertilizers at tillering and panicle initiation

	F1
	Nano Urea spray at the rate of 4 ml litre-1  
	75.2e
	83.8e
	73.33e
	72.67f
	837.33e
	586.51e
	4.12f
	2.89e
	34.92d
	19.35e
	26.87e

	F2
	Nano Urea spray at the rate of 6 ml litre-1 
	76.3d
	84.9d
	75.13d
	74.00e
	853.33de
	613.89d
	4.27e
	3.08d
	36.39c
	20.02de
	28.04d

	F3
	Nano DAP spray at the rate of 4 ml litre-1
	76.5d
	85.1d
	75.67d
	75.33d
	875.00cd
	636.67d
	4.38d
	3.18d
	36.80bc
	20.48cd
	28.8cd

	F4
	Nano DAP spray at the rate of 6 ml litre-1 
	79.3c
	88.1c
	77.17c
	76.72c
	901.67bc
	668.33c
	4.51c
	3.33c
	37.41bc
	21.19c
	29.61bc

	F5
	Nano Urea and Nano DAP spray at the rate of 4 + 4 ml litre-1, respectively 
	80.6b
	89.9b
	78.67b
	78.00b
	931.67ab
	696.67b
	4.66b
	3.48b
	38.06ab
	22.30b
	30.52b

	F6
	Nano Urea and Nano DAP spray at the rate of 6 + 6 ml litre-1, respectively
	85.5a
	94.1a
	80.00a
	79.00a
	962.00a
	721.67a
	4.81a
	3.61a
	39.31a
	23.78a
	31.93a

	S.Em. ±
C.D. at 5%
	0.1
0.4
	0.07
0.2
	0.82
2.37
	0.20
0.57
	11.52
33.28
	7.82
22.59
	0.05
0.15
	0.04
0.13
	0.25
0.74
	0.30
0.88
	0.34
0.97

	Interaction (N×F)

	N1F1
	70.0k
	77.0l
	63.00m
	63.00o
	682.00m
	452.00m
	3.34l
	2.26m
	31.12l
	15.71k
	22.05k

	N1F2
	70.8k
	78.0k
	65.00l
	65.00n
	695.00m
	465.00lm
	3.48kl
	2.33lm
	33.26k
	16.10k
	24.00j

	N1F3
	70.9k
	78.2k
	66.00l
	66.00m
	705.00m
	475.00lm
	3.53kl
	2.38l
	33.35k
	16.55jk
	24.63j

	N1F4
	73.5j
	81.0j
	68.00k
	68.00l
	730.00lm
	495.00kl
	3.65jk
	2.48k
	34.43jk
	17.12jk
	25.61i

	N1F5
	73.6j
	81.4j
	70.00j
	70.00k
	765.00kl
	525.00jk
	3.83ij
	2.63j
	35.35ij
	18.05ij
	26.65h

	N1F6
	74.3ij
	83.5i
	72.00i
	72.00j
	800.00jk
	555.00ij
	4.00hi
	2.78i
	35.84hi
	18.70hi
	27.29gh

	N2F1
	74.7hi
	83.8i
	74.00h
	74.00i
	835.00ij
	585.00hi
	4.18gh
	2.82i
	35.50h-j
	19.20hi
	27.31gh

	N2F2
	75.4gh
	84.4h
	75.50g
	75.00h
	850.00hi
	600.00h
	4.25fg
	3.00h
	36.80gh
	19.65gh
	28.07g

	N2F3
	75.8g
	84.5h
	76.00g
	76.00g
	870.00hi
	615.00h
	4.35fg
	3.08h
	37.76e-g
	20.05gh
	29.27f

	N2F4
	78.5f
	87.9g
	78.00f
	78.00f
	895.00gh
	650.00g
	4.48ef
	3.25g
	38.02d-g
	20.85fg
	29.76f

	N2F5
	79.2f
	88.2g
	80.00e
	79.00e
	930.00fg
	680.00fg
	4.65de
	3.40f
	37.41fg
	21.75ef
	29.78f

	N2F6
	80.4e
	89.8f
	82.00d
	80.00d
	965.00ef
	710.00ef
	4.83d
	3.55e
	38.74c-f
	22.65e
	31.15e

	N3F1
	80.9e
	90.6e
	83.00d
	81.00c
	995.00de
	722.54e
	4.84d
	3.58e
	38.15d-g
	23.13de
	31.25e

	N3F2
	82.8d
	92.4d
	84.90a-c
	82.00b
	998.00cd
	776.67d
	5.08c
	3.92d
	39.12c-e
	24.30cd
	32.05de

	N3F3
	83.0d
	92.8d
	85.00a-c
	84.00a
	1050.00bc
	820.00c
	5.25bc
	4.10c
	39.30cd
	24.85c
	32.50cd

	N3F4
	86.1c
	96.0c
	85.50a-c
	84.17a
	1080.00ab
	860.00b
	5.40ab
	4.27b
	39.79c
	25.60c
	33.45c

	N3F5
	89.0b
	100.2b
	86.00ab
	85.00a
	1100.00a
	885.00ab
	5.50a
	4.42a
	41.42b
	27.10b
	35.12b

	N3F6
	102.0a
	110.0a
	86.00a
	85.00a
	1121.00a
	900.00a
	5.61a
	4.50a
	45.35a
	30.00a
	37.37a

	 S.Em. ±
C.D. at 5%
	0.2
0.5
	0.1
0.4
	0.38
1.10
	0.10
0.28
	1.56
4.49
	1.34
3.88
	0.12
0.35
	0.09
0.26
	0.22
0.64
	0.29
0.83
	0.31
0.90

	Control (RPP without foliar spray)
	80.3
	89.8
	75.00
	75.00
	798.90
	522.81
	4.24
	3.00
	37.10
	19.45
	37.10

	S.Em. ±
C.D. at 5%
	1.4
5.0
	1.6
5.5
	0.12 0.34
	0.36 1.03
	1.54   4.41
	1.36  3.90
	0.0832
0.2387
	0.0622
0.1784
	0.52
1.51
	0.39
1.14
	0.39
1.13


Note: -Recommended package of practices (RPP); RDF:- 100 kg N,50 kg P₂O₅, 50 kg K₂O ha-1 under rainfed conditions and common FYM 8.5 t ha-1 + Azospirillum 2 kg ac-1 and PSB 2 kg ac-1 to all plots.              

Yield and yield parameters
Among nutrient levels, N₃ (100% RDN + 100% RDP + 100% RDK) produced significantly higher yield attributes such as panicles per meter row length (60.84), grains per panicle (231.71), grain weight per panicle (3.07 g) and seed yield per hill (15.00 g). However, panicle length (19.47 cm) and test weight (18.87 g) were non-significant (Table 02), indicating that these traits were less responsive to varying nutrient levels. The improvement under N₃ reflects the role of balanced nutrient application in enhancing sink capacity and assimilate partitioning, similar to the results of [12].
Among the foliar sprays, F₆ (Nano Urea + Nano DAP at the rate of 6 + 6 ml l-1 respectively) outperformed other sprays with higher panicles per meter row length (54.53), grains per panicle (221.33), grain weight per panicle (2.88 g) and seed yield per hill (13.33 g), while panicle length (19.01 cm) and test weight (18.73 g) showed no significant differences (Table 02). The higher reproductive efficiency under nano sprays may be due to improved nutrient uptake and utilisation during critical grain-filling stages, as reported by [4].
Nutrient levels also significantly influenced final yields. N₃ recorded the highest grain yield (48.17 q ha-1) and straw yield (54.69 q ha-1), compared with N₁ (41.90 and 45.56 q ha-1) and N₂ (44.12 and 48.04 q ha-1). The increase under N₃ reflects enhanced dry matter accumulation and efficient translocation of assimilates, which aligns with findings of [13]. Similarly, among foliar sprays, F₆ achieved the maximum grain yield (51.10 q ha-1) and straw yield (58.62 q ha-1) (Table 02), significantly superior to F₁, F₂ and control.
The interaction effect (N × F) was significant for most attributes except panicle length and test weight. The combination N₃F₆ (100% RDN + 100% RDP + 100% RDK and Nano Urea + Nano DAP at the rate of 6 ml l-1 + 6 ml l-1 respectively) proved most effective, producing the maximum panicles per meter row length (68.00), grains per panicle (237.00), grain weight per panicle (3.10 g), seed yield per hill (15.50 g), grain yield (55.63 q ha-1) and straw yield (63.41 q ha-1). This translated into a 29.37% increase in grain yield over the recommended package of practices (43.00 q ha-1) (Table 02). The superior performance of N₃F₆ demonstrates the synergistic effect of conventional fertilizers with nano foliar sprays, ensuring synchrony in nutrient availability and efficient partitioning of assimilates to the sink, consistent with observations by [11].

Table 2. Impact of different levels of nano fertilizers and conventional fertilizers on the yield and yield parameters of rice



	
Treatments
	Panicle length (cm)
	Number of panicles per meter row length
	Number of grains       panicle-1
	1000 seed weight (g) 
	Grain weight panicle-1
(g)
	Seed yield
 hill-1 
(g)
	Grain
Yield 
(q ha-1)
	Straw 
Yield
 (q ha-1)

	Main plot:  Nutrient levels (kg ha-1)

	N1
	50% RDN + 50% RDP  + 100% RDK
	17.91a
	37.46c
	193.64c
	18.35a
	2.32c
	9.22c
	41.90c
	45.56c

	N2
	75% RDN + 75% RDP +  100% RDK
	18.64a
	48.28b
	214.26b
	18.65a
	2.79b
	12.40b
	44.12b
	48.04b

	N3
	100% RDN + 100% RDP  + 100% RDK
	19.47a
	60.84a
	231.71a
	18.87a
	3.07a
	15.00a
	48.17a
	54.69a

	S.Em. ±
C.D. at 5%
	0.60
2.37
	0.39
1.52
	1.38
5.40
	0.21
0.83
	0.02
0.06
	0.11
0.42
	0.22
0.84
	0.56
2.13

	Sub plot: Foliar spray of Nano fertilizers at tillering and panicle initiation

	F1
	Nano Urea spray at the rate of 4 ml litre-1
	18.38a
	43.82e
	204.35e
	18.52a
	2.56e
	11.20d
	38.64e
	42.19e

	F2
	Nano Urea spray at the rate of 6 ml litre-1 
	18.58a
	47.33d
	212.33cd
	18.60a
	2.70cd
	11.53cd
	41.24d
	45.41d

	F3
	Nano DAP spray at the rate of 4 ml litre-1
	18.49a
	46.17d
	207.71de
	18.56a
	2.65d
	11.80c
	42.99d
	47.33cd

	F4
	Nano DAP spray at the rate of 6 ml litre-1 
	18.71a
	49.34c
	214.93bc
	18.64a
	2.76bc
	12.33b
	45.92c
	49.02c

	F5
	Nano Urea and Nano DAP spray at the rate of 4 + 4 ml litre-1, respectively 
	18.87a
	51.97b
	218.57ab
	18.69a
	2.83ab
	12.90a
	48.47b
	56.01b

	F6
	Nano Urea and Nano DAP spray at the rate of 6 + 6 ml litre-1, respectively
	19.01a
	54.53a
	221.33a
	18.73a
	2.88a
	13.33a
	51.10a
	58.62a

	S.Em. ±
C.D. at 5%
	0.41
1.19
	0.60
1.74
	2.41
6.97
	0.23
0.65
	0.03
0.09
	0.18
0.51
	0.58
1.57
	0.62
1.79

	Interaction (N×F)

	N1F1
	17.62a
	33.08n
	185.65i
	18.20a
	2.10h
	8.00m
	36.92i
	40.24j

	N1F2
	17.70a
	35.10mn
	191.00hi
	18.26a
	2.18h
	8.40m
	38.85hi
	41.05ij

	N1F3
	17.80a
	36.20lm
	188.50hi
	18.32a
	2.25gh
	8.80lm
	40.86gh
	44.87f-h

	N1F4
	17.95a
	38.00kl
	194.20gh
	18.38a
	2.35g
	9.30l
	43.44efg
	45.89fg

	N1F5
	18.12a
	40.40jk
	199.50fg
	18.44a
	2.48f
	10.10k
	45.15e
	52.75e

	N1F6
	18.25a
	42.00ij
	203.00f
	18.50a
	2.56f
	10.70jk
	46.15de
	54.55de

	N2F1
	18.38a
	44.20hi
	204.16ef
	18.55a
	2.59ef
	11.30ij
	37.72i
	41.17ij

	N2F2
	18.47a
	45.60h
	212.00d
	18.58a
	2.76d
	12.00hi
	40.83gh
	42.27h-j

	N2F3
	18.55a
	46.80gh
	209.80de
	18.61a
	2.70de
	11.60i
	42.11fg
	43.59g-i

	N2F4
	18.68a
	48.50fg
	215.60cd
	18.66a
	2.83cd
	12.50gh
	44.33ef
	47.41f

	N2F5
	18.82a
	51.00f
	220.00bc
	18.72a
	2.91bc
	13.20fg
	48.19cd
	55.91cd

	N2F6
	18.95a
	53.60e
	224.00b
	18.78a
	2.97ab
	13.80c-f
	51.52b
	57.89bc

	N3F1
	19.15a
	54.18e
	223.25b
	18.82a
	2.99ab
	14.30c-e
	41.27gh
	45.17fg

	N3F2
	19.30a
	57.80d
	224.83b
	18.84a
	3.06a
	14.60b-d
	44.04ef
	52.90e

	N3F3
	19.38a
	59.00d
	234.00a
	18.86a
	3.09a
	14.60bc
	45.99de
	53.52de

	N3F4
	19.50a
	61.53c
	235.00a
	18.88a
	3.10a
	15.20ab
	49.99bc
	53.75de

	N3F5
	19.66a
	64.50b
	236.20a
	18.90a
	3.10a
	15.40ab
	52.07b
	59.36b

	N3F6
	19.83a
	68.00a
	237.00a
	18.90a
	3.10a
	15.50a
	55.63a
	63.41a

	 S.Em. ±
C.D. at 5%
	0.89
2.56
	0.42
1.21
	0.28
0.80
	0.33
0.97
	0.08
0.24
	0.24
0.69
	0.33
0.96
	0.36
1.03

	Control (RPP without foliar spray)
	18.36
	45.36
	208.00
	18.54
	2.68
	11.40
	43.00
	48.79

	S.Em. ±
C.D. at 5%
	0.33
0.97
	0.92
2.65
	3.91
11.21
	0.33
0.96
	0.05
0.14
	0.23
0.66

	0.36
1.04
	0.38
1.10


Note: -Recommended package of practices (RPP); RDF:- 100 kg N,50 kg P₂O₅, 50 kg K₂O ha-1 under rainfed conditions and common FYM 8.5 t ha-1 + Azospirillum 2 kg ac-1 and PSB 2 kg ac-1 to all plots.    

CONCLUSION
The present investigation clearly demonstrated that integration of nano fertilizers with conventional nutrient management significantly improved the growth and yield of rice under rainfed conditions. Early crop growth (30 DAS) remained uniform across treatments, but from 60 DAS onwards, substantial differences emerged. Application of 100% RDN + 100% RDP + 100% RDK (N₃) consistently enhanced plant height, tiller density, leaf area index, SPAD chlorophyll content and dry matter production compared to lower nutrient levels. Similarly, foliar sprays of nano fertilizers, particularly F₆ (Nano Urea and Nano DAP spray at the rate of 6 + 6 ml litre-1 respectively), promoted greater vegetative vigour and chlorophyll stability, contributing to improved assimilate production.
Yield attributes such as panicles per meter row length, grains per panicle, grain weight per panicle and seed yield per hill were significantly influenced by both nutrient and foliar treatments, though panicle length and test weight remained non-significant. Final grain and straw yields were highest under N₃ and F₆ individually, while their interaction N₃F₆ (100% RDN + 100% RDP + 100% RDK and Nano Urea + Nano DAP at the rate of 6 ml l-1 + 6 ml l-1 respectively) proved most effective, recording 55.63 q ha-1 grain and 63.41 q ha-1 straw yield, a 29.37% increase over the recommended package of practices.
Overall, the findings highlight that nano fertilizers, when integrated with balanced conventional fertilisation, enhance nutrient use efficiency and productivity of rice, offering a promising strategy for sustainable yield improvement under rainfed ecosystems.
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