


“Response of nano nitrogen fertilizer on Growth Dynamics of Pigeonpea [Cajanus cajan (L.) Millsp]”



ABSTARCT
An experiment was conducted during Kharif 2023 at Zonal Agricultural Research Station, Gandhi Krishi Vigyan Kendra, Bengaluru, to investigate the response of nano-nitrogen on the growth and yield of pigeonpea. The experiment consisted of 11 treatments involving two levels (75 % and 100 %) of nitrogen as a basal dose and four concentrations of nano-urea (4 ml, 6 ml, 8 ml, and 10 ml per litre) as foliar spray compared with the recommended dose of fertilizers and foliar spray of 2 % normal urea. The trial was laid out in a randomized complete block design with three replications. The results of the study revealed that, application of 100 per cent RDN with foliar application of nano urea 4 ml L-1 at flowering stage (FG) and pod development (PD) stage recorded significantly higher plant height (78.9 and 128.2 cm, respectively at 90 and 135 DAS),  number of primary branches per plant (5.8 and 12.4, respectively at 90 and 135 DAS), number of secondary branches per plant (4.5 and 5.6, respectively at 90 and 135 DAS), leaf area per plant (114, 500 and 2856 cm2 plant-1, respectively at 45, 90 and 135 DAS) and total dry matter accumulation (32.3 and 103.4 g plant-1, respectively at 90 and 135 DAS) as compared to other treatments. 
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INTRODUCTION
Pigeonpea (Cajanus cajan L. Millsp.) is a member of the Fabaceae family with significant agricultural and economic value, encompassing a major area in tropical and subtropical regions,
where it is primarily grown for its protein-rich edible seeds, playing a crucial role in the diet of
many resource-poorresource poor households in the developing countries. Pigeonpea is the sixth most important legume in the world, with India contributing more than 70 per cent of the total production, three-fourthsthree fourth of the global area, and harbouring a wide variety of cultivars. Pigeonpea
is sown in an area of 4.9 million ha with production of 4.22 million tonnestonne and average productivity of 861 kg ha-1 in India (Anon, 2024). Globally, pigeonpea is cultivated in an area of 6.03 million ha with production of 5.32 m t and average productivity of 883 kg ha-1. In Karnataka, it covers an area of 1.72 million ha with a production of 1.15 m t and an average productivity of 666 kg ha-1.
The crucial role of each nutrient element in plant growth and development is well known, with a shortage leading to significant reductions in growth and yield (Tisdale et al., 1993). In Indian soils, particularly light-textured ones, Nitrogen (N) is a commonly deficient mineral nutrient essential for forming proteins, nucleic acids, growth hormones, vitamins, and chlorophyll. Adequate nitrogen supply is crucial for robust vegetative growth and dark green colour in plants. Although nitrogen is abundant in the atmosphere, its limited availability in soil leadslead to suboptimal yield. Efficient use of nitrogen is essential for maximizing pigeonpea production, increasing yield, optimizing economic returns, and minimizing nitrate leaching into the ground. Pigeonpea yield is low due to yellowing and shedding of leaves post-floweringpost flowering
, which results in lower photosynthetic activity, leading to reduced source capacity reflecting in
the yield. It could be attributed to a reduction in the nitrogen supply due to reduced biological nitrogen fixation due to lowered nitrogenase activity post-floweringpost flowering (Kumar and Dart, 1987). Urea constitutes a larger percentageper cent of the nitrogenous fertilizers used by Indian farmers, primarily due to its low cost, ease of application, and visible effect on crops, despite its documented adverse effects such as pest prevalence, crop lodging, delayed maturity, and soil pollution. Despite its nitrogen use efficiency of 30 to 50 per cent, substantial losses occur over time, with 50-70 per cent of applied nitrogen content being lost to the environment, causing significant economic losses (Kumar et al., 2021).
To address decreasing crop yields caused by imbalanced fertilization and declining soil
organic matter, it is crucial to develop innovative materials that can efficiently release nutrients
to targeted plant sites. Nanotechnology, currently being explored as a solution, facilitates precise nutrient distribution to combat low nutrient use efficiency with minimal environmental
impact. Nanomaterials, typically 1-100 nm in size, possess unique characteristics that enhance
plant performance by promoting high absorption, increased photosynthesis, and significant
expansion in leaf surface area (Naderi and Shahraki, 2013, and Moaveni and Kheiri, 2011).
The study aims to provide insights into sustainable practices for boosting pigeonpea productivity, addressing food security, and minimizing environmental impact. By integrating advanced nano-technology and foliar nutrient delivery systems, the field experiment entitled “Response of nano nitrogen fertilizer on growth dynamics of pigeonpea [Cajanus cajan (L.) Millsp]” was conducted during the Kharif 2023 at UAS, GKVK, Bengaluru.
MATERIAL AND METHODS
The field experiment was conducted at K Block, Zonal Agricultural Research Station, University of Agricultural Sciences, Gandhi Krishi Vigyan Kendra, Bangalore, during Kharif 2023. The experimental site is located in the Eastern Dry Zone (Zone-V) of Karnataka and situated between 12º 51' North latitude and 77º 35' East longitude at an altitude of 930 m above mean sea level (MSL). The textural class of the soil was red sandy loam consisting of 53.6 per cent coarse sand,14.8 per cent fine sand, 16.2 per cent silt, and 15.4 per cent of clay. The soil was acidic (5.8) in reaction with an electrical conductivity of 0.17 dSm-1. The organic carbon content was 0.44 per cent. The soil was lower in available nitrogen (238.1 kg ha-1), medium in available phosphorusphosphorous (38.5 kg ha-1), and available potassium (230.5 kg ha-1).
The experiment was laid out on a Randomized Complete Block Design with eleven treatments, replicated thrice, summing up to 33 plots. Bunds of 30 cm width and height werewas erected between each plot, and one meter space was maintained between replications. The treatments were T1: Absolute control, T2: Recommended package of practice (UASB), T3: 100 % RDN + FA of nU 4 ml L-1 at FG and PD, T4: 100 % RDN + FA of nU 6 ml L-1 at FG and PD, T5: 100 % RDN + FA of nU 8 ml L-1 at FG and PD, T6: 100 % RDN + FA of nU 10 ml L-1 at FG and PD, T7: 75 % RDN + FA of nU 4 ml L-1 at FG and PD, T8: 75 % RDN + FA of nU 6 ml L-1 at FG and PD, T9: 75 % RDN + FA of nU 8 ml L-1 at FG and PD, T10: 75 % RDN + FA of nU 10 ml L-1 at FG and PD, T11: RDF + FA of normal urea 2 % at FG and PD. Where, FA- Foliar application, FG- Flowering stage, PD- Pod development, and nU: Nano Urea. RDF – Recommended dose of fertilizers (RDF: FYM 7.5 t, 25:50:25:20 kg N: P2O5: K2O: Zn ha-1) RDN: Recommended dose of nitrogen, the recommended dose of FYM @ 7.5 t ha-1 was applied for all treatments uniformly, and seeds are treated with rhizobium before sowing.
Recommended dose of P and K application is common to the treatments T2 to T11. T2: Application of 25:50:25 kg of NPK ha-1 at the time of sowing and 7.5 tonnes of FYM ha-1 at the time of last ploughing. Seeds were treated with 24 g of sodium molybdate and 500 g of UASB microbial consortia.
After harvest of the previous crop, the land was ploughed with tractor drawn disc plough and harrowed twice to crush the clods and make the soil loose and friable. Farmyard manure was applied at the time of harrowing for uniform mixing with soil at 2-3 weeks before sowing of the crop. Stubbles, roots, and weeds were removed from the experimental area. Later, a rotovator was passed to bring the soil to fine tilth. Before sowing, the experimental area was divided into blocks and plots as per the plan of layout, and small bunds (0.5 m) were formed around each plot and blockblocks. Each plot was levelled, and a drainage channel was formed for safe disposal of excess water.
In the experiment, the fertilizer application was followed as per the treatments. The nutrients, viz., nitrogen, phosphorus, and potassium, were applied in the form of urea, diammonium phosphate, and muriate of potash, respectively, as a basal dose at the time of sowing. Recommended dose of fertilizers (25: 50: 25 kg N, P2O5, and K2O ha-1, respectively) as per the treatment. Foliar nutrition of various doses of nano urea (4,6,8 and 10 ml L-1) along with 100 per cent and 75 per cent RDN and normal urea (2 %) was applied at the time of flowering and pod development stage according to the specific treatment. Observations on growth as well as yield were recorded as per the protocol. The experimental data werewas analysed statistically and presented at a five percentper cent level of significance for making comparisonscomparison between treatments.
RESULTS AND DISCUSSION
Influence of foliar nutrition on growth and growth parameters of pigeonpea
Plant height of pigeonpea
The plant height at 45, 90, and 135 DAS of pigeonpea as influenced by foliar application of nano urea is presented in Table 1.
Out of the various treatments, the control treatment showed the lowestlower plant height, 21.7 cm, which was significantly different from the treated plots up to 45 DAS. The treatment, consisting of 100 per cent RDN with foliar application of nano urea 6 ml L-1 at flowering (FG) and pod development (PD) stages, recorded the highesthigher plant height of 27.8 cm.
The foliar application of nano urea had a significant influence on the height of the plant at 90 and 135 DAS, where the application was taken at flowering (FG) and pod development (PD) stages. Higher plant height was observed with treatment 100 per cent RDN with foliar application of nano urea 4 ml L-1 at flower initiation (FI) and pod development (PD) stages (78.9 and 128.2 cm, respectively), which was statistically at par with RDF with foliar application of normal urea 2 per cent at flowering (FG) and pod development (PD) stages (78.5 and126.2 cm, respectively) and the recommended package of practice (76.2 and 123.7 cm, respectively). While the absolute control recorded the lower plant height (62.8 and 102.5 cm, respectively).
Table 1: Plant height at different growth stages of pigeonpea as influenced by foliar application of nano urea
	

Treatments
	Plant height (cm)

	
	45
DAS
	90
DAS
	135
DAS

	T1 : Absolute control
	21.7
	62.8
	102.5

	T2 : Recommended package of practice (UASB)
	27.5
	76.2
	123.2

	T3 : 100 % RDN + FA of nU 4 ml L-1 at FG and PD
	27.4
	78.9
	128.2

	T4 : 100 % RDN + FA of nU 6 ml L-1 at FG and PD
	27.8
	78.1
	123.7

	T5 : 100 % RDN + FA of nU 8 ml L-1 at FG and PD
	27.3
	71.5
	118.4

	T6 :100 % RDN + FA of nU 10 ml L-1 at FG and PD
	27.5
	70.4
	113.8

	T7 : 75 % RDN + FA of nU 4 ml L-1 at FG and PD
	25.4
	75.6
	121.4

	T8 : 75 % RDN + FA of nU 6 ml L-1 at FG and PD
	25.1
	72.2
	119.5

	T9 : 75 % RDN + FA of nU 8 ml L-1 at FG and PD
	24.9
	71.0
	115.5

	T10 : 75 % RDN + FA of nU 10 ml L-1 at FG and PD
	25.3
	69.5
	111.3

	T11 : RDF + FA of normal urea 2% at FG and PD
	27.4
	78.5
	126.2

	F test
	*
	*
	*

	S.Em. ±
	0.89
	2.49
	4.05

	C.D. @ 5%
	2.63
	7.37
	11.9


RDN: Recommended dose of nitrogen	, RDF: Recommended dose of fertilizer, nU: Nano urea	 , FG: Flowering stage
FA: Foliar application	PD: Pod development stage
The initial growth rate of pigeonpea was sluggish, as evidenced by the plant height at 90 DAS, which did not exhibit any notable variation across the treatments that received the basal recommended dose of fertilizers. The treatments that included a basal dose of 100 per cent
recommended nitrogen exhibited higher plant height compared to the treatments thatwhich included only 75 per cent of the recommended dose of nitrogen. Whereas, the treatment which
was devoid of any mineral fertilizer, i.e., the absolute control showed the lower plant height due to reduced availability of nitrogen at initial stages of establishment for growth and vigour, which was seen up to harvest. TheAfter the foliar application of normal urea at various concentrations at flowering (FG) and pod development (PD) stages showed a significant difference in the plant height. The application of nano urea as a foliar spray enhanced the nutrient availability to the plants and facilitated rapid nutrient absorption through the stomata, leading to increased chlorophyll production, photosynthetic rate, dry matter production, and thus, enhanced the growth of the plant. Thethe application of nitrogen in nano form at critical stages boosts its availability and enhances cell metabolism and divisional activities, resulting in increased plant height (Benzon et al., 2015; Kaur et al., 2015; and Rani et al., 2019).
Number of primary branches per plant
The data on the number of primary branches per plant at various growth stages of pigeonpea is presented in Table 2, where the number of branches increased as the crop growth advanced, influenced by foliar application of nano urea.
Table 2: Number of primary branches per plant at different growth stages of pigeonpea as influenced by foliar application of nano urea
	

Treatments
	Number of primary branches per plant

	
	45
DAS
	90
DAS
	135
DAS

	T1 : Absolute control
	1.01
	4.1
	6.5

	T2 : Recommended package of practice (UASB)
	1.16
	5.4
	9.6

	T3 : 100 % RDN + FA of nU 4 ml L-1 at FG and PD
	1.19
	5.8
	12.4

	T4 : 100 % RDN + FA of nU 6 ml L-1 at FG and PD
	1.17
	5.7
	9.8

	T5 : 100 % RDN + FA of nU 8 ml L-1 at FG and PD
	1.16
	5.1
	8.8

	T6 :100 % RDN + FA of nU 10 ml L-1 at FG and PD
	1.17
	4.8
	8.5

	T7 : 75 % RDN + FA of nU 4 ml L-1 at FG and PD
	1.15
	5.3
	9.4

	T8 : 75 % RDN + FA of nU 6 ml L-1 at FG and PD
	1.11
	5.1
	8.9

	T9 : 75 % RDN + FA of nU 8 ml L-1 at FG and PD
	1.10
	4.9
	8.6

	T10 : 75 % RDN + FA of nU 10 ml L-1 at FG and PD
	1.07
	4.7
	8.5

	T11 : RDF + FA of normal urea 2% at FG and PD
	1.18
	5.6
	9.7

	F test
	NS
	*
	*

	S.Em. ±
	0.03
	0.17
	0.31

	C.D. @ 5%
	-
	0.51
	0.93


RDN: Recommended dose of nitrogen	, RDF: Recommended dose of fertilizer, nU: Nano urea	 , FG: Flowering stage
FA: Foliar application	PD: Pod development stage
The count of primary branches per plant showed significant differences at 90 and 135 DAS, except at 45 DAS. The maximum increase was observed between 90 and 120 DAS.
There is no noticeable variation in the number of primary branches per plant at 45 DAS. A numericallyNumerically higher number of primary branches per plant (1.19) was observed with the treatment 100 per cent RDN with foliar application of nano urea 4 ml L-1 at flowering (FG) and pod development (PD) stage, whereas, the absolute control recorded the lower number of primary branches per plant (1.01).
The number of primary branches per plant of the plant at 90 and 135 DAS was significantly influenced by applying nano urea to the leaves during the flowering stage (FG) and pod development (PD) stages. The higher number of primary branches per plant (5.8 and 12.4, respectively) was observed with 100% RDN with foliar application of nano urea 4 ml L-1 at flower initiation (FG) and pod development (PD) stage, noticeably lower number of primary branches per plant was observed in the absolute control (4.1 and 6.5, respectively).
Number of secondary branches per plant
The number of secondary branches per plant at different stages of growth as influenced by foliar application of nano urea is presented in Table 3. Up to 90 DAS, there was no development of secondary branches because of the slow growth of pigeonpea during the initial stages. Significantly higher numbersnumber of secondary branches per plant (4.5 and 5.6) were recorded at 90 and 135 DAS with the treatment 100% RDN with foliar application of nano urea 4 ml L-1 at flower initiation (FI) and pod development (PD) stage. The lower number of secondary branches per plant (2.4 and 2.7, respectively) was recorded in the absolute control.
The lower number of branches waswere observed in the control treatment with no fertilizer, indicating that the application of fertilizer, whether prilled, nano, or a combination of both, has led to an increase in the number of branches in pigeonpea. Lampayan et al. (2010) found that
the increase in branch numbers can be attributed to the application of nitrogen fertilizer, which
serves as a crucial determinant of yield. Moro et al. (2015) observed that the number of branches increased in correlation with increasing nitrogen levels. Additionally, Benzon et al. (2015) found that the application of both conventional and nano-fertilizers significantly influenced the number of branches produced. Additionally, Kaur et al. (2015) found that a foliar spray of 2 per cent urea notably increased the branch count in pigeonpea, while Rathnayaka et al. (2018) reported that nano nitrogen fertilizer application boosted the number
of tillers in rice. Lin and Zing (2007) discovered that the enhancement in the specific surface
area and particle density of the fertilizer due to reduced particle size facilitated increased interaction, penetration, and nutrient absorption, ultimately leading to a higher number of branches.
Table 3: Number of secondary branches of plant-1 at different growth stages of pigeonpea
as influenced by the foliar application of nano urea
	

Treatments
	Number of secondary branches per plant

	
	45
DAS
	90
DAS

	T1 : Absolute control
	2.4
	2.7

	T2 : Recommended package of practice (UASB)
	3.4
	3.7

	T3 : 100 % RDN + FA of nU 4 ml L-1 at FG and PD
	4.5
	5.6

	T4 : 100 % RDN + FA of nU 6 ml L-1 at FG and PD
	4.1
	4.5

	T5 : 100 % RDN + FA of nU 8 ml L-1 at FG and PD
	3.1
	3.3

	T6 :100 % RDN + FA of nU 10 ml L-1 at FG and PD
	3.1
	3.2

	T7 : 75 % RDN + FA of nU 4 ml L-1 at FG and PD
	3.4
	3.6

	T8 : 75 % RDN + FA of nU 6 ml L-1 at FG and PD
	3.2
	3.5

	T9 : 75 % RDN + FA of nU 8 ml L-1 at FG and PD
	3.1
	3.3

	T10 : 75 % RDN + FA of nU 10 ml L-1 at FG and PD
	3.0
	3.1

	T11 : RDF + FA of normal urea 2% at FG and PD
	4.2
	4.9

	F test
	*
	*

	S.Em. ±
	0.11
	0.12

	C.D. @ 5%
	0.34
	0.38


RDN: Recommended dose of nitrogen	RDF: Recommended dose of fertilizer nU: Nano urea	 FG: Flowering stage
FA: Foliar application	PD: Pod development stage
Leaf area per plant
The information in Table 4 illustrates the influence of foliar application of nano urea on the leaf area per plant of pigeonpea. The leaf area (cm2 plant-1) signifies the plant's ability to intercept light, making it crucial for enhancing the crop's photosynthetic capacity and ultimately boosting plant growth parameters. The leaf area (cm2 plant-1) was at its lower at 45 DAS, increased as the crop aged, peaked at 135 DAS. 
The leaf area per plant was higher (114, 500 and 2856 cm2 plant-1, respectively) for treatment 100 per cent RDN with foliar application of nano urea 4 ml L-1 at flowering stage (FG) and pod development (PD) stage at 45, 90 and 135 DAS, whereas the lower value was observed for the absolute control (89, 386 and 1868 cm2 plant-1, respectively).
The leaf area per plant of pigeonpea showed a steady increase during the vegetative stage, reaching its peak at 135 DAS before gradually declining due to leaf senescence until harvest. The increase in the number of leaves per plant results in greater leaf area, which is positively correlated with light interception. Maximizing light interception leadslead to increased resource use efficiency, photosynthesis, and enhanced plant growth. Nano-form fertilizers can be easily absorbed by leaf stomata and enhance the utilization of nutrients like nitrogen, as reported by Aziz et al. (2016) in wheat. Nano-fertilizers exhibit high reactivity due to increased specific surface area, higher density, or greater reactivity of these areas on the particle surfaces, making them easier for plants to absorb (Dhoke et al., 2013).
Table 4: Leaf area (cm2 plant-1) at different growth stages of pigeonpea as influenced by foliar application of nano urea
	

Treatments
	Leaf area (cm2 plant -1)

	
	45
DAS
	90
DAS
	135
DAS

	T1 : Absolute control
	89
	386
	1868

	T2 : Recommended package of practice (UASB)
	111
	491
	2608

	T3 : 100 % RDN + FA of nU 4 ml L-1 at FG and PD
	114
	500
	2856

	T4 : 100 % RDN + FA of nU 6 ml L-1 at FG and PD
	112
	495
	2678

	T5 : 100 % RDN + FA of nU 8 ml L-1 at FG and PD
	115
	465
	2518

	T6 :100 % RDN + FA of nU 10 ml L-1 at FG and PD
	111
	453
	2453

	T7 : 75 % RDN + FA of nU 4 ml L-1 at FG and PD
	108
	486
	2587

	T8 : 75 % RDN + FA of nU 6 ml L-1 at FG and PD
	105
	482
	2541

	T9 : 75 % RDN + FA of nU 8 ml L-1 at FG and PD
	107
	462
	2498

	T10 : 75 % RDN + FA of nU 10 ml L-1 at FG and PD
	
106
	
453
	
2449

	T11 : RDF + FA of normal urea 2% at FG and PD
	110
	498
	2799

	F test
	*
	*
	*

	S.Em. ±
	
3.70
	
16.20
	
87.56

	C.D. @ 5%
	10.92
	47.99
	256.32


RDN: Recommended dose of nitrogen	RDF: Recommended dose of fertilizer nU: Nano urea	 FG: Flowering stage
FA: Foliar application	PD: Pod development stage


Total dry matter accumulation per plant
TableThe table 5 presentspresent the dry matter accumulation data at various growth stages of pigeonpea as affected by foliar application of nano urea.
There was a slight variation in the dry matter accumulation (g plant-1) at 45 DAS. Numerically higher dry matter (3.9 g plant-1) was observed in 100 per cent RDN with foliar application of nano urea 4 ml L-1 at the flowering stage (FG) and pod development (PD) stage, while the lower value was seen in the absolute control (3.1 g plant-1).
Table 5: Plant dry matter accumulation (g plant-1) at different growth stages of pigeonpea as influenced by foliar application of nano urea
	

Treatments
	Dry matter production
(g plant-1)

	
	45
DAS
	90
DAS
	135
DAS

	T1 : Absolute control
	3.1
	14.2
	78.5

	T2 : Recommended package of practice (UASB)
	3.8
	26.5
	97.1

	T3 : 100 % RDN + FA of nU 4 ml L-1 at FG and PD
	3.9
	32.3
	103.4

	T4 : 100 % RDN + FA of nU 6 ml L-1 at FG and PD
	3.8
	29.6
	99.6

	T5 : 100 % RDN + FA of nU 8 ml L-1 at FG and PD
	3.7
	23.6
	94.3

	T6 :100 % RDN + FA of nU 10 ml L-1 at FG and PD
	3.6
	22.4
	92.1

	T7 : 75 % RDN + FA of nU 4 ml L-1 at FG and PD
	3.4
	25.1
	96.6

	T8 : 75 % RDN + FA of nU 6 ml L-1 at FG and PD
	3.3
	24.1
	95.5

	T9 : 75 % RDN + FA of nU 8 ml L-1 at FG and PD
	3.3
	21.8
	93.7

	T10 : 75 % RDN + FA of nU 10 ml L-1 at FG and PD
	3.2
	19.6
	91.4

	T11 : RDF + FA of normal urea 2% at FG and PD
	3.8
	31.2
	101.9

	F test
	*
	*
	*

	S.Em. ±
	0.12
	0.85
	3.25

	C.D. @ 5%
	0.35
	2.53
	9.60


RDN: Recommended dose of nitrogen	RDF: Recommended dose of fertilizer nU: Nano urea	 FG: Flowering stage
FA: Foliar application	PD: Pod development stage
The dry matter accumulated at a slower rate up to 90 and 135 DAS where the treatment 100 per cent RDN with foliar application of nano urea 4 ml L-1 at flowering stage (FG) and pod development (PD) stage showed the higher value (32.3 and 103.4 g plant-1, respectively), which was on par with treatment RDF with foliar application of normal urea 2 per cent at flowering stage (FG) and pod development (PD) stage (31.2 and 101.9 g plant-1, respectively). Lower value was observed for the absolute control (14.2 and 78.5 g plant-1, respectively).
The adequate supply of nitrogen led to increased metabolic activities in the plant, promoting the accumulation of dry matter in the leaves. Foliar application resulted in an extended period of active photosynthesis, contributing to overall plant growth in terms of dry matter accumulation (Saakshi et al., 2020). The higher nutrient use efficiency of nano urea is expected to further enhance growth and dry matter production, which has been supported by similar findings in rice crop (Midde et al., 2022).
Days to 50 per cent flowering
The data presented in Table 6 shows the days taken to 50 per cent flowering;, there were no significant differences observed between the treatments as a result of foliar application of nano urea in pigeonpea. However, 50 per cent flowering was observed to occur between 132 andto 134 DAS in pigeonpea.
Table 6: Days taken to 50 per cent of flowering in pigeonpea as influenced by foliar application of nano urea
	
Treatments
	
Days taken to 50 % flowering

	T1 : Absolute control
	131

	T2 : Recommended package of practice (UASB)
	133

	T3 : 100 % RDN + FA of nU 4 ml L-1 at FG and PD
	133

	T4 : 100 % RDN + FA of nU 6 ml L-1 at FG and PD
	133

	T5 : 100 % RDN + FA of nU 8 ml L-1 at FG and PD
	134

	T6 :100 % RDN + FA of nU 10 ml L-1 at FG and PD
	134

	T7 : 75 % RDN + FA of nU 4 ml L-1 at FG and PD
	133

	T8 : 75 % RDN + FA of nU 6 ml L-1 at FG and PD
	133

	T9 : 75 % RDN + FA of nU 8 ml L-1 at FG and PD
	134

	T10 : 75 % RDN + FA of nU 10 ml L-1 at FG and PD
	134

	T11 : RDF + FA of normal urea 2% at FG and PD
	132

	F test
	NS

	S.Em. ±
	4.56

	C.D. @ 5%
	-


RDN: Recommended dose of nitrogen	RDF: Recommended dose of fertilizer nU: Nano urea	 FG: Flowering stage
FA: Foliar application	PD: Pod development stage
No significant difference was observed in the number of days to reach 50 per cent flowering. The flowering stage represents a critical phase in the development of pigeonpea, where a decrease in nitrogen fixation occurs. Utilizing nano urea to supplement nitrogen can mitigate nutrient deficiencies, ultimately enhancing yield parameters and grain yield. The extended number of days to 50 percent flowering may be attributed to the absence of nutrient deficiency and efficient nitrogen supply to the crop, resulting in better vegetative growth. Similar findings were reported by Khan et al. (1999) in pigeonpea.
CONCLUSION
The field experiment conducted during Kharif 2023 clearly indicated that foliar application of nano urea had a pronounced and positive influence on the growth dynamics of pigeonpea. Among the treatments, application of 100 per cent recommended dose of nitrogen along with foliar spray of nano urea at 4 ml L⁻¹ at flowering and pod development stages consistently recorded superior plant height, number of primary and secondary branches, leaf area, and total dry matter accumulation compared to the absolute control and other nano urea concentrations. The enhanced growth can be attributed to efficient foliar absorption of nano-sized nitrogen particles, improved nitrogen availability during critical reproductive stages, increased chlorophyll synthesis, higher photosynthetic efficiency, and prolonged vegetative activity. Lower concentrations of nano urea proved more effective than higher doses, indicating an optimum requirement for maximizing growth benefits. The performance of nano urea treatments was comparable to foliar application of 2 per cent normal urea, highlighting the potential of nano nitrogen fertilizers in improving nitrogen use efficiency. Overall, the study concludes that foliar application of nano urea at 4 ml L⁻¹ in combination with the recommended basal nitrogen is an effective and sustainable nutrient management strategy for enhancing growth of pigeonpea, with potential benefits in reducing fertilizer losses, improving resource use efficiency, and promoting environmentally sustainable pigeonpea production.
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