



Agronomic Response of Pigeonpea [Cajanus cajan (L.) Millsp.] to Nano and Conventional Urea Fertilization

ABSTARCT
Nano urea, a recently developed nano-fertilizer, has emerged as a promising alternative to conventional urea due to its higher surface area, controlled nutrient release and improved absorption efficiency leading to higher productivity and profitability of pigeonpea. A field experiment was conducted during Kharif 2023 at the ZARS, UAS, GKVK, Bengaluru, Karnataka. The experiment was laid out in a Randomized Complete Block Design with eleven treatments comprising different levels of recommended dose of nitrogen (RDN) combined with foliar application of nano urea (4, 6, 8 and 10 ml L⁻¹) at flowering and pod development stages, along with recommended fertilizer dose and foliar application of normal urea (2%) and an absolute control. Results revealed that application of 100 per cent RDN along with foliar spraying of nano urea at 4 ml L-1 at flowering and pod development stages recorded the higher number of pods per plant (81.1), pod length (8.50 cm), pod weight (84.3 g plant-1), seed weight (60.6 g plant-1), stalk weight (151.9 g plant-1), seed yield (1045 kg ha-1) and stalk yield (4102 kg ha-1), which was statistically comparable with foliar application of normal urea (2%) along with recommended fertilizer dose. Whereas the lower yields were observed in the absolute control. Economic analysis indicated that the higher gross returns (₹ 80,426 ha-1) and net returns (₹ 40,824 ha-1) were obtained with 100 per cent RDN combined with foliar application of nano urea at 4 ml L-1, while the maximum benefit cost ratio (2.05) was recorded with recommended fertilizer dose plus foliar application of normal urea (2%). The study concludes that foliar application of nano urea at 4 ml L-1 in combination with soil-applied nitrogen is an effective and sustainable nutrient management strategy for enhancing productivity and profitability of pigeonpea under field conditions.
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1. INTRODUCTION
Pigeonpea (Cajanus cajan (L.) Millsp.) is one of the most important grain legume crops of the semi-arid tropics, particularly in India, where it plays a vital role in food security, nutritional improvement and sustainable farming systems. It is a major source of plant-based protein and contributes significantly to soil fertility through biological nitrogen fixation. Despite its importance, the productivity of pigeonpea remains relatively low due to poor soil fertility, imbalanced nutrient management and suboptimal fertilizer use, especially nitrogen (Sarkar et al., 2020)
Although pigeonpea is a leguminous crop capable of fixing atmospheric nitrogen, an adequate supply of nitrogen during the early growth stages is essential for vigorous vegetative growth, root development and establishment before effective nodulation occurs (Reinprecht et al., 2020). Conventional urea has been widely used as a nitrogen source in pigeonpea cultivation. However, its low nitrogen use efficiency, rapid volatilization, leaching losses and environmental concerns often limit its effectiveness. These challenges necessitate the exploration of innovative nitrogen management strategies that can enhance nutrient use efficiency while minimizing losses.

Nano urea, a recently developed nano-fertilizer, has emerged as a promising alternative to conventional urea due to its higher surface area, controlled nutrient release and improved absorption efficiency. It is designed to supply nitrogen in smaller quantities with greater precision, potentially reducing fertilizer input requirements and environmental impacts (Kumar et al., 2023).
Pigeonpea is primarily grown in less fertile marginal lands, leading to a deficiency in mineral nutrients that hinders nitrogen fixation and reduces yield. Both major and micronutrients play crucial roles in nodulation, and fertilizers are typically applied in basal doses for this long- duration crop. However, nutrient loss over time results in deficiency during critical growth stages. Moreover, excessive use of nitrogen fertilizers can impede pulse nodulation, but foliar spraying of nano urea at crucial stages offers a sustainable alternative to address this issue (Girigoud et al., 2023).
Understanding the comparative effects of nano and conventional urea on yield attributes and overall productivity of pigeonpea is crucial for developing efficient and sustainable nutrient management practices. Therefore, the present study was undertaken to evaluate the agronomic response of pigeonpea to nano and conventional urea fertilization, with a focus on yield components, productivity and profitability under field conditions.
2. MATERIAL AND METHODS
1.1 Study Area
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 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).
2.2   Experimental Details
The experiment was laid out on Randomized Complete Block Design with eleven treatments, replicated thrice summing up to 33 plots. Bunds of 30 cm width and height were 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 sowing and 7.5 tonnes of FYM ha-1 at the time of last ploughing. Seeds were treated with 24 g sodium molybdate and 500 g of UASB microbial consortia.

After the previous crop was harvested, the ground was ploughed, followed by two harrowing. The field was prepared to a good seedbed for sowing. The variety Bangalore Red Gram-3: medium duration (160-170 days), indeterminate and semi spreading type recommended and cultivated in the states of Karnataka and Andhra Pradesh was used. The special character of the variety is resistance to wilt and sterility mosaic disease. 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 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. The crop was irrigated next day for uniform germination. Intercultivation was done to provide aeration as well as to remove weeds from the field in order to check crop weed competition. Randomly five plants were selected and tagged from the net plot area at physiological maturity and used for recording various yield components and seed yield.

2.3   Statistical Analysis
The experimental data recorded on growth, yield and soil parameters were subjected to Fisher’s method of “Analysis of Variance” (ANOVA) as outlined by Panse and Sukhatme (1954). For comparison between the treatment means, an appropriate value of critical difference (CD) was worked out wherever F-test was significant. All the data was analysed, and the results are presented and discussed at 5 per cent probability level.
RESULTS AND DISCUSSION
Yield parameters of pigeonpea
Yield parameters viz. number of pods plant1, pod yield plant-1 (g), grain yield plant-1 (g), stalk yield plant-1 (g), shelling percentage (%), 100 seed / test weight (g), grain yield, stalk yield and harvest index as influenced by foliar application of nano urea in pigeonpea, is depicted in Table 1 and 2.
Among the various treatments, 100 per cent RDN with foliar application of nano urea 4 ml L-1 at flowering stage and pod development stage recorded significantly higher number of pods per plant (81.1), pod length (8.50 cm), pod weight (84.3 g plant-1), seed weight (60.6 g plant-1) and stalk weight (151.9 g plant-1) which was statistically on par with the treatment RDF with foliar application of  2 % normal urea at flowering stage and pod development stage (78.4, 8.42 cm, 82.6 g plant-1, 56.4 g plant-1 and 147.2 g plant-1, respectively). However, the lower number of pods per plant (62.6), pod length (7.08 cm), pod weight (65.6 g plant-1), seed weight (43.3 g plant-1) and stalk weight (119.0 g plant-1) was obtained with the absolute control. A perusal of data depicted in Table 1 reveals that foliar application of nano urea did not show significant difference in number of seeds per pod, shelling percentage and test weight of pigeonpea.
The utilization of nano urea especially at reproductive stage led to an augmentation in leaf area, resulting in enhanced light interception, thereby boosting photosynthetic efficiency and promoting increased dry matter accumulation, ultimately leading to a higher number of pods per plant, pod length, pod weight, seed weight and stalk weight. Mineral nutrient supply has a positive impact on the supply of photosynthates and the number of sink organs as observed by Michael and Beringer in 1980. Similarly, Sharifi et al. (2018) found that the application of water-soluble fertilizers during the flowering stage in soybean led to a higher number of yield attributes. The foliar application of nano urea ensured sufficient nitrogen availability during key growth stages, leading to an increase in yield attributes due to its attributing factors (Khalil et al., 2019; Midde et al., 2022).

Productivity of pigeonpea
The seed and stalk yield varied significantly among various treatments where the treatment 100 per cent RDN with foliar application of nano urea 4 ml L-1 at flowering and pod development stage recorded higher economic yield (1045 kg ha-1) and stalk yield (4102 kg ha-1). It was on par with RDF with foliar application of normal urea 2 per cent at flowering and pod development stage. The treatment 100 per cent RDN with foliar application of nano urea 6 ml L-1 at flowering and pod development stage recorded higher economic yield (1010 and 962 kg ha-1, respectively) and stalk yield (3893 and 3872 kg ha-1, respectively).The lower seed yield and stalk yield was obtained with the control treatment (725 and 3302 kg ha-1, respectively).

The notable rise in grain yield resulting from the use of nano-urea can be attributed to the combined use of traditional fertilizer as basal application, coupled with the split application of nano-urea sprayed on the plant surface. This can be attributed to increase in the yield attributes of pigeonpea that will be presented in following paragraphs. Enhanced photosynthetic activity and nutrient uptake through foliar nutrition at critical crop growth stages led to elevated plant dry matter production during the pod setting phase, potentially improving pod development, increasing the number of pods per plant, and ultimately contributing to higher productivity.
Benzon et al. (2015) found that nano fertilizers had a positive effect on nutrient uptake by plant cells, resulting in optimal growth and increased photosynthates production. The combined application of normal urea and nano urea ensured nutrient availability throughout the crop period, leading to increased biomass and higher yield. The combined application of basal dose of fertilizers and foliar application of normal urea and nano urea in this experiment enhanced nutrient availability throughout the crop period, particularly during critical stages, leading to increased biomass, decreased flower drop, and improved yield attributing characters. Additionally, there was an amplified translocation of assimilates to seeds, resulting in an overall increase in pigeonpea yield compared to using only RDF. Similar findings were reported by Kumar et al. (2020) in chickpea and blackgram.

The harvest index of pigeonpea varied from 0.18 to 0.21, with the influence of nano urea on pigeonpea harvest index being deemed non-significant. However, a marginal rise in the harvest index was noted in treatments with nano urea application. Notably, the application of 100 per cent RDN through urea and foliar application of 4 ml L-1 nano urea resulted in enhanced harvest index, leading to increased economic and biological yields in greengram (Saitheja et al., 2022).

Table 1: Yield attributes of pigeonpea as influenced by foliar application of nano and normal urea

	Treatments
	Pods Plant-1
	Pod length

(cm)
	Seeds pod-1
	Pod weight
(g plant-1)
	Seed weight
(g plant-1)
	Stalk weight
(g plant-1)
	Shelling percentage
	Test weight
(g per 100
seeds)

	T1:  RDF (Absolute control)
	62.6
	7.08
	4.0
	65.6
	43.3
	119.0
	66.00
	13.9

	T2:  Recommended package of practice (UASB)
	75.9
	7.90
	4.4
	80.4
	53.5
	135.8
	66.54
	14.7

	T3: 100 % RDN + FA of nU 4 ml L-1at FG and PD
	81.1
	8.50
	4.6
	84.3
	60.6
	151.9
	71.88
	14.9

	T4: 100 % RDN + FA of nU 6 ml L-1 at FG and PD
	76.1
	8.20
	4.5
	81.5
	54.4
	138.9
	66.74
	14.8

	T5: 100 % RDN + FA of nU 8 ml L-1 at FG and PD
	73.2
	7.74
	4.2
	77.8
	48.8
	128.4
	62.72
	14.5

	T6:100 % RDN + FA of nU 10 ml L-1at FG and PD
	72.4
	7.57
	4.1
	72.6
	47.2
	124.5
	65.01
	14.4

	T7: 75 % RDN + FA of nU 4 ml L-1 at FG and PD
	75.2
	7.84
	4.4
	79.6
	52.7
	132.2
	66.20
	14.7

	T8: 75 % RDN + FA of nU 6 ml L-1 at FG and PD
	74.6
	7.80
	4.4
	79.1
	52.2
	130.6
	65.99
	14.7

	T9: 75 % RDN + FA of nU 8 ml L-1 at FG and PD
	71.8
	7.61
	4.1
	72.1
	47.0
	124.2
	65.18
	14.4

	T10: 75% RDN + FA of nU 10 ml L-1 at FG and PD
	71.4
	7.20
	4.1
	70.3
	46.5
	123.2
	66.14
	14.3

	T11:  RDF + FA of normal urea 2% at FG and PD
	78.4
	8.42
	4.5
	82.6
	56.4
	147.2
	68.28
	14.8

	F Test
	*
	*
	NS
	*
	*
	*
	NS
	NS

	S.E.m ±
	2.53
	0.26
	0.14
	2.63
	1.76
	4.53
	2.28
	0.49

	CD @ 5%
	7.49
	0.78
	-
	7.76
	5.19
	13.39
	-
	-


RDN: Recommended dose of nitrogen
RDF: Recommended dose of fertilizer nU: Nano urea

FG: Flowering stage

FA: Foliar application
PD: Pod development stage
Table 2: Grain yield, stalk yield and harvest index of pigeonpea as influenced by foliar application of nano and normal urea

	Treatments
	Seed yield (kg ha-1)
	Stalk yield (kg ha-1)
	Harvest index

	T1 : Absolute control
	725
	3302
	0.180

	T2 : Recommended package of practice (UASB)
	936
	3815
	0.197

	T3 : 100 % RDN + FA of nU 4 ml L-1 at FG and PD
	1045
	4102
	0.203

	T4 : 100 % RDN + FA of Nu 6 ml L-1at FG and PD
	962
	3872
	0.199

	T5 : 100 % RDN + FA of nU 8 ml L-1 at FG and PD
	883
	3622
	0.196

	T6 :100 % RDN + FA of Nu 10 ml L-1 at FG and PD
	868
	3583
	0.195

	T7 : 75 % RDN + FA of nU 4 ml L-1 at FG and PD
	911
	3447
	0.209

	T8 : 75 % RDN + FA of nU 6 ml L-1 at FG and PD
	891
	3413
	0.207

	T9 : 75 % RDN + FA of nU 8 ml L-1 at FG and PD
	879
	3429
	0.204

	T10 : 75 % RDN + FA of nU 10 ml L-1 at FG and PD
	855
	3377
	0.202

	T11 : RDF + FA of normal urea 2% at FG and PD
	1010
	3893
	0.206

	F test
	*
	*
	NS

	S.Em. ±
	31.23
	124.03
	0.006

	C.D. @ 5%
	92.14
	365.90
	-


RDN: Recommended dose of nitrogen
RDF: Recommended dose of fertilizer nU: Nano urea
 FG: Flowering stage

FA: Foliar application                                            PD: Pod development stage
Profitability of pigeonpea
Table 3 presents the impact of foliar application of nano and normal urea on the gross returns, net returns and B:C ratio of pigeonpea.
Gross and Net returns
The quantity of seeds produced is critical in achieving greater financial gains. Maximum gross returns of ₹ 80426 ha-1, net returns of ₹ 40824 ha-1 and as recorded with 100 per cent RDN with foliar application of nano urea 4 ml l-1 at flower initiation and pod development stage, followed by RDF with foliar application of normal urea 2 per cent at flowering and pod development stage (₹ 77696 ha-1 and ₹ 39782 ha-1, respectively). However, the absolute control recorded minimum gross returns of ₹ 56026 ha-1 and net returns of ₹ 22472 ha-1. Higher gross return in T3 is due to the higher grain and stover yields by the application of nano urea. These findings are in conformation with the findings of Manikandan and Subramanian (2016).
Benefit cost ratio (B: C ratio)

Higher B: C ratio of 2.05 was recorded in RDF with foliar application of 2 per cent normal urea at flowering and pod development stage, followed by 100 per cent RDN with foliar application of nano urea 4 ml L-1 at flowering and pod development stage (2.03). The minimum B: C ratio (1.62) was recorded with absolute control.

The treatment combining nano urea with soil application of nitrogen fertilizer resulted in a higher B: C ratio due to its lower cultivation cost and higher gross and net returns. While, soil application of fertilizers was cost-effective, it led to nutrient losses and limited availability, resulting in lower yield levels compared to foliar spraying of fertilizers.

In the context of precise nutrient management, the foliar application of nano urea resulted in lower net returns and B: C ratio. However, it proved to be effective in enhancing the growth, yield, and quality of pigeonpea. Additionally, it could serve as a sustainable alternative to traditional soil-applied fertilizers, minimizing losses and environmental pollution.
Table 3: Profitability of pigeonpea cultivation as influenced by foliar application of nano and normal urea
	Treatments
	Cost of cultivation
(₹ ha-1)
	Gross returns
(₹ ha-1)
	Net returns
(₹ ha-1)
	B:C
ratio

	T1 : Absolute control
	33554
	56026
	22472
	1.62

	T2 : Recommended package of practice (UASB)
	37102
	72107
	35005
	1.94

	T3 : 100 % RDN + FA of nU 4 ml L-1 at FG and PD
	39602
	80426
	40824
	2.03

	T4 : 100 % RDN + FA of nU 6 ml L-1 at FG and PD
	40502
	74086
	33584
	1.82

	T5 : 100 % RDN + FA of nU 8 ml L-1 at FG and PD
	41402
	68036
	26634
	1.64

	T6 :100 % RDN + FA of nU 10 ml L-1at FG and PD
	42302
	66891
	24589
	1.58

	T7 : 75 % RDN + FA of nU 4 ml L-1 at FG and PD
	39535
	70048
	30513
	1.77

	T8 : 75 % RDN + FA of nU 6 ml L-1 at FG and PD
	40435
	68531
	28096
	1.69

	T9 : 75 % RDN + FA of nU 8 ml L-1 at FG and PD
	41335
	67639
	26304
	1.63

	T10 :75 % RDN + FA of nU 10 ml L-1 at FG and PD
	42235
	65813
	23578
	1.56

	T11 : RDF + FA of normal urea 2% at FG and PD
	37914
	77696
	39782
	2.05


RDN: Recommended dose of nitrogen
RDF: Recommended dose of fertilizer nU: Nano urea

FG: Flowering stage

FA: Foliar application
PD: Pod development stage
CONCLUSION
The present investigation clearly demonstrated that foliar application of nano urea, in conjunction with soil-applied nitrogen, significantly enhances the agronomic performance, productivity and economic returns of pigeonpea. Application of 100 per cent recommended dose of nitrogen combined with foliar spraying of nano urea at 4 ml L⁻¹ during flowering and pod development stages resulted in superior yield attributes, including higher number of pods per plant, pod length, pod weight, seed weight and stalk weight, leading to maximum grain and stalk yields. The improved performance can be attributed to enhanced nitrogen availability at critical reproductive stages, improved photosynthetic efficiency and efficient translocation of assimilates to developing pods. Nano urea treatments exhibited a marginal improvement over the control. Economically, the nano urea based nutrient management approach recorded higher gross and net returns and remained comparable to foliar application of conventional urea in terms of benefit cost ratio. The integration of nano urea with conventional fertilization emerges as a viable and sustainable nitrogen management strategy for pigeonpea, offering improved yield, better nutrient use efficiency and reduced reliance on excessive soil-applied fertilizers under field conditions.
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