Enhancing Productivity of Blackgram through Nano Urea-Based Nutrient Management under Rainfed Conditions

ABSTRACT
Pulses are an essential source of dietary protein, vitamins, minerals, and fibre, contributing significantly to nutritional security, particularly in vegetarian diets. Blackgram (Vigna mungo L.), one of the most important pulse crops in India, plays a vital role in food and nutritional security but its productivity is constrained by nutrient limitations, especially under rainfed conditions. However, information on optimal combinations of basal nitrogen and nano urea application timings for blackgram under rainfed conditions is still scarce. Efficient nutrient management, particularly through foliar application, is vital for sustaining growth and yield. To evaluate the effect of nano urea on blackgram, a field experiment was conducted at the Agricultural College and Research Institute, Kudumiyanmalai, Tamil Nadu, using blackgram variety CO 8. The study was laid out in a randomized block design with seven treatments involving different combinations of basal nitrogen and foliar sprays of nano urea at 30 and 45 days after sowing (DAS). Results revealed that 75% basal application of nitrogen along with foliar spray of nano urea at 30 and 45 DAS (T6) significantly improved plant height, dry matter production, leaf area index, pods per plant, pod length, seeds per pod, and 100-seed weight. This treatment also recorded the highest grain yield (860 kg ha⁻¹), which was superior to the recommended dose of fertilizer alone. The findings emphasize the potential of nano urea in enhancing yield attributes and grain yield, thereby offering a sustainable strategy for blackgram production under rainfed conditions. These findings not only offer a sustainable strategy for blackgram production but also support efforts to reduce conventional fertilizer use and enhance national food and nutritional security.
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1. INTRODUCTION
Pulses are a vital source of high-quality protein, essential amino acids, vitamins, minerals, and dietary fibre, forming an integral part of vegetarian diets. Compared to cereals, pulses such as black gram (Vigna mungo L.) are richer in lysine but relatively deficient in sulphur-containing amino acids like methionine and cysteine. When combined with cereals, they provide a balanced amino acid profile, making them nutritionally indispensable (Ofuya, Z. M. & Akhidue, V.,2005). In addition, pulses have a low glycemic index, further enhancing their dietary importance, especially in India, where they serve as a major source of plant-based protein (Didinger et al., 2022). Blackgram, also known as urd bean, is an important grain legume of the family Fabaceae. Believed to have originated in the Indian subcontinent, it is grown in Kharif, Rabi, and summer seasons across India and in parts of Southeast Asia, Africa, and the Mediterranean region. Its seeds contain approximately 25-26% protein, 1-1.5% fat, 62-65% carbohydrates, 3.5-4.5% fibre, and significant quantities of calcium, iron, potassium, and phosphorus. With its nutritional richness and culinary versatility in foods such as dal, curries, idly, and dosa, blackgram holds a unique place in Indian agriculture and diets. India alone accounts for nearly 70% of global blackgram production, with major producing states including Madhya Pradesh, Uttar Pradesh, Punjab, Maharashtra, Andhra Pradesh, and Tamil Nadu. However, productivity is constrained by poor soil fertility, moisture stress, pest and disease incidence, and suboptimal nutrient management, particularly under rainfed conditions.
Being a short-duration, indeterminate flowering crop, blackgram has a high nutrient demand during both vegetative and reproductive stages. Soil application alone often fails to meet this requirement, especially under moisture-limited conditions. Foliar feeding offers an efficient means to supply nutrients directly to the leaves, ensuring timely uptake and improved yield and seed quality (Latha et al., 2003; Soumya & Nawalagatti 2024; Thakur et al., 2017). Among nutrients, nitrogen (N) and phosphorus (P) are especially critical-N supports vegetative growth and protein synthesis, while P is essential for root development, nodulation, and energy transfer processes that sustain biological nitrogen fixation. Phosphorus deficiency, which affects 30-40% of global arable land, is a major constraint to productivity (Malhotra et al., 2018). Nanotechnology provides innovative solutions to these challenges. Nano fertilizers-nutrients engineered at the 1-100 nm scale-possess high surface area, enhanced reactivity, and controlled nutrient-release properties, which improve nutrient use efficiency and minimize losses (Raliya et al., 2013). They can increase efficiency up to threefold, reduce fertilizer input requirements, improve crop tolerance to abiotic stress, and enhance yields (Rai et al., 2012; Kantwa et al., 2022). Among them, nano urea, developed by IFFCO, contains nitrogen particles with ~10,000 times greater surface area than conventional urea. Applied as a foliar spray, it penetrates through stomata and cuticle, releasing nitrogen directly into cells and reducing environmental losses.
Recent studies have highlighted the potential of nano fertilizers in blackgram. Nandhakumar et al. (2024) reported that nano urea application improved growth, yield, and nutrient uptake under pot culture. Pandey et al. (2025) demonstrated that foliar sprays of nano urea and nano DAP, combined with reduced soil-applied fertilizers, significantly enhanced yield, nutrient uptake, and soil fertility. Similarly, a field investigation confirmed that foliar nano urea application increased yield attributes compared with farmers’ practices. Beyond nutrient management, nanomaterials have also been shown to enhance stress tolerance. Abinaya et al. (2025) found that seed priming and foliar application of peanut-shell carbon dots improved physiological performance and drought tolerance in blackgram. These findings underscore the role of nano fertilizers in achieving sustainable and resource-efficient pulse production. Their ability to reduce input use, minimize nutrient losses, and improve crop productivity makes them a promising technology for blackgram cultivation under rainfed conditions. In light of the above, a field investigation was conducted to study the effect of nano urea on yield and yield attributes of blackgram.
2. MATERIALS AND METHODS
A field experiment was conducted under sandy loam soil conditions of the Vayalogam soil series at the Agricultural College and Research Institute, Kudumiyanmalai, Pudukkottai district, Tamil Nadu, using blackgram (Vigna mungo L.) variety CO 8 as the test crop. The experimental site is located at an elevation of 133 m above mean sea level, at 10°40′ N latitude and 78°67′ E longitude.
The experiment was laid out in a Randomized Block Design (RBD) with three replications. Blackgram CO 8 seeds were line-sown at a depth of 2-3 cm in unit plots of 5 m² (2.5 × 2 m), maintaining a spacing of 30 cm between rows and 10 cm between plants. Seven treatments were evaluated (Table 1). Fertilizer application was carried out as per the treatment schedule. The recommended dose of nitrogen, phosphorus, and potassium (25:50:25 kg ha-1) was supplied through urea, single superphosphate (SSP), muriate of potash (MOP), and nano urea (IFFCO). Entire phosphorus and potassium were applied as basal at sowing, while nitrogen was applied either as basal or through foliar sprays of nano urea (4 ml L-1) at flower initiation and pod development stages (30 and 45 DAS).
The initial soil sample was analyzed for chemical properties and found to be nearly slightly acidic in reaction (pH 6.32), non-saline (EC 0.79 dS m-1), low in organic carbon (4.2 g kg-1), low in available nitrogen (125.4 kg ha-1), but high in available phosphorus (33.04 kg ha-1) and potassium (263.98 kg ha-1). At harvest, plant height was recorded from five randomly tagged plants by measuring from ground level to the base of the fully expanded top leaf. Biometric observations were taken at 30-day intervals. Grain and straw yield were recorded at harvest. Nutrient uptake of major nutrients was calculated using standard formulae. The experimental data were analyzed using Fisher’s method of analysis of variance (ANOVA) as outlined by Gomez and Gomez (1984). The level of significance was tested at P = 0.05, and Critical Difference (CD) values were computed wherever the F test was found significant
Table 1. Treatment Details
	Treatments
	Details

	T1
	Recommended fertilizer application

	T2
	50% basal N + Nano urea foliar spray @ 30 DAS

	T3
	75% basal N + Nano urea foliar spray @ 30 DAS

	T4
	100% basal N + Nano urea foliar spray @ 30 DAS

	T5
	50% basal N + FS Nano urea @ 0.4% at 30 DAS & 45 DAS

	T6
	75% basal N + FS Nano urea @ 0.4% at 30 DAS & 45 DAS

	T7
	100% basal N + FS Nano urea @ 0.4% at 30 DAS & 45 DAS




3. RESULTS AND DISCUSSION
3.1. Effect of Nano urea on yield and yield attributes of Black gram 
3.1.1. Plant height
A progressive increase in plant height was observed from 30 days after sowing (DAS) to harvest across all treatments. Among the nutrient management practices, the application of 75% basal nitrogen combined with foliar application of nano urea at 30 and 45 DAS (T6) resulted in significantly higher plant height, recording 17.4, 26.8, and 39.2 cm at 30 DAS, 45 DAS, and harvest, respectively. This treatment outperformed all other nutrient management options. In contrast, the recommended dose of fertilizers applied alone (T1) recorded the lowest plant height values of 13.5, 19.0, and 30.8 cm at the corresponding stages. The significant improvement in plant height under T6 can be attributed to the synergistic effect of basal application of conventional fertilizers along with nano urea foliar sprays. Nano urea, due to its nano-scale size, is efficiently absorbed through the stomata, ensuring rapid nutrient uptake. This enhanced nutrient availability supported chlorophyll synthesis, photosynthetic efficiency, dry matter accumulation, enzyme activation, and auxin metabolism. These physiological improvements facilitated greater cell enlargement and elongation, ultimately resulting in enhanced plant height.
Similar findings on the role of nano urea in improving plant growth have been reported in broad bean (Abd Alqader et al., 2020), maize (Yasser et al., 2020; Mallikarjuna, 2021), pearl millet (Sharma et al., 2021), rice (Midde et al., 2022; Gaurav and Chaturvedi, 2023), sorghum (Balachandar et al., 2023), and blackgram (Islam et al., 2023; Nandhakumar et al., 2024).


Fig.1. Effect of nano urea on Plant height (cm) at different growth stages of blackgram

3.1.2. Leaf area index (LAI).
The leaf area index (LAI) at 30 and 45 days after sowing (DAS) was not significantly influenced by varying nitrogen levels and foliar application of nano urea. However, the treatment comprising 75% basal nitrogen with foliar application of nano urea at 30 and 45 DAS (T6) consistently recorded the highest LAI values of 1.55, 2.50, and 2.90 at 30 DAS, 45 DAS, and harvest, respectively. In contrast, the lowest values were observed under the recommended dose of fertilizers applied alone (T1), which registered 1.15, 1.85, and 1.95 at the respective growth stages. These results corroborate earlier reports in blackgram (Sharad 2022; Manjunath et al., 2025), maize (Mallikarjuna, 2021), little millet (Rajput et al., 2022), finger millet (Samanta et al., 2022), rice (Bhargavi and Sundari, 2023), and sesame (Singh et al., 2025), where combined application of basal nitrogen and foliar nano fertilizers enhanced LAI. The improvement has been attributed to an enhanced nitrogen status in plants and delayed leaf senescence. An increased LAI favours higher photosynthetic efficiency, which in turn contributes to greater biomass accumulation and improved yield potential.
3.1.3. Dry Matter Production
Dry matter accumulation in blackgram increased progressively from 30 DAS to harvest and was significantly influenced by the nutrient management practices. The maximum dry matter production was recorded in T6 (75% basal nitrogen + nano urea foliar spray at 30 and 45 DAS), which registered 9.95, 17.70, and 27.70 g plant-1 at 30 DAS, 45 DAS, and harvest, respectively. These values were markedly superior to those observed under T1 (RDF alone), which produced only 1.6, 4.6, and 7.8 g plant-1 at the corresponding stages. The greater dry matter accumulation under integrated use of basal nitrogen and nano urea demonstrates the efficiency of this practice in enhancing nitrogen uptake and its assimilation into plant biomass. This observation is consistent with the findings of (Sheershwal et al., 2025), who emphasized the pivotal role of nano fertilizers as facilitators of nutrient absorption and metabolic assimilation. Enhanced dry matter production is of critical importance, as it underpins the crop’s source strength and its capacity to support grain filling during the reproductive phase.


Fig.2.Effect of nano urea on the dry matter production at different growth stages of blackgram
3.1.4. Pods per plant, pod length, seeds per pod, and 100-seed weight
The data presented in Table 2 indicate that yield attributes, namely the number of pods per plant, pod length, seeds per pod, and 100-seed weight, were significantly influenced by nutrient management practices. The treatment involving 75% basal nitrogen combined with foliar application of nano urea at 30 and 45 DAS (T6) recorded the highest values, with 35.6 pods plant-1, 4.92 cm pod length, 6.9 seeds pod-1, and a test weight of 4.33 g, all of which were significantly superior to the other treatments. Notably, treatments involving reduced basal nitrogen supplemented with nano urea foliar sprays also outperformed the recommended dose of fertilizers applied alone (T1), highlighting the efficiency of nano urea in sustaining reproductive growth. The combined application of basal nitrogen through conventional urea and foliar-applied nano urea markedly improved yield attributes compared to conventional urea alone. This improvement can be attributed to the direct nutrient supply via foliar feeding, enhanced nutrient availability, and efficient uptake facilitated by nano-sized particles. Moreover, foliar application of nano urea likely promoted flower initiation and fertilization by accelerating sugar transport from source tissues to developing sink organs during the reproductive phase. These results are consistent with earlier findings in different crops, where nano urea application significantly improved yield attributes (Hassan and Lehmood, 2019; Magar et al., 2025; Upadhyay et al., 2023; Islam et al., 2023).
Table 2. Effect of nano urea on the pods per plant, pod length, seeds per pod, 
100 seed weight
	Treatments
	Pods plant-1
	Pod length (cm)
	Seeds pod-1
	100-seed weight (g)

	T1
	26.5
	4.42
	6.2
	4.12

	T2
	29.4
	4.55
	6.3
	4.18

	T3
	31.4
	4.67
	6.4
	4.22

	T4
	33.5
	4.80
	6.7
	4.26

	T5
	33.0
	4.79
	6.6
	4.25

	T6
	35.6
	4.92
	6.9
	4.33

	T7
	33.2
	4.81
	6.7
	4.27

	Mean
	31.8
	4.71
	6.5
	4.23

	SEd.
	0.62
	0.045
	0.048
	0.022

	CD (P=0.05)
	1.72
	0.12
	0.14
	0.06




3.1.5. Grain yield 
The grain yield of blackgram was significantly increased by nutrient management practices. The highest grain yield (860 kg ha-1) was recorded in T6 (75% basal N + foliar spray of nano urea at 30 and 45 DAS), which was significantly superior to all other treatments. This was followed by T7 (100% basal N + foliar spray of nano urea at 30 and 45 DAS) with 845 kg ha-1. The lowest yield (567 kg ha-1) was obtained under T1 (recommended dose of fertilizer alone). The enhanced grain yield in nano urea treatments was associated with higher numbers of mature pods per plant, higher 100 seed weight and number of seeds per pod. Grain yield improvement can also be attributed to foliar-applied nano urea, which reduced chlorophyll degradation, maintained leaf nitrogen status and enhanced photosynthetic efficiency during critical growth stages. These findings are in similar with Nagar (2022), Verma et al. (2022), and Islam et al. (2023), who also reported that nano urea enhances pulse yields by ensuring precise and demand-driven nutrient supply. 


Fig.3.Effect of nano urea on the Grain yield
4. CONCLUSION
The study demonstrates that integrating basal nitrogen with foliar application of nano urea significantly enhances growth, yield attributes, and productivity of blackgram under rainfed conditions. This improvement stems from better nutrient uptake efficiency, minimized nutrient losses, and enhanced physiological performance, making nano urea a promising and sustainable alternative to conventional fertilizers. Moving forward, universities and research institutions should play a key role in community outreach by organizing farmer training programs and on-field demonstrations to ensure practical understanding and adoption of nano urea technologies. Future research must also focus on comprehensive impact assessments examining long-term soil health, effects on pollinators and beneficial insects, and potential implications for farmer health and safety. Integrative studies that evaluate nano urea not only as a productivity enhancing mechanism for legumes but also as a socially and economically viable solution for smallholder farmers are essential. Emphasizing the social benefits such as reduced input costs, improved livelihoods, and strengthened food and nutritional security will help position nano urea based nutrient management as a catalyst for sustainable and inclusive agricultural development.
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