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Effect of Super Nano Urea and Sulphur on Soil Properties and Yield of Cowpea 



ABSTRACT

The present study investigated the impact of super nano urea (SNU) and sulphur on soil properties, nutrient availability and yield of cowpea (Vigna unguiculata L.) grown in nutrient-deficient Alfisol. A field experiment was laid out in RCBD design with 13 treatments and 3 replications, conducted during kharif 2024 at the AICRP on Arid Legumes, UAS, GKVK, Bengaluru, using different combinations of soil-applied nitrogen and sulphur along with foliar application of super nano urea. Results revealed that available nitrogen showed significant improvement, with the highest value recorded under 100% RDF + 20 kg S ha⁻¹, while phosphorus and potassium remained unaffected. Available sulphur increased significantly with basal and foliar S application and micronutrients (Fe, Mn, Zn and Cu) showed slight numerical improvement under balanced N–S nutrition. Soil biological activity responded favourably, where 100% RDF + 20 kg S ha⁻¹ recorded the highest dehydrogenase and urease activities, while SNU-based treatment 75% RDN + 15 kg S ha⁻¹ + SNU @ 8 ml l⁻¹ remained statistically on par, indicating soil enzymatic activity under reduced nitrogen input. Yield data showed that 100% RDF + 20 kg S ha⁻¹ produced the highest seed 1754.82 kg ha⁻¹ and haulm 2559.12 kg ha⁻¹ yields, closely followed by 100% RDF and 75% RDN + 15 kg S ha⁻¹ + SNU @ 8 ml l⁻¹, demonstrating that foliar super nano urea at higher concentration can effectively supplement reduced basal nitrogen. The findings highlight the potential of integrating SNU with sulphur to improve nitrogen management efficiency, enhancing soil enzymatic activity and achieving higher productivity of cowpea under the conditions of the study.
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1. INTRODUCTION

Meeting the rising global demand for food, feed and nutritional security remains a major challenge as agricultural systems face increasing pressure from population growth, shrinking land resources and declining soil fertility. Enhancing crop productivity under these constraints requires efficient use of inputs, particularly fertilizers, which play a critical role in sustaining agricultural output. Among essential nutrients, nitrogen (N) is fundamental for plant growth; however, its use in the form of conventional urea is often inefficient. In many regions, especially India, the nitrogen-use efficiency of urea seldom exceeds 30–40% due to losses through volatilization, leaching and denitrification. These inefficiencies not only reduce crop yields but also escalate production costs and contribute to environmental concerns such as groundwater contamination and greenhouse gas emissions. Addressing these limitations demands a shift towards more efficient and environmentally responsible nutrient delivery systems.
Nano fertilizers have emerged as a promising innovation aimed at improving nutrient-use efficiency while reducing fertilizer inputs. Super nano urea (20% w/v), a highly concentrated nano-formulation applied as a foliar spray, represents an advancement in this direction. Its nano-scale particle size facilitates faster and more efficient absorption through leaf surfaces, thereby minimizing nitrogen losses associated with conventional fertilizers. In addition to enhancing nutrient-use efficiency, the use of super nano urea s expected to support soil health by potentially reducing the dependence on excessive conventional urea application; however, its influence on soil biological activity requires further validation, particularly with respect to specific soil enzymatic activities and microbial responses. This is particularly important in Alfisols, which are widely distributed in tropical regions and are characterized by low organic matter and limited nutrient retention capacity, leading to rapid losses of nitrogen and sulphur through leaching and reduced availability to crops. Improving soil properties and nutrient availability in such soils is essential for achieving sustainable crop production.
Cowpea (Vigna unguiculata L.), an important legume grown for food, fodder and vegetable purposes, holds significant value due to its high protein content, drought tolerance and adaptability to marginal lands. Despite its potential, cowpea yields in India remain lower than global averages, largely due to poor nutrient management and deficiencies of nitrogen and sulphur in low-fertility soils. Improving nutrient delivery efficiency and soil health is therefore crucial for enhancing the productivity and resilience of cowpea-based production systems.
Although nano urea–based fertilization has been evaluated in several crops, information on its ability to partially substitute basal nitrogen under sulphur management, particularly with respect to soil enzymatic activity, nutrient dynamics and productivity of cowpea grown in Alfisols, remains limited. Bridging this knowledge gap is essential for developing sustainable fertilization strategies that reduce dependency on conventional urea while improving soil health and crop performance. Against this backdrop, the present study was undertaken to investigate the effect of super nano urea and sulphur on soil properties, growth and productivity of cowpea grown in Alfisols. The outcomes aim to provide insights for enhancing fertilizer efficiency, improving soil health and supporting sustainable pulse production.

2. material and methods 

A field experiment was conducted during kharif 2024 at the AICRP on Arid Legumes, UAS, GKVK, Bengaluru (12°58' N, 77°35' E; 924 m MSL), located in the Eastern Dry Zone of Karnataka and characterized by a semi-arid tropical climate. The soil of the experimental site was a red sandy loam Alfisol with slightly acidic pH (5.89), low organic carbon (0.48%), medium available N, P and K, and low sulphur content (7.56 mg kg⁻¹). The experiment was laid out in a Randomized Complete Block Design with 13 treatments replicated thrice using cowpea variety KBC-9. Treatments consisted of different combinations of soil-applied nitrogen and sulphur (Bentonite S) along with foliar application of super nano urea (IFFCO Nano urea plus-20% w/v N) at three concentrations (2, 4 and 8 ml l⁻¹). The recommended dose of fertilizers (25:50:25 kg N:P₂O₅:K₂O ha⁻¹) was applied as per treatment; well-decomposed FYM @ 7.5 t ha⁻¹ was incorporated 15 days before sowing. Seeds were dibbled at 45 × 10 cm spacing on 30 August 2024, followed by thinning at 15 DAS, hand weeding at 25 DAS, and earthing up at 30 DAS. Super nano urea sprays were applied at flowering and pod formation stages. Standard plant protection measures were followed. Seed and haulm yield were recorded using standard procedures. Soil samples collected before sowing and after harvest were analysed for pH, EC, organic carbon, available N, P and K, exchangeable Ca and Mg, available S, micronutrients using standard laboratory protocols and soil biological properties, including urease and dehydrogenase activities, were determined using the methods described by Tabatabai and Bremner (1972) and Casida et al. (1964), respectively. The experimental data generated were statistically analysed using ANOVA as outlined by Gomez and Gomez (1984) appropriate for RCBD and treatment means were compared at the 5 per cent level of significance.
3. results and discussion

3.1 Physico-chemical Properties of Soil

The physico-chemical properties of soil after the harvest of cowpea, including pH, electrical conductivity (EC) and organic carbon (OC), were not significantly influenced by foliar application of super nano urea (SNU) and sulphur at different growth stages, as shown in Table 1. Soil pH ranged from 5.59 in T3 (100% RDF + 20 kg S) to 5.82 in absolute control (T1), with a slight, non-significant decrease from the initial pH of 5.89. Soil EC remained statistically unchanged, varying between 0.28 dS m-1 in T1 and 0.32 dS m-1 in T3, similar to the initial EC of 0.29 dS m-1. Organic carbon content also did not differ significantly, ranging from 0.51% in T1 to 0.58% in T3, suggesting that the combined application of basal fertilizers and foliar super nano urea had no measurable effect on soil organic carbon within the duration of the study.







	Table 1.  Effect of super nano urea and sulphur on post-harvest soil physico-chemical properties, nutrient availability and micronutrient status of cowpea-grown Alfisol

	Trt
	pH
	EC
(dS m-1)
	OC (%)
	Avail. N (kg ha-1)
	Avail. P (kg ha-1)
	Avail. K (kg ha-1)
	Ca (c mol (p+) kg-1)
	Mg (c mol (p+) kg-1)
	S (mg kg-1)
	Fe (mg kg-1)
	Mn (mg kg-1)
	Zn (mg kg-1)
	Cu (mg kg-1)

	T1
	5.82
	0.28
	0.51
	285.49
	28.37
	165.68
	2.79
	0.89
	7.95
	7.81
	4.48
	0.94
	0.25

	T2
	5.61
	0.32
	0.57
	320.36
	31.27
	171.64
	3.08
	1.01
	8.07
	8.09
	5.13
	1.07
	0.29

	T3
	5.59
	0.32
	0.58
	326.14
	31.81
	172.17
	3.13
	1.02
	9.59
	8.14
	5.14
	1.09
	0.29

	T4
	5.71
	0.30
	0.54
	297.53
	30.37
	168.91
	2.85
	0.95
	9.06
	7.91
	4.85
	1.04
	0.28

	T5
	5.81
	0.28
	0.52
	287.86
	29.04
	166.19
	2.82
	0.92
	8.53
	7.83
	4.57
	0.96
	0.26

	T6
	5.69
	0.31
	0.55
	301.42
	30.54
	169.78
	2.87
	0.96
	9.18
	7.93
	5.06
	1.05
	0.28

	T7
	5.65
	0.31
	0.56
	309.51
	30.71
	170.19
	2.91
	1.00
	9.22
	7.96
	5.08
	1.06
	0.29

	T8
	5.63
	0.31
	0.57
	317.34
	30.85
	170.98
	2.93
	1.01
	9.27
	8.02
	5.08
	1.07
	0.29

	T9
	5.78
	0.29
	0.52
	289.96
	29.31
	166.72
	2.83
	0.93
	8.71
	7.85
	4.57
	0.97
	0.26

	T10
	5.75
	0.30
	0.54
	293.24
	30.14
	167.32
	2.84
	0.94
	8.83
	7.86
	4.63
	1.02
	0.27

	T11
	5.73
	0.30
	0.54
	295.15
	30.27
	167.84
	2.85
	0.95
	8.94
	7.87
	4.79
	1.04
	0.27

	T12
	5.68
	0.31
	0.56
	305.97
	30.37
	169.87
	2.87
	0.98
	9.37
	7.98
	5.07
	1.06
	0.28

	T13
	5.77
	0.29
	0.53
	291.48
	30.14
	167.06
	2.84
	0.94
	9.29
	7.85
	4.63
	0.98
	0.27

	S.Em ±
	0.17
	0.01
	0.02
	8.64
	0.87
	4.87
	0.08
	0.03
	0.26
	0.23
	0.17
	0.04
	0.02

	CD (P=0.05)
	NS
	NS
	NS
	25.23
	NS
	NS
	NS
	NS
	0.75
	NS
	NS
	NS
	NS

	T1: Absolute control; T2: 100 % RDF; T3: 100 % RDF & 20 kg S ha-1; T4: 75 % RDN & 15 kg S ha-1; T5: 50 % RDN & 10 kg S ha-1; T6: T4 + 2 Spray of SNU at flowering and pod formation stage @ 2ml l-1; T7: T4 + 2 Spray of SNU at flowering and pod formation stage @ 4ml l-1; T8: T4 + 2 Spray of SNU at flowering and pod formation stage @ 8ml l-1; T9: T5 + 2 Spray of SNU at flowering and pod formation stage @ 2ml l-1; T10: T5 + 2 Spray of SNU at flowering and pod formation stage @ 4ml l-1; T11: T5 + 2 Spray of SNU at flowering and pod formation stage @ 8ml l-1; T12: T4 + 10 g l-1 Urea + WS @ 5g l-1 at flowering and pod formation stage; T13: T5 + 10 g l-1 Urea + WS @ 5g l-1 at flowering and pod formation stage.



3.2 Soil Nutrients Status after the Harvest of Cowpea
The major nutrient status of soil after harvest (Table 1) indicated that among the primary nutrients, only available nitrogen exhibited significant variation across treatments, while available phosphorus and potassium remained statistically unaffected. Available nitrogen content ranged from 285.49 kg ha⁻¹ in the absolute control (T1) to 326.14 kg ha⁻¹ in T3 (100% RDF + 20 kg S ha⁻¹), which recorded the highest N availability. The superior nitrogen status in T3 can be attributed to the combined effect of recommended nitrogen application and sulphur-mediated enhancement of nitrogen mineralization, root activity and microbial functioning. Notably, super nano urea (SNU)–based treatments, especially those receiving foliar application at 4 and 8 ml l⁻¹, recorded nitrogen levels statistically comparable to T3, demonstrating the efficiency of SNU in sustaining soil nitrogen even under reduced basal N application. The comparable soil available nitrogen observed under SNU treatments may be attributed to improved nitrogen use efficiency resulting from efficient foliar absorption and reduced volatilization and leaching losses associated with nano-scale nitrogen formulations. Similar improvements in nitrogen retention and utilization efficiency with nano-enabled or foliar nitrogen sources have been reported earlier (De Rosa et al., 2010; Subramanian et al., 2015; Younas et al., 2024). In contrast, available phosphorus (28.37–31.81 kg ha⁻¹) and potassium (165.68–172.17 kg ha⁻¹) showed only marginal numerical increases across treatments, with no statistically significant differences. The uniformity in P and K levels suggests that foliar-applied SNU predominantly influences nitrogen dynamics, while the relatively stable P and K availability may be attributed to the uniform application of P and K fertilizers across treatments. 
Secondary nutrient status after harvest (Table 1) indicated that exchangeable calcium and magnesium remained statistically unaffected by the treatments, with Ca ranging from 2.79 to 3.13 c mol (p⁺) kg⁻¹ and Mg from 0.89 to 1.02 c mol (p⁺) kg⁻¹. The absence of significant variation suggests that short-term foliar application of super nano urea (SNU) and varying sulphur doses did not markedly influence the native Ca and Mg pools of the Alfisol. In contrast, available sulphur exhibited a significant increase across treatments. The highest sulphur availability was recorded in T3 (100% RDF + 20 kg S ha⁻¹) with 9.59 mg kg⁻¹, reflecting the direct impact of basal sulphur application. Notably, treatments receiving foliar sulphur spray (WS @ 5 g l⁻¹) in combination with basal sulphur, particularly T12 and T13, recorded available sulphur levels statistically on par with T3. The observed increase in post-harvest sulphur availability may be associated with the combined effect of basal and foliar sulphur application and potentially enhanced sulphur mineralization and nutrient cycling under balanced N–S nutrition (Patel et al., 2023; Singh et al., 2020).  Micronutrient availability after harvest (Table 1) showed slight but consistent improvements across fertilizer-applied treatments, although the differences were statistically non-significant. The concentrations of Fe (7.81–8.14 mg kg⁻¹), Mn (4.48–5.14 mg kg⁻¹), Zn (0.94–1.09 mg kg⁻¹) and Cu (0.25–0.29 mg kg⁻¹) tended to be marginally higher in treatments receiving balanced N and S nutrition compared to the control. The numerically highest values were recorded in T3 (100% RDF + 20 kg S ha⁻¹) may possibly be associated with improved nutrient availability under adequate sulphur supply.3.3 Soil Biological Activity after the Harvest of Cowpea
 Soil biological properties (Table 2) demonstrated favourable responses to integrated nitrogen and sulphur nutrition, as reflected in both urease and dehydrogenase activities. Urease activity increased markedly from 18.43 µg NH4-N g⁻¹ hr⁻¹ in the control (T1) to a peak of 25.83 µg NH4-N g⁻¹ hr⁻¹ with the application of balanced N and S sources, with T3 registering the highest values, indicating enhanced N mineralization potential (Adisa et al., 2019; Helaly et al., 2014). Similarly, dehydrogenase activity ranged from 13.52 µg TPF g⁻¹ 24 hr⁻¹ in T1 to 15.82 µg TPF g⁻¹ 24 hr⁻¹ in T3, signifying superior microbial oxidative activity (Joachim еt al., 2008; Burns et al., 2013). Importantly, the SNU-based treatment T8 performed statistically on par with T3 for both enzymes, highlighting that foliar-applied super nano urea coupled with basal sulphur effectively enhanced soil urease and dehydrogenase activities. The concurrent increase in urease and dehydrogenase activities under these treatments indicates enhanced soil enzymatic activity and better nutrient transformation processes during the cropping season, reflecting a more biologically active soil environment under integrated nitrogen and sulphur management.
	Table 2. Effect of super nano urea and sulphur on soil enzymatic activities (dehydrogenase and urease) after harvest of cowpea

	Treatments
	Dehydrogenase
[bookmark: _Hlk207736153](µg TPF g-1 24 hr-1)
	Urease
[bookmark: _Hlk207736161](µg NH4-N g-1 hr-1)

	T1
	13.52
	18.43

	T2
	15.46
	24.96

	T3
	15.82
	25.83

	T4
	14.53
	23.19

	T5
	14.07
	21.58

	T6
	14.64
	23.21

	T7
	14.86
	23.54

	T8
	15.30
	23.89

	T9
	14.16
	21.64

	T10
	14.35
	21.81

	T11
	14.48
	21.93

	T12
	14.79
	23.37

	T13
	14.22
	21.76

	S.Em ±
	0.38
	0.64

	CD (P=0.05)
	1.11
	1.88

	T1: Absolute control; T2: 100 % RDF; T3: 100 % RDF & 20 kg S ha-1; T4: 75 % RDN & 15 kg S ha-1; T5: 50 % RDN & 10 kg S ha-1; T6: T4 + 2 Spray of SNU at flowering and pod formation stage @ 2ml l-1; T7: T4 + 2 Spray of SNU at flowering and pod formation stage @ 4ml l-1; T8: T4 + 2 Spray of SNU at flowering and pod formation stage @ 8ml l-1; T9: T5 + 2 Spray of SNU at flowering and pod formation stage @ 2ml l-1; T10: T5 + 2 Spray of SNU at flowering and pod formation stage @ 4ml l-1; T11: T5 + 2 Spray of SNU at flowering and pod formation stage @ 8ml l-1; T12: T4 + 10 g l-1 Urea + WS @ 5g l-1 at flowering and pod formation stage; T13: T5 + 10 g l-1 Urea + WS @ 5g l-1 at flowering and pod formation stage.



3.4 Yield of Cowpea
The application of super nano urea and sulphur significantly influenced both seed and haulm yield of cowpea. The highest seed yield (1754.82 kg ha⁻¹) and haulm yield (2559.12 kg ha⁻¹) were recorded with 100% RDF + 20 kg S ha⁻¹ (T3), which remained statistically on par with T2 (100% RDF) and the SNU-based treatment T8 (75% RDN + 15 kg S ha⁻¹ + SNU @ 8 ml L⁻¹). The yield equivalence observed between the SNU-based treatment and the full RDF treatment suggests that foliar application of super nano urea, in combination with basal sulphur, can maintain cowpea productivity even under reduced nitrogen application levels. These treatments were markedly superior to T5 (50% RDN + 10 kg S) and the absolute control, which recorded the lowest seed yield (614.27 kg ha⁻¹) and haulm yield (859.98 kg ha⁻¹). The relatively higher yields observed under T3 and T8 may be associated with the provision of balanced nitrogen and sulphur nutrition, which is known to support crop growth and yield formation. The yield advantage may potentially be related to improved nitrogen availability and sulphur supply during critical growth stages. These results align with earlier findings wherein combined N and S application improved yield and nutrient uptake in pulses (Gajbhiye and Mane, 2023; Chandana et al., 2021; Pandey, 2019), while foliar nano urea enhanced growth and productivity in legumes (Nandhakumar et al., 2024; Saitheja et al., 2022).
[bookmark: _Hlk209691705]Fig. 1.  Effect of super nano urea and sulphur on seed and haulm yield of cowpea
CONCLUSION
The study demonstrated that, under the conditions of a single-season field experiment conducted on Alfisols, the combined application of super nano urea and sulphur was found to improve soil available nitrogen and enhanced soil enzymatic activities, which was associated with increased seed and haulm yield of cowpea. While soil physico-chemical properties such as pH, EC and organic carbon remained unaffected, the notable improvement in available nitrogen and sulphur, along with increased urease and dehydrogenase activities, were observed under balanced N–S nutrition. The highest seed and haulm yields were obtained with 100% RDF + 20 kg S ha⁻¹ (T3); however, the SNU-based treatment T8 performed statistically on par with T3 for both soil biological properties and crop yield. This yield equivalence indicates that foliar application of super nano urea at 8 ml l⁻¹, in combination with basal sulphur, was able to maintain cowpea productivity under reduced basal nitrogen application. Overall, the integration of super nano urea with sulphur appears to be a viable nutrient management option for sustaining crop yield and improving soil enzymatic responses under Alfisol conditions.
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