


Effect of Maize–Cowpea Intercropping on Quality Characteristics and Residual Nitrogen Availability 

Abstract
The study explores two major challenges in agricultural production the efficient management of nitrogen and the spatial arrangement of crop species. Its relevance lies in simultaneously investigating these factors, providing evidence that contributes to improved nitrogen use efficiency. The results highlight the importance of adopting appropriate cropping practices and nutrient sources to enhance nutrient use and grain quality. A two-year field study was conducted in the Central Plain Zone to evaluate the effects of maize–cowpea intercropping patterns and nitrogen management practices on crop quality characteristics and residual soil nitrogen availability. The experiment, laid out in a Split Plot Design, compared four intercropping patterns—Sole Maize, Sole Cowpea, Maize + Cowpea (1:1), and Maize + Cowpea (2:1)—in combination with five nitrogen management regimes involving different levels of the Recommended Dose of Nitrogen (RDN) supplemented by foliar applications of Nano Urea. Intercropping maize with cowpea significantly enhanced overall system productivity and improved soil nitrogen status, primarily due to the biological nitrogen fixation potential of cowpea and better resource complementarity between component crops. It appears that the 1:1 ratio of cowpea and maize significantly enhances nitrogen in the soil. This finding is crucial in reducing the application of N fertilizer on the succeeding crop. The Maize + Cowpea (1:1) intercropping system was the most effective spatial arrangement for soil enrichment, recording the highest residual soil available N (216.42 kg/ha), and showing a numerical increase in maize grain protein content. Conversely, sole cropping maximized the N and protein content of the individual crops, with Sole Cowpea achieving the highest pod protein (19.51%), confirming that interspecific competition reduced cowpea quality under intercropping. Regarding nitrogen management, the application of 100% RDN consistently yielded the highest nutrient and protein content in both maize and cowpea. However, the treatment of 75% RDN supplemented with foliar Nano Urea at 30 and 50 DAS was statistically comparable to 100% RDN for all key quality parameters and residual soil N (206.21 kg/ha). This demonstrated that strategic use of Nano Urea enhances N use efficiency, allowing for a 25% reduction in conventional urea fertilizer without compromising system performance or soil fertility. In conclusion, the practice of Maize + Cowpea (1:1) intercropping combined with 75% RDN + Nano Urea (two sprays) is recommended as a sustainable and efficient strategy for improving crop quality, optimizing N utilization, and maintaining soil health in the Central Plain Zone.
Keywords: Biological nitrogen fixation, Intercropping, Maize–cowpea, Nano urea, Nitrogen use efficiency, Residual soil nitrogen, System productivity, Yield

































1. Introduction
Maize (Zea mays L.) is a major cereal crop cultivated throughout the world and valued for its multifaceted uses as human food, livestock feed, and a source of raw material for several industrial products. Its wide adaptability to diverse climatic and soil conditions has contributed to its growing importance in ensuring global food and nutritional security. However, this region faces considerable challenges including soil nutrient depletion, especially nitrogen deficiency, caused by continuous monocropping and heavy reliance on chemical fertilizers, which degrade soil health and threaten sustainable agriculture. Addressing these challenges requires sustainable cropping approaches such as maize-legume intercropping systems, which not only enhance productivity but also improve soil fertility over time.
Among legumes, cowpea (Vigna unguiculata L. Walp.) stands out as an ideal intercrop with maize due to its short duration, rapid canopy development, and capacity for biological nitrogen fixation via symbiosis with Rhizobium bacteria. The vegetable cowpea, cultivated for its tender green pods, provides an additional income source while improving dietary protein, vitamins, and mineral intake. Its shallow root system and less competitive growth habit complement the deep-rooted maize, allowing for more efficient and stratified utilization of soil nutrients, water, and sunlight.
Intercropping maize with vegetable-type cowpea has been shown to enhance total system productivity, profitability, and land-use efficiency relative to sole cropping. Beyond yield advantages, cowpea’s nitrogen-fixing ability contributes to improved soil nitrogen status through root exudation and organic residue addition, thereby increasing residual soil nitrogen availability for subsequent crops. This enhanced nitrogen supply can also positively influence maize grain quality attributes such as protein and nutrient content, which closely correlate with nitrogen metabolism (Gaikwad et al., 2022).
The selection of compatible crops and their appropriate spatial arrangement plays a crucial role in determining the success of intercropping systems. Two principal approaches are generally adopted for establishing intercrops with a primary crop: the replacement series and the additive series. In the replacement series, a portion of the main crop is replaced by the intercrop, maintaining a constant overall plant population while sharing the available growth resources between the component crops. In contrast, the additive series retains the full population of the main crop and adds the intercrop, thereby increasing the total plant density per unit area. The replacement series is often preferred for densely sown crops and under rainfed conditions, where maintaining balanced competition and efficient resource utilization between species is critical to system productivity and stability (Thakur et al., 2025).
Considering the complementary nature of maize and cowpea, appropriate nitrogen management becomes equally vital for optimizing resource use and sustaining productivity in such systems. The integration of nano urea foliar sprays at key growth stages is hypothesized to supplement soil-applied nitrogen, thereby improving nitrogen use efficiency, yield, and crop quality at reduced fertilizer inputs. Nano Urea (Liquid) contains nitrogen particles at the nanoscale, resulting in an exceptionally high surface area and particle density up to 10,000 times greater than conventional 1 mm urea prills (Naveen et al., 2021). Nano urea offers a distinct advantage over conventional granular urea, exhibiting nitrogen use efficiency exceeding 80%. When applied as a foliar spray, it delivers nitrogen directly to plant foliage during critical growth stages, ensuring rapid absorption and minimizing nutrient losses (Samui et al., 2022; Kumar et al., 2021). A single 500 ml vial of nano urea can effectively replace a conventional 45 kg bag of urea, substantially reducing the dependence on bulk chemical fertilizers. This innovation, developed by the Indian Farmers Fertilizer Cooperative (IFFCO), represents a sustainable alternative that enhances productivity while lowering environmental impacts and fertilizer costs (IFFCO, 2021). (Reddy et al., 2022; Gitari et al., 2020; Salama et al., 2022).
Therefore, the present study was undertaken to evaluate the combined effects of maize–cowpea intercropping patterns and nitrogen management on nutrient dynamics, crop quality, and soil fertility in the Central Plain Zone. Specifically, the study aimed to determine nitrogen and protein content in maize grain and stover, as well as in cowpea pods and stover, under different intercropping and nitrogen regimes. Additionally, it sought to assess the residual soil nitrogen status after harvest to understand the contribution of intercropping and nitrogen management practices toward maintaining soil health and promoting sustainable productivity.
2. Materials and Methods
2.1 Description of the Experimental Site
The field experiment was carried out at the Students’ Instructional Farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur (Uttar Pradesh), India, during two consecutive Kharif seasons commencing in 2023. The farm is geographically situated between 25°26′ to 26°58′ North latitude and 79°31′ to 81°34′ East longitude, at an elevation of 125.9 meters above mean sea level. It is located in the alluvial tract of the Indo-Gangetic Plain Zone in the central part of Uttar Pradesh which falls under a subtropical, semi-arid climatic condition characterized by hot summers and cool winters. The Kharif season corresponds to the monsoon or rainy cropping period in India, typically extending from June to September The region receives an average annual rainfall of approximately 850–900 mm, with nearly 80% of the precipitation occurring during the monsoon months.
2.2 Initial soil fertility condition
Soil samples from the experimental site were collected randomly from a depth of 0–15 cm before the commencement of preparatory tillage operations. The composite samples were air-dried, sieved (2 mm), and analyzed for their physico-chemical properties using standard analytical methods. The results are presented in Table 1. The soil of the experimental field was sandy loam in texture, nearly neutral in reaction, non-saline, low in organic carbon and available nitrogen, low in available phosphorus, and medium in available potassium. Overall, the soil fertility status was categorized as low to medium, suitable for maize–cowpea intercropping under different nitrogen management practices.

Table 1. Physico-chemical properties of the experimental soil before sowing (0–15 cm depth)

	S. No.
	Soil parameter
	Unit
	Value
	Interpretation

	i
	Soil pH
	–
	7.70
	Slightly Neutral

	ii
	Electrical conductivity (EC)
	dS m⁻¹ (25°C)
	0.46
	Non-saline

	iii
	Organic carbon
	%
	0.45
	Low to medium

	iv
	Available nitrogen (N)
	kg ha⁻¹
	192.5
	Low

	v
	Available phosphorus (P₂O₅)
	kg ha⁻¹
	12.82
	Low

	vi
	Available potassium (K₂O)
	kg ha⁻¹
	210.46
	Medium



2.3. Experiment details
The experiment was laid out in Split Plot Design with three replication comprising total of twenty treatments formed by interaction of 4 main plot treatments (intercropping patterns) and 5 sub plot treatments (nitrogen managements). The main plots were namely sole maize (S₁a), sole cowpea (S₁b), maize + cowpea in 1:1 row ratio (S₂), and maize + cowpea in 2:1 row ratio (S₃). The sub-plots included 100% recommended dose of nitrogen (RDN) through urea (N₁a/N₁b), 75% RDN with foliar application of nano urea @ 0.4% at 30 DAS (N₂), 75% RDN with foliar application of nano urea @ 0.4% at 30 and 50 DAS (N₃), 50% RDN with foliar application of nano urea @ 0.4% at 30 DAS (N₄), and 50% RDN with foliar application of nano urea @ 0.4% at 30 and 50 DAS (N₅). Recommended dose of fertilizer for sole maize crop were 120kg N, 60 kg P₂O₅, and 40 kg K₂O ha⁻¹ and sole cowpea plots received a basal dose of 20 kg N, 40 kg P₂O₅, and 20 kg K₂O ha⁻¹. In the intercropping systems, fertilizers were applied according to the recommended dose for maize, and nitrogen was managed as per the respective treatment combinations.

2.4. Observations recorded 
Observations were recorded on various quality parameters of maize and cowpea as well as on soil fertility after harvest. The quality attributes of maize included nitrogen content in grain and stover, and protein content in grain. In cowpea, nitrogen content in pods and stover, along with protein content in pods, were analyzed to assess the effect of intercropping and nitrogen management practices. The Micro-Kjeldhal method (Helrich, 1990) was used for determining the N contents in grains and pods and then protein contents were determined by using the following formula N× 6.25. The residual soil nitrogen was determined after the harvest of crops to evaluate the impact of different treatments on soil nitrogen availability under maize+cowpea intercropping systems in the Central Plain Zone.

2.5. Statistical analysis
The data recorded on various parameters were statistically analyzed using the Analysis of Variance (ANOVA) technique appropriate for the Split Plot Design (SPD) as outlined by Gomez and Gomez (1984). The treatment means were compared at the 5% level of significance (P = 0.05) to determine the significance of differences among treatments. The Critical Difference (CD) values were computed wherever the treatment effects were found significant. Statistical analyses were carried out using standard procedures to ensure the reliability and validity of experimental results.

3. Results and Discussion
3.1 Effect on Yield
The graphical representation (Fig. 1) depicts the influence of different intercropping patterns and nitrogen management practices on yield of maize and cowpea on pooled mean basis. Both the grain yield of maize and the fresh pod yield of cowpea were strongly influenced by the cropping pattern and nitrogen management strategies. In terms of cropping pattern, sole cropping of cowpea consistently produced the highest fresh pod yield, while the highest maize grain yield was observed in sole maize plots. As the proportion of cowpea decreased in the intercropping system (moving from 1:1 to 2:1 row arrangements), fresh pod yield of cowpea declined, whereas maize yield approached the level seen in sole maize.
With respect to nitrogen management, the application of 100% recommended dose of nitrogen (RDN) consistently resulted in superior yields of both maize and cowpea across years, which remained statistically comparable with 75% RDN + foliar application of nano urea at 30 and 50 DAS. These treatments ensured balanced nutrient availability, efficient uptake, and improved physiological activity leading to higher productivity. Conversely, a reduction in nitrogen levels to 50% RDN, even when supplemented with nano urea, led to notable yield reductions, indicating the crucial role of adequate nitrogen in sustaining the productivity of both crops (Samui et al., 2022).


Fig 1: Effect of intercropping pattern and nitrogen management on yield of Maize and Cowpea (Pooled basis)
3.2 Effect on Nitrogen Content in Maize Grain and Stover
The nitrogen content in maize grain and stover was not significantly influenced by intercropping patterns during both years as well as on a pooled mean basis (Table 2). However, numerically, the maize + cowpea (1:1) intercropping system recorded the highest grain N content (1.42%), which was 4.4% and 2.9% higher than sole maize (1.36%) and maize + cowpea (2:1) system (1.38%), respectively. Similarly, stover N content followed a comparable trend, with maize + cowpea (1:1) showing the highest mean value (0.59%), representing a 7.3% and 5.4% increase over sole maize (0.55%) and maize + cowpea (2:1) (0.56%), respectively Although these differences were not statistically significant for maize stover, the trend may reflect the potential complementary effects of cowpea’s nitrogen fixation on the rhizosphere. (Arif et al., 2024; Yadav et al., 2017).
Among nitrogen management treatments, significant differences were observed for both grain and stover N content. The application of 100% RDN recorded the maximum grain N content (1.44%) and stover N content (0.60%), which remained statistically at par with 75% RDN + foliar spray of Nano Urea at 30 and 50 DAS (1.41% and 0.59%, respectively). The lowest values were observed under 50% RDN + Nano Urea spray at 30 DAS (1.30% and 0.53%, respectively). The improvement in N content under 100% RDN over the lowest treatment was 10.8% in grain and 13.2% in stover, indicating that sufficient nitrogen supply ensured better N uptake and assimilation in plant tissues. The results corroborate the findings of Kumar et al. (2021), Das et al. (2024), Hemanth et al. (2025) that balanced N fertilization, along with foliar application of Nano Urea, enhances N concentration and efficiency in maize-based systems.
3.3 Effect on Nitrogen Content in Cowpea pods and Stover
	The nitrogen content in cowpea pods and stover was significantly influenced by intercropping patterns and nitrogen management practices, while the interaction effects were found to be non-significant (Table 2). Among intercropping patterns, sole cowpea recorded the highest pod nitrogen content (3.12%), which was 6.1% and 13.0% higher than maize + cowpea (1:1) (2.94%) and maize + cowpea (2:1) (2.76%), respectively. Similarly, stover N content followed the same trend, with sole cowpea (0.97%) showing an increase of 10.2% and 22.8% over 1:1 (0.88%) and 2:1 (0.79%) intercropping system, respectively. The reduction in nitrogen concentration under intercropping might be attributed to interspecific competition for nutrients and light, particularly under higher maize population density in 2:1 system (Ofori & Stern, 1986).
	Regarding nitrogen management, 100% RDN resulted in the maximum N content in both pods (3.08%) and stover (0.95%), being statistically at par with 75% RDN + foliar application of Nano Urea at 30 and 50 DAS (3.00% and 0.92%, respectively). The minimum N content was observed under 50% RDN + foliar Nano Urea at 30 DAS (2.81% and 0.80%). The improvement due to 100% RDN over the lowest treatment was 9.6% in pod N content and 18.8% in stover N content, suggesting that adequate nitrogen availability enhanced nodulation, N-fixation, and assimilation efficiency in cowpea.
3.4 Effect on Protein Content in Maize Grain
	Protein content of maize was not significantly influenced by intercropping pattern however, numerically higher values were observed in the intercropped treatments compared to sole maize (Table 3). The highest pooled protein content (8.85%) was recorded under maize + cowpea (1:1), followed by maize + cowpea (2:1) (8.62%), while the lowest (8.47%) was noted in sole maize. The increase in protein content of intercropped maize over sole maize was approximately 4.5%, which might be attributed to the beneficial effect of cowpea in fixing atmospheric nitrogen and improving the soil nitrogen status for the associated maize crop. 
	Nitrogen plays a critical role in enhancing maize grain quality, specifically by increasing crude protein (CP) content. Nitrogen application boosts the activity of key enzymes involved in nitrogen metabolism, which leads to greater protein synthesis and accumulation in maize grains. In cereal-legume intercropping systems, the legume component (such as cowpea) enhances available nitrogen for the cereal crop through biological nitrogen fixation, improving the CP content in maize grain intercropped with legumes (Kumar et al.,2014). Among nitrogen management practices, the 100% RDN treatment recorded the highest pooled protein content (8.98%), which was statistically at par with 75% RDN + foliar application of Nano Urea at 30 and 50 DAS (8.78%), but significantly superior to the remaining treatments. The lowest protein content (8.14%) was observed with 50% RDN + Nano Urea at 30 DAS, showing a 10.3% reduction compared to 100% RDN. The improvement in protein content under higher nitrogen supply could be ascribed to enhanced N assimilation and amino acid synthesis, resulting in greater accumulation of protein in maize grain (Hammad et al., 2022). Furthermore, foliar supplementation of Nano Urea at critical stages (30 and 50 DAS) likely improved nitrogen use efficiency and maintained leaf N status, leading to increased protein concentration in the grains. 
3.5 Effect on Protein Content in Cowpea Pods
	Protein content in cowpea was significantly influenced by both intercropping pattern and nitrogen management (Table 3). Among intercropping treatments, sole cowpea recorded the highest pooled protein content (19.51%), which was significantly superior to both maize + cowpea (1:1) (18.40%) and maize + cowpea (2:1) (17.23%). The reduction in protein content under intercropping compared to sole cowpea was approximately 5.7% and 11.7%, respectively. This decline could be attributed to increased interspecific competition for nutrients and light, which might have reduced nitrogen uptake efficiency and subsequent protein synthesis in cowpea under intercropped situations (Dhonde et al., 2026).
	Under nitrogen management, the highest pooled protein content (19.27%) was observed with 100% RDN, which remained statistically at par with 75% RDN + foliar application of Nano Urea at 30 and 50 DAS (18.75%), but significantly higher than the other treatments. The lowest protein content (17.53%) was recorded with 50% RDN + Nano Urea at 30 DAS, showing about a 9% reduction compared to 100% RDN. The increase in protein content with higher nitrogen levels can be ascribed to improved nitrogen assimilation and translocation to the pods, while foliar supplementation of Nano Urea enhanced nitrogen availability during critical growth stages, maintaining protein synthesis efficiency.
3.6 Effect on soil analysis of Nitrogen of Maize + Cowpea Intercropping System
	The available nitrogen in soil after harvest was significantly influenced by different intercropping patterns and nitrogen management practices (Table 4). Among intercropping systems, maize + cowpea (1:1) recorded the highest soil available nitrogen (216.42 kg/ha), which was 14.67% higher than sole maize (187.66 kg/ha) and 7.24% higher than maize + cowpea (2:1). The increase in available soil nitrogen under intercropping might be attributed to the biological nitrogen fixation by cowpea and the efficient utilization of soil nutrients due to better spatial complementarity between the component crops. However, sole cowpea (201.71 kg/ha) also maintained significantly higher residual nitrogen than sole maize but remained lower than the 1:1 intercropping system. The similar findings with legume inclusion and N fertilization under cereal-legume intercropping were reported by Yadav et al., (2017) and Parihar et al., (2016).
	Among nitrogen management practices, 100% RDN (210.33 kg/ha) recorded the maximum soil available nitrogen, being 7.12% higher than 50% RDN + Nano Urea at 30 DAS (195.37 kg/ha). It was, however, statistically at par with 75% RDN + Nano Urea at 30 and 50 DAS (206.21 kg/ha), indicating that the combined use of foliar-applied Nano Urea with reduced nitrogen levels could maintain soil fertility comparable to full-dose nitrogen application. The improvement in soil nitrogen status with foliar-applied Nano Urea may be due to enhanced nitrogen-use efficiency and reduced nitrogen losses through leaching and volatilization (Tamta et al., 2019)
	The interaction effect between intercropping pattern and nitrogen management was found to be non-significant, indicating that the individual effects were consistent across treatments.
Conclusion
	The two-year study in the Central Plain Zone demonstrated that both intercropping pattern and nitrogen management significantly influenced crop quality and residual soil nitrogen in the maize–cowpea system. Sole cowpea exhibited the highest N and protein content in its pods and stover, which declined under intercropping due to interspecific competition. The Maize + Cowpea (1:1) system was the most effective intercropping arrangement, recording the highest residual soil available N (216.42 kg/ha) and numerically increasing maize grain protein by 4.5% compared to sole maize, reflecting the legume’s contribution to N availability. Regarding nitrogen management, 100% RDN produced the highest protein and N content in both crops, but this was statistically comparable to 75% RDN supplemented with foliar Nano Urea at 30 and 50 DAS. This indicates that timely Nano Urea application can enhance N use efficiency, allowing a 25% reduction in conventional urea without compromising crop quality or residual soil nitrogen. Overall, combining Maize + Cowpea (1:1) intercropping with 75% RDN + two foliar sprays of Nano Urea is recommended as a sustainable and efficient approach for optimizing crop productivity, quality, and nitrogen management in this agro-ecological zone.
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Table 2. Effect of Intercropping Pattern and Nitrogen Management on Nutrient Content of Maize and Cowpea.
	
Treatments
	Nutrient Content (N) %
	Nutrient Content (N) %

	
	Maize Grain
	Maize Stover
	Cowpea Pods
	Cowpea Stover

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	Intercropping Pattern (Main plot)

	Sole Maize
	1.32
	1.39
	1.36
	0.53
	0.57
	0.55
	3.10
	3.14
	3.12
	0.94
	0.99
	0.97

	Maize + Cowpea (1:1)
	1.38
	1.45
	1.42
	0.58
	0.61
	0.59
	2.93
	2.96
	2.94
	0.86
	0.90
	0.88

	Maize + Cowpea (2:1)
	1.36
	1.40
	1.38
	0.54
	0.58
	0.56
	2.75
	2.77
	2.76
	0.77
	0.81
	0.79

	SE(m) ±
	0.02
	0.04
	0.03
	0.03
	0.02
	0.02
	0.06
	0.05
	0.06
	0.02
	0.02
	0.01

	CD (P=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	0.24
	0.21
	0.22
	0.07
	0.06
	0.06

	Nitrogen Management (Sub plot)

	100 % RDN
	1.40
	1.47
	1.44
	0.58
	0.61
	0.60
	3.06
	3.10
	3.08
	0.93
	0.97
	0.95

	75% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	1.37
	1.41
	1.39
	0.55
	0.59
	0.57
	2.96
	2.98
	2.97
	0.87
	0.91
	0.89

	75% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	1.38
	1.43
	1.41
	0.58
	0.61
	0.59
	2.99
	3.01
	3.00
	0.90
	0.94
	0.92

	50% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	1.27
	1.34
	1.30
	0.50
	0.55
	0.53
	2.78
	2.83
	2.81
	0.77
	0.82
	0.80

	50% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	1.35
	1.41
	1.38
	0.53
	0.56
	0.55
	2.83
	2.85
	2.84
	0.82
	0.85
	0.83

	SE(m) ±
	0.03
	0.03
	0.02
	0.02
	0.02
	0.02
	0.07
	0.07
	0.07
	0.02
	0.02
	0.02

	CD (P=0.05)
	0.08
	0.08
	0.07
	0.05
	0.04
	0.04
	0.19
	0.20
	0.19
	0.05
	0.05
	0.05

	Interaction

	A × B SE(m) ±
	0.03
	0.03
	0.02
	0.02
	0.02
	0.02
	0.07
	0.07
	0.07
	0.02
	0.02
	0.02

	B × A SE(m) ±
	0.05
	0.06
	0.04
	0.04
	0.03
	0.03
	0.12
	0.12
	0.12
	0.03
	0.03
	0.03

	CD (P=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS



Table 3. Effect of Intercropping Pattern and Nitrogen Management on Protein Content of Maize and Cowpea.
	Treatments
	Protein Content Maize (%)
	Protein Content Cowpea (%)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	Intercropping Pattern (Main plot)

	Sole Maize
	8.27
	8.66
	8.47
	19.38
	19.64
	19.51

	Maize + Cowpea (1:1)
	8.65
	9.06
	8.85
	18.30
	18.49
	18.40

	Maize + Cowpea (2:1)
	8.48
	8.76
	8.62
	17.18
	17.29
	17.23

	SE(m) ±
	0.15
	0.15
	0.15
	0.40
	0.35
	0.29

	CD (P=0.05)
	NS
	NS
	NS
	1.58
	1.38
	1.12

	Nitrogen Management (Sub plot)

	100 % RDN
	8.75
	9.21
	8.98
	19.15
	19.40
	19.27

	75% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	8.58
	8.81
	8.69
	18.53
	18.63
	18.58

	75% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	8.65
	8.92
	8.78
	18.67
	18.83
	18.75

	50% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	7.92
	8.37
	8.14
	17.40
	17.67
	17.53

	50% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	8.44
	8.84
	8.64
	17.69
	17.83
	17.76

	SE(m) ±
	0.17
	0.18
	0.18
	0.42
	0.40
	0.35

	CD (P=0.05)
	0.51
	0.52
	0.51
	1.23
	1.18
	1.03

	Interaction

	A × B SE(m) ±
	0.17
	0.18
	0.18
	0.42
	0.40
	0.35

	B × A SE(m) ±
	0.31
	0.31
	0.31
	0.77
	0.72
	0.62

	CD (P=0.05)
	NS
	NS
	NS
	NS
	NS
	NS



[bookmark: _GoBack]Table 4. Effect of Intercropping Pattern and Nitrogen Management on soil analysis of Nitrogen of Maize + Cowpea Intercropping System
	Treatments
	Available Nitrogen (kg/ha)

	
	2023
	2024
	Pooled

	Intercropping Pattern (Main plot)

	Sole Maize
	185.10
	190.22
	187.66

	Sole Cowpea
	198.96
	204.46
	201.71

	Maize + Cowpea (1:1)
	213.62
	219.22
	216.42

	Maize + Cowpea (2:1)
	204.04
	210.29
	207.16

	SE(m) ±
	2.45
	3.71
	2.58

	CD (P=0.05)
	8.64
	13.10
	9.11

	Nitrogen Management (Sub plot)

	100 % RDN
	207.37
	213.28
	210.33

	75% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	201.76
	207.35
	204.55

	75% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	202.89
	209.52
	206.21

	50% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	193.08
	197.66
	195.37

	50% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	197.05
	202.42
	199.74

	SE(m) ±
	2.97
	3.50
	2.75

	CD (P=0.05)
	8.60
	10.13
	7.94

	Interaction

	A × B SE(m) ±
	5.48
	8.30
	5.78

	B × A SE(m) ±
	5.85
	7.28
	5.55

	CD (P=0.05)
	NS
	NS
	NS





Maize Grain Yield (q/ha)	Sole maize	M+C (1:1)	M+C (2:1)	Sole cowpea	100% RDN	75% RDN + Nano (30 DAS)	75% RDN + Nano (30 	&	 50 DAS)	50% RDN + Nano (30 DAS)	50% RDN + Nano (30 	&	 50 DAS)	65.3	55.4	62.9	0	77.099999999999994	64.7	70.599999999999994	40.799999999999997	52.9	Cowpea Fresh Pod Yield (q/ha)	Sole maize	M+C (1:1)	M+C (2:1)	Sole cowpea	100% RDN	75% RDN + Nano (30 DAS)	75% RDN + Nano (30 	&	 50 DAS)	50% RDN + Nano (30 DAS)	50% RDN + Nano (30 	&	 50 DAS)	0	54.9	29.1	107	72.900000000000006	64.8	70.7	53.7	56.1	






