


Growth and Productivity Performance of Maize under Different Row Ratios in Maize + Cowpea Intercropping System

Abstract
The present study aimed to evaluate the growth and productivity performance of maize under different row ratios and nitrogen management practices in a maize + cowpea intercropping system. A field experiment was conducted during Kharif 2023 and 2024 at the Students’ Instructional Farm, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur (U.P.). The experiment was laid out in a Split Plot Design with three replications, consisting of four intercropping arrangements sole maize, sole cowpea, maize + cowpea (1:1), and maize + cowpea (2:1) and five nitrogen management practices combining different levels of the recommended nitrogen dose (RDN) and foliar-applied nano urea. Results indicated that sole maize recorded the maximum plant height on pooled basis (221.01 cm), dry matter accumulation (2854.74 g m⁻²) at harvest and leaf area index (3.16 at 60 DAS). Among intercropping treatments, maize + cowpea (1:1) achieved the highest maize equivalent yield (8.66 t ha⁻¹) with a land equivalent ratio (LER) 1.37, demonstrating efficient resource use and productivity advantage over sole cropping. Among nitrogen management practices, 100% RDN produced the tallest plants (214.90 cm) and maximum dry matter (2096.50 g m⁻²), while 75% RDN with two foliar sprays of nano urea at 30 and 50 DAS recorded comparable plant height (214.48 cm) and dry matter (1945.78 g m⁻²), demonstrating 25% nitrogen saving without yield reduction. The study concludes that maize + cowpea intercropping in a 1:1 row ratio, coupled with 75% RDN and two nano urea sprays, enhances maize growth, nitrogen use efficiency, and total system productivity, thereby promoting a sustainable and resource-efficient cereal–legume production system in the Central Plain Zone of Uttar Pradesh.
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1. Introduction
The escalating demands of a growing global population, coupled with finite land resources and the intensifying effects of climate change, necessitate a paradigm shift toward sustainable intensification in agriculture (Godfray et al., 2010). Monocropping systems, although simple to manage, are often associated with inefficient resource utilization and heavy dependence on synthetic fertilizers, leading to soil degradation, nutrient imbalance, and environmental pollution. In contrast, intercropping, the practice of growing two or more crops simultaneously on the same piece of land, has long been a common practice in traditional farming systems and also promote ecological sustainability by improving nutrient cycling, enhancing soil fertility through biological nitrogen fixation, and reducing reliance on chemical fertilizers (Lithourgidis et al., 2011)
Intercropping is deliberately manipulated to optimize the utilization of spatial and temporal physical resources, both above and below ground, by promoting resource complementarity. This system enhances agricultural stability, reduces soil erosion, suppresses weed growth, and provides insurance against total crop failure, often resulting in greater land occupancy and higher net returns quantified by a Land Equivalent Ratio greater than unity.
The maize–cowpea association is one of the most critical cereal-legume intercropping systems, essential for food security and nutrition in semi-arid and sub-humid tropics. The foundational strength of this association lies in the distinct physiological characteristics of its components. Maize, a dominant C4 species with high photosynthetic efficiency and an upright stature, acts as the competitive driver. Cowpea, as a legume, contributes significantly to the system's sustainability through Biological Nitrogen Fixation which leads to a crucial N-sparing effect that benefits the companion maize crop (Hauggaard-Nielsen et al., 2001). Beyond nitrogen, the disparate rooting patterns and nutrient requirements of the two species promote a more complete partitioning of below-ground resources (Dimande et al., 2024).
However, achieving maximum system efficiency is challenging due to the inevitable inter-specific competition for limiting resources, especially light and water. The success of the intercrop depends critically on managing this competitive balance, and the most influential factor is the spatial arrangement, specifically the row ratio (Sahoo et al., 2024). Crop density and the relative density of the component crops are major determinants of overall productivity and light penetration into the canopy (Baumann et al., 2002).
The spatial arrangement of component crops in intercropping systems plays a critical role in optimizing resource acquisition and reducing interspecific competition for essential resources such as solar radiation, nutrients, and water. Greater productivity in intercrops is attainable when the planting geometry and architectural characteristics of the component species synergistically maximize complementarity, thereby enhancing the physiological efficiency of the cropping system within the prevailing environmental conditions (Gaikwad et al., 2022). Narrow maize-to-cowpea ratios may maximize nitrogen transfer but can impose shading stress on maize, reducing its leaf area index and photosynthetic efficiency. Conversely, wide maize row ratios can underutilize land and reduce the BNF contribution of cowpea (Adebayo et al., 2024). Therefore, an optimal spatial design facilitates effective resource partitioning, allowing intercrops to exploit niches that minimize competition and maximize facilitative interactions. In-depth investigation into the interrelationships between row spatial arrangements and nutrient supply is pivotal for elucidating quantitative responses of intercropping systems. Different row configurations influence light interception, root zone exploitation, and the intensity of competition, thereby impacting individual crop productivity and system-level output. Strategic optimization of these factors is fundamental to realizing the full agronomic and ecological benefits of intercropping, leading to sustainable intensification of agricultural production. Efficient nutrient management further amplifies nutrient availability in the soil, promoting enhanced growth and development. Variability in nutrient supply can significantly affect crop physiological processes, yield potential, and overall system performance. Intercropping maize with cowpea or other legumes has been shown to enhance maize equivalent yield (MEY), system productivity, and residual soil nitrogen compared to sole crops (Naik et al., 2017; Rohit et al., 2017; Khan et al., 2018; Deepak et al., 2019). Similarly, strategic nitrogen management, including the use of foliar-applied nano urea or adjusted RDN levels, can improve nutrient uptake, maize grain protein content, and overall system efficiency (Parimaladevi et al., 2019; Samui et al., 2022). Despite these findings, there remains a need for region-specific studies to evaluate the combined effects of maize–cowpea row ratios and nitrogen management on maize growth, productivity, and system sustainability. Optimizing these factors is particularly important under current agricultural challenges, including declining soil fertility, climate variability, and land scarcity. This study aims to fill this gap by investigating the impact of different maize–cowpea row ratios on maize growth parameters and productivity, indirectly assessing system performance through maize equivalent yield (MEY), in order to develop recommendations for sustainable cereal–legume intercropping.

2. Materials and Methods
The field experiment was conducted at the Students’ Instructional Farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh, India (26.4499° N latitude, 80.3319° E longitude), during two consecutive Kharif seasons commencing in 2023. In India, the Kharif season coincides with the monsoon period, generally spanning from June to September. The experimental site is situated in the Central Plain Zone of Uttar Pradesh, which experiences a subtropical, semi-arid climate characterized by hot summers and cool winters. The region receives an average annual rainfall of 850–900 mm, with nearly 80% occurring during the monsoon months.
The experimental field has alluvial soils, typical of the Indo-Gangetic plain, with a sandy loam texture. The soil is moderately fertile, having a pH of 7.7, organic carbon content of 0.45%, and available nitrogen, phosphorus, and potassium of 192.5, 12.82, and 210.46 kg ha⁻¹, respectively. The soil depth is uniform and well-drained, providing favorable conditions for maize and cowpea growth. These soil characteristics, combined with the climatic conditions, make the site suitable for evaluating the effects of maize–cowpea intercropping under different row ratios and nitrogen management practices.
The study was conducted using a Split Plot Design with three replications, incorporating a total of twenty treatment combinations. These treatments resulted from the interaction of four main plot arrangements and five nitrogen management strategies. 
Main plot treatments:
· S₁: Sole maize
· S2: Sole cowpea
· S3: Maize + cowpea (1:1 row ratio)
· S4: Maize + cowpea (2:1 row ratio)
Sub-plot treatments:
· N₁: 100% recommended dose of nitrogen (RDN) as urea
· N₂: 75% RDN + foliar spray of nano urea @ 4 ml L⁻¹ at 30 DAS
· N₃: 75% RDN + foliar sprays of nano urea @ 4 ml L⁻¹ at 30 and 50 DAS
· N₄: 50% RDN + foliar spray of nano urea @ 4 ml L⁻¹ at 30 DAS
· N₅: 50% RDN + foliar sprays of nano urea @ 4 ml L⁻¹ at 30 and 50 DAS

For the sole maize plots, the recommended doses of fertilizers were 120 kg N, 60 kg P₂O₅, and 40 kg K₂O per hectare, whereas sole cowpea plots received 20 kg N, 40 kg P₂O₅, and 20 kg K₂O per hectare. Each gross plot measured 6.3 m × 4.0 m, while the net plot size was 3.6 m × 3.0 m, from which observations were recorded after excluding border rows to minimize edge effects. In intercropping systems, fertilizers were applied as per the recommendation for maize, and nitrogen was managed according to the respective sub-plot treatments. For nano urea application, a solution was prepared at 4 ml per litre of water and sprayed uniformly on the crop foliage using a knapsack sprayer. Maize (Zea mays L., var. V-1222) and cowpea (Vigna unguiculata L., var. Kashi Kesar) were used as test crops. They were sown simultaneously in month of July during both the years. Maize was planted at a row spacing of 45 cm, while cowpea was accommodated between maize rows according to the assigned row ratios 1:1 (alternate rows) and 2:1 (two rows maize: one row cowpea). Sole maize and sole cowpea were maintained at their standard spacing of 45 cm × 20 cm to achieve optimum plant population. All standard agronomic practices were followed to ensure proper crop establishment and growth. 
A comprehensive suite of biometric and yield-related measurements was obtained at harvest to evaluate the growth and productivity of maize and cowpea under varying experimental treatments. The biometric parameters recorded included plant population, plant height, and dry matter accumulation (DMA), the latter serving as a reliable indicator of total biomass production and overall crop vigor.
Growth parameters were assessed sequentially at 30, 60, and 90 days after sowing (DAS), as well as at the final harvest, to characterize developmental dynamics throughout the growing season.

Assessment of LAI provides critical insights into canopy development and incident light interception, both of which are integral to evaluating photosynthetic capacity and overall crop performance.
To enable a direct comparison of productivity between sole cropping and intercropping systems, the Maize Equivalent Yield (MEY) was computed by converting the yield of cowpea into maize equivalents based on their prevailing market prices. The MEY was calculated using the formula:

where,
· Ym = Yield of maize (t/ha)
· Yc = Yield of cowpea (t/ha)
· Pc = Market price of cowpea (₹ t/ha)
· Pm = Market price of maize (₹ t/ha)
The yield advantage of intercropping was quantified using Land Equivalent Ratio (LER) using the formula:


where:
· Ysm= Yield of the base crop (maize) as sole crop (t ha⁻¹)
· Ysc = Yield of the intercrop (cowpea) as sole crop (t ha⁻¹)
· Yim = Yield of maize in intercropping (t ha⁻¹)
· Yic= Yield of cowpea in intercropping (t ha⁻¹)
This metric expresses the total productivity of the intercropping system in terms of maize yield equivalents, facilitating a meaningful comparison between sole maize and maize–cowpea intercrop treatments. By standardizing on maize yields, MEY accounts for differences in economic value among crops and provides an integrated assessment of system performance. In addition, the Land Equivalent Ratio (LER) was employed to quantify the biological efficiency of intercropping in utilizing land resources, where an LER value greater than 1.0 indicates a yield advantage of intercropping over sole cropping, reflecting better resource use efficiency and complementary interaction between component crops.
The data recorded on various growth and productivity parameters were subjected to statistical analysis following the Analysis of Variance (ANOVA) technique appropriate for the Split Plot Design (SPD), as described by Gomez and Gomez (1984). Treatment means were compared at the 5% level of significance (P = 0.05). Standard Error of Mean (SEm±) and Critical Difference (CD) values were computed for mean separation. Statistical analyses were carried out using OPSTAT software (Sheoran et al., CCS HAU, Hisar) to ensure accuracy and consistency of the results.

3. Results and Discussion
Plant Population of Maize (m²)
Result of final plant population was significantly influenced by the intercropping pattern, while nitrogen management and their interaction effects were found non-significant (Table 1). The highest plant population (9.83 plants m⁻²) was recorded under sole maize, primarily due to the uniform crop stand and absence of interspecific competition. Among intercropping treatments, the 2:1 row ratio (6.90 plants m⁻²) maintained a higher population density than the 1:1 row ratio (5.43 plants m⁻²), as the wider maize proportion in 2:1 arrangement allowed better plant establishment. Similar findings were reported by Ayele (2020), who observed that increasing maize row proportion in intercropping systems resulted in higher maize plant population per unit area.

Plant Height of Maize (cm)
The data presented in Table 1 revealed significant differences in plant height of maize at harvest as influenced by various intercropping patterns and nitrogen management practices. Among the intercropping patterns, sole maize recorded the tallest plants (221.01 cm), which was statistically at par with maize + cowpea (1:1) (213.60 cm) but significantly higher than maize + cowpea (2:1) (185.79 cm). The greater height under sole maize may be due to the absence of interspecific competition, resulting in better light interception and nutrient availability that promoted vegetative growth. Conversely, the introduction of cowpea in the intercropping system reduced maize height, possibly due to competition for growth resources.
Similar trends were reported by Choudhary et al. (2012), Mandal et al. (2014), and Nyasasi and Kisetu (2014), who observed reduced maize height in maize–legume intercropping systems. These findings are in accordance with Mbah and Ogbodo (2013) and Sujatha and Babalad (2018), who also noted that intercropping led to restricted plant growth due to mutual shading and competition effects.
Nitrogen management significantly influenced plant height, with the highest value (214.90 cm) recorded under 100% RDN, which remained statistically at par with 75% RDN + foliar application of Nano Urea at 30 and 50 DAS @ 0.4% (214.48 cm), indicating that two foliar sprays of Nano Urea effectively compensated for the 25% reduction in soil-applied nitrogen. This clearly demonstrates the efficiency of Nano Urea as a quick nitrogen source during the critical growth phases. Reported findings also indicate that combining 75% conventional nitrogen with 25% nano nitrogen resulted in enhanced growth and yield in maize and cowpea. Notably, chlorophyll content and photosynthetic activity increased significantly, highlighting the vital role of Nano Urea in optimizing plant physiological processes and improving nitrogen use efficiency (El-Ghobashy et al., 2020). These findings are consistent with observation of Singh et al. (2023). The shortest plants (189.16 cm) were noted under 50% RDN + Nano Urea at 30 DAS, indicating that reduced nitrogen supply restricted vegetative growth. The improvement in height with increased nitrogen availability may be attributed to its vital role in chlorophyll formation and cell elongation. These results corroborate the findings of Baghdadi et al. (2018), Tamta et al. (2019) and Singh et al., (2024) who reported significant increases in maize height with higher nitrogen levels.

Dry Matter Production of Maize (g m⁻²)
Dry matter production followed a similar trend as plant height. Among intercropping treatments, sole maize produced the highest dry matter (2854.74 g m⁻²), followed by maize + cowpea (2:1) (1720.86 g m⁻²) and maize + cowpea (1:1) (1196.88 g m⁻²). The superior dry matter accumulation under sole maize was attributed to higher plant density, better canopy development, and unrestricted access to growth resources. Reduced dry matter in intercropping systems was mainly due to decreased maize plant population and competition from cowpea for moisture, nutrients, and light. Similar results were reported by Patel et al. (2018) and Sujatha and Babalad (2018).
Under nitrogen management, 100% RDN produced the maximum dry matter (2096.50 g m⁻²), which was statistically at par with 75% RDN + two Nano Urea sprays (30 and 50 DAS) (1945.78 g m⁻²). The comparable performance of this treatment indicates that two foliar applications of Nano Urea could successfully substitute 25% of conventional nitrogen fertilizer, improving nitrogen use efficiency and reducing dependency on soil-applied urea. On the other hand, treatments with only one Nano Urea spray recorded relatively lower dry matter production, confirming that repeated foliar supplementation better synchronizes nitrogen availability with crop demand. These findings corroborate with those of Tamta et al. (2019) and Singh et al., (2024).
Dry matter production in a crop community is primarily influenced by the leaf area index (LAI), photosynthetic efficiency, and leaf orientation, whereas the total dry matter accumulation per unit area largely depends on plant density and the dry matter produced per plant. Similar findings were also reported by Kumar et al. (2017), Abraha (2018), and Tamta et al. (2019), who observed that higher nitrogen availability and efficient canopy structure promote greater biomass production.

Leaf Area Index of Maize
The leaf area index (LAI) of maize was significantly influenced by intercropping row ratio at 60 DAS and at harvest. The LAI increased with the advancement of crop growth, reaching its maximum at 60 DAS, and decreased thereafter due to senescence at maturity. This pattern reflects the normal growth dynamics of maize, where leaf expansion dominates early and mid-growth stages, followed by natural leaf aging and shedding at harvest (Gaikwad et al., 2022). Sole maize recorded the highest LAI (3.16 at 60 DAS and 1.84 at harvest), followed by maize intercropped with cowpea in 1:1 ratio (2.98 at 60 DAS and 1.81 at harvest). The lowest LAI was observed in the 2:1 maize–cowpea intercropping system (2.65 at 60 DAS and 1.57 at harvest). At 30 DAS, however, no significant differences were observed among the intercropping treatments. The reduction in LAI with increasing cowpea proportion might be attributed to competition for light, nutrients, and space between maize and cowpea plants (Muoneke et al., 2012) (Kumar et al., 2017).
Nitrogen levels significantly affected LAI of maize. Maximum LAI at 60 DAS (3.08) and at harvest (1.89) was observed under 100% recommended dose of nitrogen (RDN), followed closely by 75% RDN with two foliar sprays of nano urea at 30 and 50 DAS (3.06 at 60 DAS and 1.86 at harvest). The lowest LAI was recorded under 50% RDN with a single nano urea spray (2.65 at 60 DAS and 1.48 at harvest). These results suggest that sufficient nitrogen availability enhances leaf expansion and canopy development, while partial substitution with nano urea can partially compensate for reduced soil-applied nitrogen (Samui et al., 2022).
The interaction between intercropping row ratio and nitrogen management was non-significant for LAI at all growth stages, indicating that the effects of intercropping and nitrogen management were independent in influencing maize canopy development.
Higher LAI in sole maize may be due to the absence of interspecific competition, allowing optimal leaf growth and light interception. Intercropping with cowpea, especially at higher cowpea proportions, reduced LAI likely because maize plants competed with cowpea for light and nutrients. Nitrogen is a crucial component for leaf growth; therefore, higher nitrogen doses, either through soil application or foliar nano urea, supported greater leaf area development. The similar LAI observed with 75% RDN plus two nano urea sprays suggests that foliar nano urea efficiently supplements nitrogen, maintaining canopy growth even under reduced soil nitrogen levels. These findings are consistent with earlier studies reporting that maize LAI is influenced by both intercropping pattern and nitrogen management, with nitrogen availability playing a key role in maximizing leaf area development (Abraha, 2018; Tamta et al., 2019).

3.1 Yield
The graphical representation (Fig. 1) delineates the effect of different intercropping patterns and nitrogen management regimes on the pooled mean yields of maize and cowpea. Sole cropping of cowpea recorded the highest fresh pod yield (10.70 t ha⁻¹), while sole maize produced the maximum grain yield (6.53 t ha⁻¹), which was statistically at par with maize + cowpea (2:1) intercropping (6.29 t ha⁻¹). A progressive reduction in the cowpea proportion within the intercropping system (from 1:1 to 2:1 row ratios) led to a corresponding decline in cowpea fresh pod yield, whereas maize grain yield approached the levels obtained under sole cropping conditions. These results suggest that maize performance improves with increased maize row proportion due to reduced interspecific competition and better utilization of growth resources. Similar beneficial effects of row ratio manipulation on maize yield have been reported by Mbah and Ogbodo (2013) and Mandal et al. (2014).
With respect to nitrogen management, the application of 100% recommended dose of nitrogen (RDN) resulted in significantly higher yields for both maize and cowpea, followed closely by 75% RDN supplemented with two foliar sprays of nano urea at 30 and 50 DAS. For maize, 100% RDN recorded the maximum pooled grain yield (7.71 t ha⁻¹), which remained statistically comparable with 75% RDN + nano urea sprays (7.06 t ha⁻¹). This indicates that substituting 25% of soil-applied nitrogen with foliar nano urea can effectively maintain yield levels equivalent to the full recommended nitrogen dose, thereby enhancing nitrogen use efficiency and reducing dependency on conventional fertilizers. In contrast, 50% RDN treatments, even when combined with foliar nano urea sprays, exhibited substantial yield reductions, reaffirming the critical role of adequate nitrogen nutrition in sustaining interspecific productivity.
Comparable findings were reported by Yadav et al. (2022), who observed that maize–cowpea intercropping at a 1M:1C ratio under integrated nutrient management (75% RDF + Zn + PGPR + FYM) produced fodder yields similar to sole maize while achieving higher crude protein yield. The present results are also consistent with agroecological principles that, while sole cropping maximizes the yield potential of individual crops, intercropping systems optimize land use efficiency and system productivity through complementary resource utilization. Nitrogen, being a vital constituent of chlorophyll and enzymes, plays a pivotal role in photosynthesis, assimilate translocation, and grain or pod development. Foliar application of nano urea acts as an efficient supplementary nitrogen source under reduced soil nitrogen conditions, ensuring better uptake and utilization efficiency. These findings corroborate reports emphasizing balanced nutrient management and system design for achieving sustainable intensification in maize–cowpea intercropping systems (Rathod et al., 2018; Ray et al., 2022; Samui et al., 2022).

Fig 1. Effect of intercropping row ratio and nitrogen management on yield of Maize and Cowpea 
Maize Equivalent Yield
Maize equivalent yield (MEY), which reflects the total productivity of the cropping system, was significantly influenced by intercropping pattern (Figure 2). Intercropping of maize with cowpea resulted in higher MEY compared to sole cropping of either crop. Among the intercropping systems, Maize + Cowpea (1:1) recorded the highest pooled MEY (8.66 t/ha), followed by Maize + Cowpea (2:1) (7.94 t/ha), while sole maize and sole cowpea yielded 6.53 t/ha and 6.08 t/ha, respectively. The enhanced MEY under intercropping can be attributed to better resource utilization, complementary growth habits, and balanced competition between component crops. These results are in agreement with earlier reports by Bedse et al. (2015), Barik et al. (2016), Chhetri (2016), Jan et al. (2016), and Mohanty et al. (2020).
MEY was also significantly affected by nitrogen levels. Application of 100% RDN resulted in the highest pooled MEY (8.89 t/ha), closely followed by 75% RDN + Nano Urea at 30 and 50 DAS (8.31 t/ha). The increase in MEY with higher nutrient levels could be due to improved nutrient availability, enhanced growth, and optimized competition between maize and cowpea. Lower nitrogen levels (50% RDN with foliar nano urea) recorded reduced MEY (6.36 t/ha), highlighting the importance of adequate nitrogen management in intercropping systems. These findings are consistent with observations by Bedse et al. (2015), Yadav et al. (2016), Naik et al. (2017), and Chhetri & Sinha (2018). Overall, intercropping maize with cowpea, particularly in a 1:1 row ratio, combined with optimum nitrogen management (100% RDN or 75% RDN + foliar nano urea), maximized the maize equivalent yield, demonstrating the efficiency and sustainability of this cropping system.

Fig 2. Effect of intercropping row ratio and nitrogen management on Maize Equivalent yield 
Land Equivalent Ratio
The Land Equivalent Ratio (LER) quantifies the efficiency of land use under intercropping compared to sole cropping. A pooled analysis of data (Fig. 3) revealed that LER values exceeded unity in all intercropping treatments, demonstrating a distinct yield advantage over sole cropping.
Among intercropping patterns, the maize + cowpea (1:1) system recorded the highest pooled LER (1.37), followed by maize + cowpea (2:1) (1.24), while sole maize and sole cowpea each had an LER of 1.00. This clearly indicates that intercropping resulted in 37% and 24% higher land use efficiency in 1:1 and 2:1 system, respectively, compared to monocropping. The higher LER under 1:1 row ratio reflects more efficient utilization of available growth resources such as light, moisture, and nutrients due to greater complementarity between maize and cowpea components.
Regarding nitrogen management, the maximum pooled LER (1.19) was recorded with 75% RDN + two foliar sprays of nano urea at 30 and 50 DAS, which was statistically comparable with 100% RDN (1.15). The results highlight that partial substitution of soil-applied nitrogen with nano urea could sustain intercropping efficiency while reducing fertilizer input, thus promoting input use efficiency. Lower LER values (1.10–1.11) were associated with 50% RDN treatments, indicating insufficient nitrogen availability to support the complementary growth of both crops.
Similar conclusions were drawn by Manasa et al. (2020) and Parimaladevi et al. (2019) who emphasized that balanced maize–legume intercropping combined with optimal nitrogen management enhances productivity, profitability, and nitrogen-use efficiency under diverse agro-ecological conditions.

Fig 3. Effect of intercropping row ratio and nitrogen management on Land Equivalent Ratio
Summary and Conclusion
	The present investigation clearly demonstrated that maize–cowpea intercropping offers substantial agronomic and ecological advantages over sole cropping through enhanced yield performance, improved resource use efficiency, and sustainable nitrogen management. The results indicated that intercropping maize with cowpea in a 1:1 row ratio significantly improved the system productivity, recording the highest maize equivalent yield (8.66 t ha⁻¹) and land equivalent ratio (1.37), confirming superior land use efficiency and complementary interactions between the component crops. The 2:1 maize–cowpea arrangement also showed a considerable advantage (LER 1.24), though slightly lower than the 1:1 system, due to reduced legume contribution and biological nitrogen fixation. Nitrogen management exerted a pronounced influence on crop performance. Application of the recommended nitrogen dose (100% RDN) produced the highest grain and pod yields; however, the treatment 75% RDN + two foliar sprays of nano urea at 30 and 50 DAS achieved statistically comparable yields and system productivity (MEY 8.31 t ha⁻¹, LER 1.19). This suggests that partial substitution of soil-applied nitrogen with foliar nano urea can maintain yield potential while reducing chemical nitrogen input by 25%, thereby enhancing nitrogen use efficiency and lowering fertilizer costs and environmental impacts.
	The yield advantage of intercropping systems was largely driven by spatial and temporal complementarity between maize and cowpea. Cowpea, as a legume, contributed to soil fertility improvement through biological nitrogen fixation and residual nitrogen enrichment, while maize efficiently utilized the shared growth resources owing to its C₄ photosynthetic system and erect canopy structure. The synergistic interaction between component crops led to more effective interception of light, utilization of soil moisture, and extraction of nutrients from different soil strata. In conclusion, the combination of maize + cowpea intercropping at 1:1 row ratio with 75% RDN plus foliar nano urea sprays at 30 and 50 DAS emerged as the most efficient and sustainable management strategy under the agro-climatic conditions of central Uttar Pradesh. This integrated approach not only enhances system productivity and profitability but also contributes to sustainable intensification by optimizing resource utilization and reducing dependence on conventional fertilizers. Future research should focus on long-term soil fertility dynamics, nutrient budgeting, and economic sustainability to further validate these findings across varied environments and management systems.
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Table 1. Effect of intercropping row ratio and nitrogen management on plant population, plant height, and dry matter production of maize (pooled data over two years)
	Treatments
	Plant population (m2) final
	Plant height (cm) 
	Dry Matter Production (g m-2)

	Intercropping Row ratio (Main plot)

	Sole Maize
	9.83
	221.01
	2854.74

	Maize + Cowpea (1:1)
	5.43
	213.60
	1196.88

	Maize + Cowpea (2:1)
	6.90
	185.79
	1720.86

	SE(m) ±
	0.20
	4.77
	50.08

	CD (P=0.05)
	0.80
	18.74
	196.65

	Nitrogen Management (Sub plot)

	100 % RDN
	7.83
	214.90
	2096.50

	75% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	7.44
	212.69
	1942.94

	75% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	7.67
	214.48
	1945.78

	50% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	6.78
	189.16
	1771.73

	50% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	7.22
	202.76
	1863.84

	SE(m) ±
	0.25
	3.88
	44.22

	CD (P=0.05)
	NS
	11.31
	129.06

	Interaction

	A × B SE(m) ±
	0.25
	3.88
	44.22

	B × A SE(m) ±
	0.44
	7.67
	84.86

	CD (P=0.05)
	NS
	NS
	NS



Table 2: Effect of Intercropping Row ratio and Nitrogen Management on Leaf Area Index of Maize (pooled data over two years)
	Treatments
	Leaf Area Index (LAI)

	
	30 DAS
	60 DAS
	At Harvest

	Intercropping Row Ratio (Main plot)

	Sole Maize
	1.11
	3.16
	1.84

	Maize + Cowpea (1:1)
	1.11
	2.98
	1.81

	Maize + Cowpea (2:1)
	0.98
	2.65
	1.57

	SE(m) ±
	0.03
	0.09
	0.04

	CD (P=0.05)
	0.10
	0.35
	0.18

	Nitrogen Management (Sub plot)

	100 % RDN
	1.11
	3.08
	1.89

	75% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	1.08
	3.00
	1.80

	75% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	1.10
	3.06
	1.86

	50% RDN + Foliar application of Nano Urea at 30 DAS @ 0.4%
	1.00
	2.65
	1.48

	50% RDN + Foliar application of Nano Urea at 30 and 50 DAS @ 0.4%
	1.04
	2.87
	1.66

	SE(m) ±
	0.02
	0.06
	0.04

	CD (P=0.05)
	0.06
	0.18
	0.12

	Interaction

	A × B SE(m) ±
	0.02
	0.06
	0.04

	B × A SE(m) ±
	0.04
	0.13
	0.08

	CD (P=0.05)
	NS
	NS
	NS



Pooled yield of Maze and Cowpea under different row ratio and Nitrogen Management

Maize Grain Yield (t/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)	6.5299999999999994	5.54	6.29	7.7099999999999991	6.4700000000000006	7.06	4.08	5.29	Cowpea Fresh Pod Yield (t/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)	5.49	2.91	10.7	7.2900000000000009	6.4799999999999995	7.07	5.37	5.61	





MEY (t/ha)	
Sole Maize	Sole Cowpea	Maize + Cowpea (1:1)	Maize + Cowpea (2:1)	100 % RDN	75% RDN + Nano Urea (30 DAS)	75% RDN + Nano Urea (30 	&	 50 DAS)	50% RDN + Nano Urea (30 DAS)	50% RDN + Nano Urea (30 	&	 50 DAS)	Intercropping Row Ratio (A)	Nitrogen Management (B)	6.53	6.08	8.66	7.94	8.89	7.61	8.31	5.35	6.36	


LER (Pooled)	Sole Maize	Sole Cowpea	Maize + Cowpea (1:1)	Maize + Cowpea (2:1)	100 % RDN	75 % RDN + Nano Urea @ 30 DAS	75 % RDN + Nano Urea @ 30 	&	 50 DAS	50 % RDN + Nano Urea @ 30 DAS	50 % RDN + Nano Urea @ 30 	&	 50 DAS	1	1	1.37	1.24	1.1499999999999999	1.1100000000000001	1.19	1.2	1.1000000000000001	





