


Studies on the Effects of Cowpea–Baby Corn Intercropping on Growth, Phenology and Yield Characteristics of Cowpea


Abstract
The present field experiment was conducted during the summer seasons of 2022–23 and 2023–24 at U.B.K.V. Pundibari, West Bengal, to study the effects of cowpea–baby corn intercropping on growth, phenology and yield characteristics of cowpea. The experiment was laid out in a Randomized Block Design with nine treatments, including sole crops and intercropping systems with varying row proportions. Significant differences were observed among treatments. Maximum vine length was recorded in the treatment sole cowpea (C2: 54.67 cm), followed by C6: Baby corn + Cowpea (1:4) (52.87 cm) and C5: Baby corn + Cowpea (1:3) (51.51 cm), while the minimum occurred in C9: Baby corn + Cowpea (4:1) (45.71 cm). The highest number of leaves per plant was in C4: Baby corn + Cowpea (1:2) (53.87), followed by C5 (50.97), with the lowest in C9 (42.17). Primary branches were maximum in C4 (6.77) and minimum in C9 (4.40). Leaf area index peaked in C4 (3.44) and was lowest in C9 (2.79). Phenological observations showed earliest flowering in C4 (44.83 days) and maximum days to flowering in C9 (48.83 days). First harvest occurred earliest in C4 (54.83 days) and maximum days to first harvesting in C9 (60.83 days). Pod yield per plant was highest in C5 (207.85 g) and lowest in C9 (113.80 g), while pod yield per plot was maximum in C2 (19.57 kg) and minimum in C9 (2.28 kg). The study concluded that cowpea-dominant intercropping ratios (1:2 and 1:3) improved growth, phenology and yield, whereas baby corn-dominant systems (3:1 and 4:1) suppressed cowpea performance.
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1. Introduction 
Intercropping is the practice of cultivating two or more crops simultaneously on the same piece of land and it is widely recognized as a strategy to enhance land productivity by optimizing the use of resources that remain underutilized in monocropping systems (Stanciu, 2025). In developing countries, intercropping continues to be a dominant farming practice, with cereal–legume combinations occupying a central role in global agricultural systems (Stone et al., 2025). These systems not only sustain biodiversity and improve yield stability but also mitigate production risks, contributing significantly to global food security by supplying nearly 15–20% of total food production (Yamini et al., 2025). Within the framework of sustainable agriculture, cereal–legume intercropping has been emphasized for its ecological, agronomic, and economic advantages, including efficient resource utilization, biological nitrogen fixation, weed suppression, soil fertility improvement and provision of food-fodder dual benefits (Jena et al., 2022). Such systems hold particular importance in the Terai region of West Bengal, including Cooch Behar, where fragmented landholdings and rising demand for fodder cultivation necessitate integrated approaches.
Cowpea (Vigna unguiculata L. Walp.), also known as asparagus bean, yardlong bean, or snake bean, is a short-duration legume valued for its protein-rich pods and multipurpose uses as a vegetable, pulse, fodder and green manure crop. In addition to enriching soil fertility through symbiotic nitrogen fixation, cowpea contributes to soil conservation and erosion control by producing abundant green biomass (Kumar et al., 2020). Baby corn (Zea mays L.), harvested as immature dehusked cobs two to three days after silk emergence, has emerged globally as a high-value crop with significant potential for both culinary applications and livestock fodder (Bijarnia et al., 2022; Gupta and Dey, 2020). The complementary traits of cowpea and baby corn—nutrient enrichment and fodder provision on one hand and vertical growth with high-value harvest on the other—make them highly suitable for intercropping.
The rising demand for nutritious food and quality green fodder, particularly in peri-urban and urban dairy systems, has led to a pronounced fodder deficit in India (Prasad et al., 2019). Since dedicating land solely for fodder production is often impractical due to land scarcity, cereal–legume intercropping provides a sustainable alternative to address both food and fodder requirements within the same area (Singh et al., 2022). Central to the success of such systems is the manipulation of spatial arrangements and row proportions, which directly influence crop competition, canopy structure and resource partitioning (Karmakar et al., 2017). A higher density of legumes may increase nitrogen contribution and soil cover, while cereal-dominant systems can enhance light capture and biomass productivity (Bamboriya et al., 2022).
Although cereal–legume intercropping has been extensively studied for yield enhancement (Layek et al., 2018), limited research has focused on the detailed responses of cowpea under baby corn intercropping, particularly regarding its growth behaviour, phenological development and yield traits in the agro-climatic conditions of the Terai zone of West Bengal. These parameters are vital to understand intercrop compatibility and to optimize management practices for sustainable intensification. Therefore, the present study was undertaken to evaluate the effects of cowpea–baby corn intercropping on growth, phenology and yield characteristics of cowpea under varying spatial arrangements.
2. Materials and Methods
2.1. Study Site
The field experiment was conducted over two consecutive summer seasons during 2022–23 and 2023–24 at the Experimental Farm of the Department of Vegetable and Spice Crops, Uttar Banga Krishi Viswavidyalaya (UBKV), located at Pundibari, Cooch Behar, West Bengal. The site lies in the Terai agro-climatic zone of the eastern Himalayan foothills and is geographically situated at 26.3667° N latitude and 89.4667° E longitude, with an elevation of approximately 43 meters above mean sea level. The region experiences a humid subtropical climate with a relatively mild winter and well-distributed rainfall during the monsoon season. The soil of the experimental site is sandy loam in texture, moderately acidic in reaction, and low in available nitrogen but medium in phosphorus and potassium content.
2.2. Method of Data Collection
[bookmark: _Hlk207646674]The experiment was laid out in a Randomised Block Design (RBD) with three replications. A total of nine treatments were evaluated, comprising sole crops and different intercropping ratios of cowpea and baby corn. The treatments included sole cropping of baby corn and cowpea, along with eight intercropping combinations based on varying row proportions following the replacement series method. Each plot measured 3 m × 3 m, with a spacing of 30 cm × 15 cm maintained for uniform crop establishment. Sowing was carried out during the month of February in both years of study (2023 and 2024). The treatment details were as C1: Sole baby corn, C2: Sole cowpea, C3: Baby corn + Cowpea (1:1), C4: Baby corn + Cowpea (1:2), C5: Baby corn + Cowpea (1:3), C6: Baby corn + Cowpea (1:4), C7: Baby corn + Cowpea (2:1), C8: Baby corn + Cowpea (3:1) and C9: Baby corn + Cowpea (4:1). Organic manure and chemical fertilizers were applied as per the recommended dose for each crop. For cowpea, FYM at 25 t/ha and N:P₂O₅: K₂O at 50:75:75 kg/ha were applied, while for baby corn, FYM at 12.5 t/ha and N:P₂O₅:K₂O at 100:50:50 kg/ha were used. Half of the nitrogen and the full dose of phosphorus and potassium were applied as basal, and the remaining nitrogen was top-dressed at 30 days after sowing. Observations were recorded on various growth parameters phenological traits and root characteristics mentioned in Table 1-4. Standard procedures were followed for data collection. Leaf area index (LAI) was estimated using a non-destructive method, while root volume was determined by the water displacement method. All observations were subjected to statistical analysis as per the method described by Gomez and Gomez (1984).
3. Result and Discussion 
3.1. Effect of baby corn and cowpea intercropping system on growth characteristics of Cowpea 
The data presented in Table 1 revealed that vine length, number of leaves per plant, number of primary branches, and leaf area index (LAI) of cowpea were significantly influenced by different cowpea and baby corn intercropping systems.
The pooled data indicated that the maximum vine length was recorded in the treatment C2: Sole cowpea (54.67 cm), which followed by the treatment C5: Baby corn + Cowpea (1:3) (51.51 cm) and C6: Baby corn + Cowpea (1:4) (52.87 cm). The lowest vine length was observed in the treatment C9: Baby corn + Cowpea (4:1) (45.71 cm), followed by C8: Baby corn + Cowpea (3:1) (46.56 cm). The superiority of sole cowpea and cowpea-dominant intercropping systems might be attributed to reduced interspecific competition, greater light interception and more photosynthates available for vine elongation. Conversely, in baby corn-dominant systems (3:1 and 4:1), heavy shading and competition for resources reduced cowpea vine growth. These findings corroborate the results of Pierre et al. (2024), who reported that cowpea growth parameters were higher under wider row arrangements and reduced cereal competition.
The pooled for number of leaves showed that maximum leaves were obtained in the treatment C4: Baby corn + Cowpea (1:2) (53.87), followed by C5: Baby corn + Cowpea (1:3) (50.97) and C2: Sole cowpea (46.17). The minimum number of leaves was noted in the treatment C9: Baby corn + Cowpea (4:1) (42.17).Higher number of leaves in cowpea-dominant systems (1:2 and 1:3) may be due to reduced shading from baby corn and favourable canopy development, while lower values in cereal-dominant systems were likely caused by light interception by high plant height of baby corn plants, reducing leaf initiation. Similar observations were made by Bijarnia et al. (2024a), who noted that legumes under cereal-legume intercropping developed fewer leaves under higher cereal dominance due to shading effects.
The pooled data revealed that the highest number of primary branches was recorded in the treatment C4: Baby corn + Cowpea (1:2) (6.77), followed by C5: Baby corn + Cowpea (1:3) (6.13) and C2: Sole cowpea (5.53). The lowest values were observed in C9: Baby corn + Cowpea (4:1) (4.40) and C8: Baby corn + Cowpea (3:1) (4.90). The superiority of the treatment C4 and C5 may be due to better light availability, higher assimilate partitioning towards branching and less competition compared to baby corn-dominant ratios. Branching in legumes is highly sensitive to light intensity and shading reduces axillary bud outgrowth. These results align with Bijarnia et al. (2024b), who reported increased branching in cowpea under wider intercropping arrangements due to reduced shading.
The maximum leaf area index in pooled was recorded in the treatment C4: Baby corn + Cowpea (1:2) (3.44), followed by C5: Baby corn + Cowpea (1:3) (3.20) and C2: Sole cowpea (3.14). The minimum LAI was observed in C9: Baby corn + Cowpea (4:1) (2.79). The enhanced LAI under cowpea-dominant intercropping (C4 and C5) could be attributed to a higher number of leaves and increased leaf expansion, which contributed to better canopy development. The lower LAI under baby corn-dominant systems was due to suppression of cowpea foliage under shade stress. Sowjanya et al. (2023) similarly reported that legume LAI was significantly higher in sole cropping and under wider legume-dominant intercrops, while cereal dominance suppressed leaf area development. Overall, treatment C4: Baby corn + Cowpea (1:2) recorded the highest values for number of leaves, number of branches, and LAI, whereas C2: Sole cowpea was superior in vine length. The lowest growth attributes were consistently found in C9: Baby corn + Cowpea (4:1) and C8: Baby corn + Cowpea (3:1). The results clearly indicate that cowpea growth is favoured under sole cropping and cowpea-dominant systems due to reduced competition and better light interception, while baby corn-dominant systems suppressed growth due to shading and resource competition.
3.2 Effect of baby corn and cowpea intercropping system on phenological characteristics of Cowpea 
The effect of different intercropping systems on days to 50% flowering in cowpea is presented in Table 2. In pooled data the earliest flowering in was observed in the treatment C4: Baby corn + Cowpea (1:2) with 44.83 days, which was followed by the treatment C5: Baby corn + Cowpea (1:3) (45.50 days), C6: Baby corn + Cowpea (1:4) (46.17 days), and C2: Sole cowpea (46.67 days). Delayed flowering was recorded in baby corn-dominant treatments, with the maximum in C8: Baby corn + Cowpea (3:1) (48.17 days) and C9: Baby corn + Cowpea (4:1) (48.83 days), while C7: Baby corn + Cowpea (2:1) (47.00 days) showed an intermediate value. The results suggest that cowpea-dominant systems and sole cropping favoured early flowering due to reduced competition stress, whereas baby corn-dominant systems delayed flowering due to shading and interspecific competition. Similar observations were made by Dimande (2024), who reported that intercropping with maize delayed flowering in cowpea due to shading effects. Pierre et al. (2024) also confirmed that higher maize density prolongs the vegetative period of cowpea by restricting resource availability.
The effect of different intercropping systems on days to 50% pod setting in cowpea is presented in Table 2. The minimum number of days for 50% pod setting was observed in C4: Baby corn + Cowpea (1:2) (48.67 days pooled), closely followed by C5: Baby corn + Cowpea (1:3) (49.83 days) and C6: Baby corn + Cowpea (1:4) (50.50 days). The maximum delay in pod set occurred in C8: Baby corn + Cowpea (3:1) (52.83 days) and C9: Baby corn + Cowpea (4:1) (53.67 days). These findings indicate that balanced and cowpea-dominant systems provided favourable conditions for faster reproductive transition, whereas baby corn-dominant systems prolonged vegetative growth, delaying pod initiation. These results indicate that pod setting in cowpea was accelerated under cowpea-dominant ratios, while maize-dominant and 1:1 arrangement delayed reproductive initiation. Early pod setting in 1:2 and 1:3 systems may be attributed to better light penetration, reduced shading and favourable microclimatic conditions, which hastened the transition from vegetative to reproductive phase. Similar results were reported by Gaikwad (2022), who observed delayed flowering and pod setting of cowpeas under maize-dominant intercropping. Tetteh et al. (2021) also emphasized that balanced row geometry in maize–cowpea systems lead to timely reproductive growth in cowpea by minimizing competition stress.
[bookmark: _GoBack]The minimum days to first harvest was recorded in the treatment C4: Baby corn + Cowpea (1:2) (54.83 days pooled), followed by C2: Sole cowpea (56.67 days), C5: Baby corn + Cowpea (1:3) (56.17 days), and C6: Baby corn + Cowpea (1:4) (58.00 days). Delayed harvesting was observed in baby corn-dominant systems, particularly C9: Baby corn + Cowpea (4:1) (60.83 days) and C8: Baby corn + Cowpea (3:1) (59.33 days) (Table 2). This trend highlights that higher cowpea proportions reduced competitive stress and accelerated pod development, while higher baby corn proportions delayed maturity. Similar results were reported by Dimande et al., (2024), who observed early harvesting of cowpea in wider maize–cowpea intercropping ratios. Arif et al. (2024) also highlighted that balanced intercrop geometries facilitate earliness in legumes by mitigating competition effects.
The duration of harvesting (last harvest) was also significantly influenced by intercropping systems. The shortest duration was recorded in the treatment C4: Baby corn + Cowpea (1:2) (69.33 days pooled), followed by the treatment C2: Sole cowpea and C5: Baby corn + Cowpea (1:3) (both 71.17 days). Extended harvesting duration was observed in baby corn-dominant treatments, with the maximum in C9: Baby corn + Cowpea (4:1) (76.83 days) and C8: Baby corn + Cowpea (3:1) (76.17 days), followed by C7: Baby corn + Cowpea (2:1) (75.33 days) (Table 2). The results indicate that baby corn-dominant systems delayed crop maturity, possibly due to prolonged competition and reduced assimilate availability, whereas cowpea-dominant systems and sole cropping ensured early maturity and harvesting.
3.3 Effect of baby corn and cowpea intercropping system on yield of Cowpea 
The effect of different intercropping systems on pod yield per plant and pod yield per plot of cowpea is presented in Table 3 and Fig.1 and Fig.2. Among the treatments, the maximum pod yield per plant (207.85 g) and per plot (16.57 kg) was recorded in the treatment C5: Baby corn + Cowpea (1:3), closely followed by C4: Baby corn + Cowpea (1:2) (207.85 g/14.55 kg). This may be attributed to optimum plant population, efficient utilization of resources and reduced interspecific competition at these planting proportions, which promoted better flowering, pod formation and filling. The treatment C2: Sole Cowpea also recorded comparatively higher pod yield per plant (195.71 g) and per plot (19.57 kg), which was expected due to the absence of competition from baby corn, thereby ensuring maximum availability of space, light, and nutrients exclusively for cowpea growth.
On the contrary, the lowest pod yield per plant (113.80 g) and pod yield per plot (2.28 kg) was observed in the treatment C9: Baby corn + Cowpea (4:1), followed by C8: Baby corn + Cowpea (3:1) (124.86 g/2.50 kg). This reduction in yield can be ascribed to higher population pressure of baby corn rows, which resulted in severe shading, reduced photosynthetic activity, poor pod setting and ultimately lower productivity of cowpea. Similarly, C7: Baby corn + Cowpea (2:1) (147.42 g/4.42 kg) also exhibited a substantial decline in yield compared to wider cowpea intercropping ratios. These results clearly indicate that yield performance of cowpea in intercropping was highly influenced by row proportions of the component crops. Wider cowpea row arrangements (1:2 and 1:3) favoured yield improvement, whereas increased baby corn density (2:1, 3:1, and 4:1) suppressed cowpea yield due to competition for light, nutrients and moisture. Comparable findings were also reported by Bijarnia et al. (2022) and Nurgi et al. (2023), who observed that balanced intercropping ratios enhanced yield attributes of legumes by improving canopy expansion, resource sharing, and light interception, while dense cereal dominance restricted legume productivity. The result of present experiment showed that wider cowpea proportions such as Baby corn + Cowpea (1:2) and (1:3) are agronomically favourable for achieving higher pod yield per plant and per plot in cowpea.
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Table 1: Effect of cowpea and baby corn intercropping system on different growth characteristics of cowpea.
	Treatment 
	Vine length
	No. of leaves
	Number of Primary Branches
	LAI

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

	C1: Sole Baby corn
	-
	-
	-
	-
	-
	-
	-
	-
	-
	–
	–
	–

	C2: Sole cowpea
	53.11
	56.23
	54.67
	42.80
	49.53
	46.17
	5.20
	5.87
	5.53
	3.00
	3.28
	3.14

	C3: Baby corn + Cowpea (1:1)
	45.36
	50.99
	48.17
	40.87
	45.07
	42.97
	4.33
	5.47
	4.90
	2.82
	3.01
	2.91

	C4: Baby corn + Cowpea (1:2)
	48.75
	53.59
	51.17
	57.00
	50.73
	53.87
	6.27
	7.27
	6.77
	3.62
	3.26
	3.44

	C5: Baby corn + Cowpea (1:3)
	51.74
	52.80
	51.51
	53.20
	48.73
	50.97
	5.27
	7.00
	6.13
	3.43
	2.98
	3.20

	C6: Baby corn + Cowpea (1:4)
	50.23
	54.00
	52.87
	50.47
	47.27
	48.87
	4.93
	6.27
	5.60
	3.26
	3.02
	3.14

	C7: Baby corn + Cowpea (2:1)
	48.69
	50.82
	49.76
	49.87
	43.73
	46.80
	4.53
	5.60
	5.07
	3.14
	3.02
	3.08

	C8: Baby corn + Cowpea (3:1)
	47.66
	45.46
	46.56
	47.00
	41.80
	44.40
	4.07
	5.73
	4.90
	3.08
	2.88
	2.98

	C9: Baby corn + Cowpea (4:1)
	46.53
	44.89
	45.71
	44.33
	40.00
	42.17
	3.93
	4.87
	4.40
	2.93
	2.64
	2.79

	SEm ±
	0.63
	0.83
	0.52
	3.35
	2.69
	2.15
	0.07
	0.07
	0.05
	0.04
	0.04
	0.03

	CD (P=0.05)
	1.90
	2.48
	1.51
	10.04
	8.06
	6.18
	0.21
	0.22
	0.14
	0.13
	0.12
	0.08



Table 2: Effect of cowpea and baby corn intercropping system on different phenological characteristics of cowpea.
	Treatment 
	Days to 50% Flowering
	Days to 50% Pod Set
	Days to first harvesting
	Days to last harvest

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

	C1: Sole Baby corn
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–

	C2: Sole cowpea
	44.33
	49.00
	46.67
	48.67
	53.00
	50.83
	54.67
	58.67
	56.67
	69.00
	73.33
	71.17

	C3: Baby corn + Cowpea (1:1)
	45.33
	52.33
	48.83
	49.33
	56.33
	52.83
	56.00
	62.00
	59.00
	72.33
	75.00
	73.67

	C4: Baby corn + Cowpea (1:2)
	43.67
	46.00
	44.83
	47.33
	50.00
	48.67
	53.33
	56.33
	54.83
	67.67
	71.00
	69.33

	C5: Baby corn + Cowpea (1:3)
	44.67
	46.33
	45.50
	49.00
	50.67
	49.83
	55.00
	57.33
	56.17
	69.33
	73.00
	71.17

	C6: Baby corn + Cowpea (1:4)
	44.67
	47.67
	46.17
	49.33
	51.67
	50.50
	55.33
	60.67
	58.00
	71.33
	74.33
	72.83

	C7: Baby corn + Cowpea (2:1)
	46.00
	48.00
	47.00
	50.67
	52.00
	51.33
	56.67
	61.00
	58.83
	74.33
	76.33
	75.33

	C8: Baby corn + Cowpea (3:1)
	47.00
	49.33
	48.17
	52.00
	53.67
	52.83
	58.00
	60.67
	59.33
	75.33
	77.00
	76.17

	C9: Baby corn + Cowpea (4:1)
	46.67
	51.00
	48.83
	52.33
	55.00
	53.67
	59.33
	62.33
	60.83
	75.67
	78.00
	76.83

	SEm ±
	1.66
	2.62
	1.56
	1.52
	2.57
	1.50
	1.44
	2.20
	1.32
	1.59
	1.55
	1.13

	CD (P=0.05)
	4.97
	7.85
	4.47
	4.55
	7.72
	4.31
	4.32
	6.59
	3.79
	4.78
	4.65
	3.24






Table 3: Effect of cowpea and baby corn intercropping system on different yield characteristics of cowpea.
	Treatment
	Pod yield per plant (g)
	Pod yield per plot (kg)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	C1: Sole Baby corn
	–
	–
	–
	–
	–
	–

	C2: Sole cowpea
	185.57
	205.84
	195.71
	18.56
	20.58
	19.57

	C3: Baby corn + Cowpea (1:1)
	156.97
	168.67
	162.82
	7.85
	8.43
	8.14

	C4: Baby corn + Cowpea (1:2)
	202.37
	213.33
	207.85
	14.17
	14.93
	14.55

	C5: Baby corn + Cowpea (1:3)
	194.06
	220.07
	207.06
	15.52
	17.61
	16.57

	C6: Baby corn + Cowpea (1:4)
	171.55
	195.32
	183.43
	13.72
	15.63
	14.67

	C7: Baby corn + Cowpea (2:1)
	144.98
	149.85
	147.42
	4.35
	4.50
	4.42

	C8: Baby corn + Cowpea (3:1)
	121.31
	128.40
	124.86
	2.43
	2.57
	2.50

	C9: Baby corn + Cowpea (4:1)
	107.42
	120.18
	113.80
	2.15
	2.40
	2.28

	SEm ±
	2.04
	2.42
	1.60
	0.46
	0.36
	0.29

	CD (P=0.05)
	6.12
	7.25
	4.60
	1.39
	1.07
	0.85



Fig. 1: Influence of different treatment on yield per plant (g) of Cowpea


Fig. 2: Influence of different treatment on yield per plot (Kg) of Cowpea



4. Conclusion
The baby corn and cowpea intercropping system significantly influenced growth, phenological, and yield attributes of cowpea. Sole cowpea and cowpea-dominant intercropping ratios (1:2 and 1:3) favoured superior vine length, leaves, branches, and leaf area index due to reduced competition and better light availability. These systems also accelerated flowering, pod setting, and harvesting. Baby corn dominance suppressed cowpea growth and delayed phenology due to shading and competition. The highest pod yield per plant and plot occurred in the 1:3 cowpea-dominant system, confirming that balanced intercropping optimizes resource use and yield in cowpea.
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