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Growth, Yield and Productivity of Maize + Cowpea Intercropping as Affected by Varietal Combination and Relative Times of Planting
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ABSTRACT

	Aims: Maize-cowpea intercropping has been identified as a sustainable practice for enhancing food security and resource efficiency in smallholder farming systems. This study investigated the effects of varying varietal combinations and relative planting times on growth, yield attributes, and productivity within maize-cowpea intercrop systems.

Study design: A 3 x 3 factorial laid out in a Randomized Complete Block Design (RCBD) with four replications.

Place and Duration of Study: Mampong-Ashanti, located in the Forest–Savannah Transition Zone of Ghana, during the 2021 minor and 2022 major cropping seasons.

Methodology: The study included four sole crops comprising three maize varieties and one cowpea variety. The treatments were: (A) three varietal combinations [(i) Abontem maize + Zamzam cowpea, (ii) Opeaburo maize + Zamzam cowpea and (iii) Omankwa maize + Zamzam cowpea] and three relative times of planting [(i) maize planted 2 weeks before cowpea (M2WBC), (ii) maize planted simultaneously with cowpea (SIM) and (iii) cowpea planted 2 weeks before maize (C2WBM)]. 

Results: The results showed that sole cropping of Opeaburo maize promoted earlier tasseling and silking, while cowpea flowered earlier when planted after Opeaburo. For vegetative growth, sole Omankwa and Opeaburo produced the tallest maize plants. Cowpea grown simultaneously with Omankwa or Abontem also recorded greater plant height. For yield and yield components, maximum maize grain yield during the 2021 minor season (4.16 t ha⁻¹) was obtained when Omankwa was planted two weeks after cowpea, while in the 2022 major season, sole Omankwa recorded the highest yield (2.94 t ha⁻¹). Cowpea grain yield peaked under sole cropping in the 2021 minor season (346.50 kg ha⁻¹) and under simultaneous planting with Opeaburo in 2022 (405.25 kg ha⁻¹). Land Equivalent Ratio (LER) indicated greater efficiency in Abontem + Zamzam when maize was sown two weeks before cowpea, and in Opeaburo + Zamzam under simultaneous planting. Based on these findings, planting Abontem maize either two weeks before or simultaneously with cowpea is recommended for farmers interested in maize-cowpea intercropping for higher yield.
Conclusion: Varietal combination and relative times of planting had a varying effect on maize and cowpea growth and yield.
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1. INTRODUCTION
Maize (Zea mays L.) is a major staple crop cultivated widely across West Africa, serving as a key food source in many rural communities. It ranks as the third most important cereal for human consumption globally, following rice and wheat (Amanjyoti et al., 2024). Maize is a dual-purpose crop used for both human consumption and animal feed (Song et al., 2025). Nearly every part of the maize plant, including the grain, stalk, leaves, tassel, and cob has economic value, contributing to a variety of food and non-food products. In Southern Ghana, smallholder farmers often grow maize in traditional intercropping systems involving five to six crops. Cowpea (Vigna unguiculata (L.) Walp) is an essential legume, especially in the dry savannas of West Africa. Of the 12.5 million hectares of cowpea cultivated globally, a significant portion lies in West Africa (Ampah, 2020). Nigeria leads in cowpea production with 2.92 million tonnes annually, followed by Niger with 1.10 million tonnes (Nwagboso et al., 2024). Cowpea thrives in semi-arid tropical regions and plays a vital role in food and fodder production. It is particularly valued for its ability to fix atmospheric nitrogen through symbiotic Rhizobia bacteria in root nodules, reducing the need for synthetic nitrogen fertilizers (Abd-Alla et al., 2023).

Intercropping, defined as the cultivation of two or more crops simultaneously on the same land (Ampah, 2020), is a common agricultural practice that supports ecological diversity and improves resource use efficiency. Globally, intercropping contributes 15–20% of the food supply (Maitra et al., 2021). In Ghana, maize-cowpea intercropping is widespread estimated to be practiced by 52 – 60% of small-scale farmers in the south using traditional open-pollinated maize varieties (Kombat et al., 2024). In the north, intercropping is primarily adopted to cope with limited land and erratic rainfall, helping to ensure household food security. Cowpea holds a strategic position in Ghanaian cropping systems due to its nitrogen-fixing capacity and compatibility with cereals like maize. However, farmers often lack knowledge on optimized planting patterns and timing, leading to random planting without defined row arrangements. Despite this, intercropping remains advantageous, offering ecological, biological, and socio-economic benefits over sole cropping systems. Studies have shown that intercropping provides diversified harvests, better land use, and higher overall yields due to complementary growth patterns and staggered resource demand among component crops (Gelaye, 2025). Ampah (2020) recommend integrating cowpea into farming systems in humid zones for its potential to provide both green manure and food products. When nitrogen fertilizers are not applied, legumes like cowpea primarily fix atmospheric nitrogen, minimizing competition with maize (Dimande et al., 2024). Intercropping systems often outperform monocultures in yield because they utilize light, water, and nutrients more efficiently (Khanal et al., 2021). Cowpea, particularly, is well accepted by farmers in northern Ghana due to its versatility for food and occasional use of leaves and seeds for home consumption. Although intercropping is a widely practiced agricultural strategy, limited studies have focused on its effects on the physiology and productivity of hybrid maize. Li et al. (2021) highlighted several advantages of intercropping for small-scale farmers, noting that when suitable crops are intercropped at the appropriate sowing dates, it can enhance soil fertility, boost productivity, and minimize the risk of total crop failure. Similarly, Ampah (2020) reported that varying the planting time of component crops improves resource utilization and reduces interspecific competition. However, this finding contrasts with Bayei & Banta, (2021), who observed that the timing of cowpea introduction in maize had no significant effect on maize growth. Nonetheless, delaying cowpea planting beyond 14 days after maize sowing led to substantial reductions in cowpea growth parameters. In many cases, farmers mix local maize with local cowpea varieties, often resulting in suboptimal yields due to improper crop combinations and poorly timed planting. The potential benefits of maize-cowpea intercropping have not been fully realized, particularly in terms of selecting suitable varieties and optimizing sowing dates to enhance the performance of both crops. A key advantage of this system is its ability to produce higher yields per unit area, thereby maximizing the efficiency of available resources and nutrients based on the complementary use of growth factors by the component crops. Intercropping maize and cowpea serves as an alternative production system for smallholder farmers, enabling improved income and food output per unit area (Biruk et al., 2021), while also mitigating the risk of total crop failure under challenging environmental conditions (Maitra et al., 2021). Despite the widespread cultivation of maize and cowpea in Ghana, their current production levels remain insufficient to meet national demand. Intercropping continues to be a dominant practice among smallholder farmers, particularly in systems where inputs such as inorganic fertilizers are often unaffordable. As noted by Chimonyo et al. (2023), cereal-legume intercropping plays a crucial role in maintaining soil fertility and supporting subsistence agriculture in developing countries. However, little research has been conducted on the intercropping potential of recently released maize and cowpea varieties in Ghana since 2000. Therefore, a pressing need to investigate the effects of varietal combinations and relative planting times on the growth and yield performance of maize-cowpea intercrop systems. 


2. material and methods

2.1 Description of Study Area

The experiments were conducted during the minor season of 2021 (August to December, 2021) and the major season of 2022 (March to July, 2022) at the experimental fields of AAMUSTED, Mampong-Ashanti. Mampong-Ashanti (70, 81, N and 10, 241, W) is located in the forest-savannah agroecological zone of Ghana. Mampong-Ashanti is about 457.5 m above sea level. The soils at Mampong-Ashanti belong to the Bediese series of the Savannah Ochrosol. The soil is sandy loam, well drained with thin layer of organic matter with characteristics deep yellowish red colour, friable and free from stones. The pH ranges from 6.5 – 7.0. Mampong-Ashanti has a bimodal rainfall pattern with annual rainfall between 1094.4 mm and 1200 mm and monthly mean rainfall of about 91.2 mm. The major season start from March and ends in July, with a peak rainfall in June, while the minor season occurs between August and November with a peak rainfall in October. The mean daily temperature ranges from 25 0C to 37 0C.

2.2 Experimental Design and Treatment 	
The experimental design used was 3 x 3 factorial laid out in a Randomized Complete Block Design (RCBD) with four replications. The treatments were: (A) three varietal combinations [(i) Abontem maize + Zamzam cowpea, (ii) Opeaburo maize + Zamzam cowpea and (iii) Omankwa maize + Zamzam cowpea] and three relative times of planting [(i) maize planted 2 weeks before cowpea (M2WBC), (ii) maize planted simultaneously with cowpea (SIM) and (iii) cowpea planted 2 weeks before maize (C2WBM)]. Four sole crops of three maize varieties and the cowpea variety were added. Each maize-cowpea intercrop plot comprised three sets of one maize row alternating with two cowpea rows, with each row measuring 5 m in length. The middle one set of the intercrop served as the harvestable rows or plots. Intercrop spacing was 50 cm between rows, with within-row spacing of 40 cm for maize and 20 cm for cowpea. Sole maize was planted at a spacing of 80 cm × 40 cm, while sole cowpea was planted at 50 cm × 20 cm. 
[bookmark: _Toc180732332]2.3 Cultural/Management Practices	
[bookmark: _Toc180732333]2.3.1 Land Preparation and Planting 
[bookmark: _Toc180732334]The land was prepared using the conventional method, involving ploughing followed by harrowing. Intercrops were established by either planting maize first, cowpea first, or both crops simultaneously on 14th September 2021 and 8th April 2022. Then the maize and cowpea which were planted 2 weeks after the cowpea or maize were planted on the 29th September 2021 and 22nd April 2022. Seeds of maize and cowpea were obtained from the Crops Research Institute of the Council for Scientific and Industrial Research (CSIR-CRI), Fumesua. The maize varieties used were Omankwa, Opeaburo, and Abontem, while the cowpea variety was Zamzam. Omankwa is a CSIR-CRI/SARI hybrid with white seed colour, early maturity, and a yield potential of 5–6 t/ha. Opeaburo is a drought-resistant hybrid producing large cobs with high yields. Abontem is also a high-yielding, drought-tolerant hybrid with a potential yield of 5–6 t/ha. Zamzam, the cowpea variety, is an erect type with white seeds, released by CSIR-CRI, and has a yield potential of about 500 kg/ha.
2.3.2 Weed Control	
 Weeding was done manually with a hoe and cutlass. The first weeding was done two weeks after seedling emergence. The second and third weeding were done 30 and 60 days after planting, respectively. The weeding was to ensure that the weeds do not compete with the crops for nutrients and soil water to ensure optimum yield.
[bookmark: _Toc180732335]2.3.3 Pest and Disease Control 
Emaster (a.i. Emamectin benzoate) insecticide at a rate of 10 - 30 ml per acre was applied to control fall armyworm infestation two weeks after seedling emergence and any time the fall armyworm appeared on the field with the aid of a CP 15L knapsack sprayer. Cowpea plants were sprayed with 0.3L per hectare Karate (R) (a.i. cypermethrin 10) at weekly intervals for three weeks after flowering began, to control pod foliage and insect infestation.
[bookmark: _Toc180732336]2.4 Data collected
[bookmark: _Toc180732337]2.4.1 Maize Data	
[bookmark: _Toc180732349]Days to 50% tasseling in both sole and intercrop maize were recorded as the number of days from sowing until 50% of the plants in the central harvest rows had tasseled. Similarly, days to 50% silking were determined as the number of days after sowing when 50% of the plants in the two central harvest rows had produced silks. Plant height was measured on five randomly selected and tagged plants from the two central harvest rows at three weeks after planting and subsequently at two-week intervals, using a meter rule. At harvest, five cobs randomly selected from the two central harvest rows were de-husked and measured for diameter (at the widest point using a Vernier caliper) and length (using a meter rule). The mean values were then computed. For 100-seed weight, one hundred seeds were randomly selected from each plot after shelling, weighed on a Westinghouse electronic scale, and the average was recorded. Grain yield was determined from the harvested grains in the harvestable area per plot for both sole and intercrop maize, and converted to yield per hectare.
2.4.2 Cowpea Data 	
[bookmark: _Toc180732360]Days to 50% flowering in cowpea were recorded as the number of days from sowing until 50% of the plants in the central harvest rows had flowered. Similarly, days to 50% podding were determined when 50% of the plants in the same rows had produced pods. Plant height was measured from the base to the apex leaf using a meter rule on five randomly selected and tagged plants in the two central rows, beginning three weeks after planting and subsequently at two-week intervals, for both sole and intercrop cowpea. Grain yield was obtained from the harvested grains within the harvestable area of each plot for both sole and intercrop cowpea, and converted to yield per hectare.

2.5 Land Equivalent Ratio (Intercrop Productivity)
Land equivalent ratio shows the effectiveness of intercropping over the pure stand. A land equivalent ratio of more than 1 shows the economic productivity of the intercrop over the pure stand and that it is advantageous to grow such crops in a mixture than in pure stand and the vice versa. In other to determine whether a given intercropping pattern is advantageous or more productive than the other, LER was calculated as;
LER = Σ  (YI/YS) (Khademi et al., 2023), where 
Y = Yield of crop 1 in intercropping, and
Y = Yield of crop 1 in sole cropping
[bookmark: _Toc79575466][bookmark: _Toc148941963][bookmark: _Toc149036690][bookmark: _Toc180732361]2.6 Data Analysis
 The data was analysed using the analysis of variance (ANOVA) with SAS statistical software package (SAS 9.6). Least Significant Difference (LSD) was used to separate the treatment means at 5% probability level.

3. results
3.1 Climatic Conditions at the Experimental site
[bookmark: _Toc148944437][bookmark: _Toc149036694]During the 2021 minor rainy season, total rainfall amounted to 676.7 mm. Relative humidity peaked at 77% in August and September, while the lowest value (58%) was recorded in December. The mean maximum and minimum temperatures were 31.9 °C and 23.06 °C, respectively (Table 1). In the 2022 major rainy season, total rainfall was 689.2 mm. The highest relative humidity (74%) occurred in June and July, whereas the lowest (66%) was observed in April. The mean maximum and minimum temperatures were 26.76 °C and 23.44 °C, respectively (Table 2).
Table 1: Climatic data for 2021 Minor cropping season for Experiment one (1)
	Month 
	Total Rainfall (mm)
	Relative Humidity (%)
	Mean Temperature (̊C)

	
	
	
	Max
	Min

	August, 2021
	169.5
	77
	29.7
	22.7

	September
	225.1
	77
	30.3
	23.2

	October 
	208.7
	72
	32.1
	22.3

	November
	73.4
	68
	33.1
	23.4

	December
	0.0
	58
	34.3
	23.7

	Total
	676.7
	
	     
	


(Ghana Meteorological Agency – Mampong Ashanti, 2021).

Table 2: Climatic data for 2022 Major cropping season for Experiment Two (2)
	Month 
	Total Rainfall (mm)
	Relative Humidity (%)
	Mean Temperature (̊C)

	
	
	
	Max
	Min

	March, 2022
	109.2
	67
	34
	23.9

	April
	79.6
	66
	33.1
	23.5

	May
	147.8
	71
	32.7
	23.8

	June
	149.0
	74
	31
	23.3

	July
	203.6
	74
	30
	22.7

	Total
	689.2
	
	
	


(Ghana Meteorological Agency – Mampong Ashanti, 2022).

[bookmark: _Toc180732363][bookmark: _Toc148941967][bookmark: _Toc149036696]3.2 Maize Phenology 
[bookmark: _Toc180732366]3.2.1 Days to 50% tasseling
[bookmark: _Toc148941976][bookmark: _Toc149036708][bookmark: _Toc180732367]The results for days to 50% tasseling of maize varieties Abontem, Opeaburo, and Omankwa under sole and intercrop conditions are presented in Table 3. In intercrops, days to 50% tasseling ranged from 48 to 52 days in 2021 and 48 to 51 days in 2022. For sole maize, tasseling occurred between 47 and 51 days in 2021 and 47 to 52 days in 2022 (Table 3). Significant differences (p ≤ 0.05) were observed among varietal combinations and relative times of planting (RTP). However, no significant differences were detected between seasons or for any of the interaction effects (variety × RTP, variety × season, RTP × season, or variety × RTP × season). Generally, Omankwa intercropped with Zamzam tasseled latest (52 days), while Abontem and Opeaburo tasseled earlier (48 days). Likewise, maize planted two weeks after cowpea tasseled later than maize planted either simultaneously with, or two weeks before, cowpea.
3.2.2 Days to 50% silking
The results for the days to 50% silking for maize varieties (Abontem, Opeaburo, and Omankwa) intercrops and sole crops are shown in Table 3. Similar to days to tasselling, the days to 50% silking for maize component crops differed among varietal combinations and relative times of planting. There were no differences in seasons nor any of the factor interactions. Omankwa intercropped with Zamzam silked late (56.7 days) than Abontem (53 days) and Opeaburo (53 days). Maize planted 2 weeks before cowpea generally silked later compared to maize planted simultaneously or 2 weeks after cowpea.
[bookmark: _Toc148944442][bookmark: _Toc149036709][bookmark: _Toc180732368]Table 3: Days to 50% tasseling and days to 50% silking of maize as influenced by variety and relative times of planting (RTP) for 2021 minor and 2022 major cropping seasons.
	Treatment
	Days to 50% tasseling
	Days to 50% silking

	Varietal combination (VC)
	Relative times of planting (RTP)
	2021
	2022
	Mean
	2021
	2022
	Mean

	Abontem + Zamzam
	M2WBC
	48
	51
	49.50
	53
	57
	55.00

	
	SIM
	48
	49
	48.50
	53
	55
	54.00

	
	C2WBM
	49
	49
	49.00
	53
	55
	54.00

	Opeaburo + Zamzam
	M2WBC
	49
	49
	49.00
	53
	54
	53.50

	
	SIM
	48
	49
	48.50
	52
	53
	52.50

	
	C2WBM
	48
	49
	48.50
	53
	55
	54.00

	Omankwa + Zamzam
	M2WBC
	52
	49
	50.50
	57
	55
	56.00

	
	SIM
	52
	48
	50.00
	56
	55
	55.50

	
	C2WBM
	52
	48
	50.00
	57
	53
	55.00

	Sole Abontem
	-
	48
	52
	50.00
	53
	56
	54.50

	Sole Opeaburo
	-
	47
	48
	47.50
	54
	55
	54.50

	Sole Omankwa
	-
	51
	47
	49.00
	57
	53
	55.00

	CV (%)	
	
	2.61
	
	3.47
	



	Season
	LSD(0.05)=NS
	
	LSD(0.05)=NS
	

	Varietal combination (VC)
	LSD(0.05)=0.74
	(p=<.0001)
	LSD(0.05)=1.09
	(p=<.0001)

	RTP
	LSD(0.05)=0.74
	(p=0.0032)
	LSD(0.05)=1.09
	(p=0.0127)

	Variety x RTP
	LSD(0.05)= NS
	
	LSD(0.05)= NS
	

	Variety x Season
	LSD(0.05)= NS
	
	LSD(0.05)= NS
	

	RTP x Season
	LSD(0.05)= NS
	
	LSD(0.05)= NS
	

	Variety x RTP x Season
	LSD(0.05)= NS
	
	LSD(0.05)= NS
	


RTP= Relative times of planting, LSD= Least significant difference, SIM= Maize and cowpea planted simultaneously, M2WBC = Maize planted two weeks before cowpea, C2WBM = Cowpea planted two weeks before maize.

[bookmark: _Toc180732369]3.3 Maize growth 
[bookmark: _Toc180732370]3.3.1 Plant height of maize
Figures 1a and 1b shows result of plant height of maize varieties and their intercrops from 21 DAP to 77 DAP for the growing seasons. The plant height increased throughout the entire period from 21 DAP to 77 DAP for both seasons. Generally, Opeaburo + Zamzam + cowpea planted 2 weeks before maize showed the highest increase in height for the 2021 growing season with Omankwa + Zamzam where maize was planted 2 weeks before cowpea (Figure 1a). For the 2022 growing season, sole Opeaburo had the increased in height followed by Omankwa + Zamzam where maize was planted 2 weeks before the cowpea (Figure 1b).

 Figure 1. Plant height of maize as influenced by varietal combination and relative times of planting in maize + cowpea intercrop at Mampong during 2021 and 2022 growing seasons.


[bookmark: _Toc180732374][bookmark: _Toc180732381]3.4 Yield and yield components of maize
3.4.1 Grain yield
[bookmark: _Toc180732382]Results for maize grain yield as influenced by variety and relative time of planting (RTP) in the 2021 minor and 2022 major cropping seasons are presented in Table 4. Grain yield ranged from 0.50 - 2.52 t ha⁻¹ for Abontem intercropped with cowpea, 0.24 - 2.04 t ha⁻¹ for Opeaburo intercropped with cowpea, and 0.26 - 4.16 t ha⁻¹ for Omankwa intercropped with cowpea. For sole crops, yields ranged from 2.69 - 2.87 t ha⁻¹ for Abontem, 2.06 - 3.46 t ha⁻¹ for Opeaburo, and 2.94 - 3.22 t ha⁻¹ for Omankwa. The highest maize grain yield (4.16 t ha⁻¹) during the 2021 minor season was obtained from Omankwa planted two weeks after cowpea. In the 2022 major season, the highest yield (2.94 t ha⁻¹) was recorded under sole Omankwa. The lowest yield (0.24 t ha⁻¹) in the 2021 minor season occurred with Opeaburo intercropped when maize was planted two weeks before cowpea, while in the 2022 major season, the lowest yield (0.26 t ha⁻¹) was observed for Omankwa intercropped with cowpea at RTP2. Statistical analysis showed no significant differences (p>0.05) for season, variety, RTP, or their interactions (season × variety, season × RTP, variety × RTP, and season × variety × RTP) across the two cropping seasons.
Table 4: Grain yield of maize as influenced by variety and relative times of planting (RTP) for 2021 minor and 2022 major cropping seasons.
	Treatment
	Grain yield (t ha-1)

	Varietal combination (VC)
	Relative times of planting (RTP)
	2021
	2022
	Mean

	Abontem + Zamzam
	M2WBC
	1.76
	2.89
	2.33

	
	SIM
	3.52
	1.5
	2.51

	
	C2WBM
	2.14
	3.09
	2.62

	Opeaburo + Zamzam
	M2WBC
	2.79
	2.64
	2.72

	
	SIM
	1.24
	2.88
	2.06

	
	C2WBM
	3.04
	1.9
	2.47

	Omankwa + Zamzam
	M2WBC
	3.28
	2.74
	3.01

	
	SIM
	3.09
	1.26
	2.18

	
	C2WBM
	5.16
	2.75
	3.96

	Sole Abontem
	-
	3.69
	3.87
	3.78

	Sole Opeaburo
	-
	4.46
	3.06
	3.76

	Sole Omankwa
	-
	4.22
	3.94
	4.08

	CV (%)	
	
	27.41
	



	Season
	LSD(0.05)=0.68
	(p=0.0591)

	Varietal combination (VC)
	LSD(0.05)=NS
	

	RTP
	LSD(0.05)= NS
	

	Variety x RTP
	LSD(0.05)= NS
	

	Variety x Season
	LSD(0.05)= NS
	

	RTP x Season
	LSD(0.05)= NS
	

	Variety x RTP x Season
	LSD(0.05)= NS
	


RTP= Relative times of planting, LSD= Least significant difference, SIM= Maize and cowpea planted simultaneously, M2WBC = Maize planted two weeks before cowpea, C2WBM = Cowpea planted two weeks before maize.
[bookmark: _Toc148941968][bookmark: _Toc149036697][bookmark: _Toc180732385]3.5 Cowpea Phenology
[bookmark: _Toc180732388]3.5.1 Days to 50% flowering 
[bookmark: _Toc148944440][bookmark: _Toc149036702][bookmark: _Toc180732389]Results of days to 50% flowering of cowpea during the 2021 minor and 2022 major cropping seasons are presented in Table 5. Days to 50% flowering ranged from 41.00 - 42.25 when intercropped with Abontem, 41.75 - 42.50 when intercropped with Opeaburo, and 40.50 - 42.50 when intercropped with Omankwa. Sole cowpea flowered between 40.75 and 41.50 days across both seasons. Cowpea intercropped with Abontem and Omankwa flowered earlier than when intercropped with Opeaburo. Similarly, cowpea planted two weeks before maize flowered later than cowpea planted simultaneously with maize or two weeks after maize.
[bookmark: _Toc180732390]Table 5: Days to 50% flowering of cowpea as influenced by variety and relative times of planting (RTP) for 2021 minor and 2022 major cropping seasons.
	Treatment
	Days to 50% flowering

	Varietal combination (VC)
	Relative times of planting (RTP)
	2021
	2022
	Mean

	Abontem + Zamzam
	M2WBC
	41.75
	42.25
	42.00

	
	SIM
	41.75
	41.00
	41.38

	
	C2WBM
	42.00
	41.50
	41.75

	Opeaburo + Zamzam
	M2WBC
	42.50
	41.75
	42.13

	
	SIM
	42.50
	42.50
	42.50

	
	C2WBM
	42.50
	42.50
	42.50

	Omankwa + Zamzam
	M2WBC
	40.50
	42.50
	41.50

	
	SIM
	41.75
	40.75
	41.25

	
	C2WBM
	42.50
	41.75
	42.13

	Sole Cowpea
	-
	41.50
	40.75
	41.13

	CV (%)	
	
	2.11
	



	Season
	LSD(0.05)=NS
	

	Varietal combination (VC)
	LSD(0.05)=0.51
	(p=0.0004)

	RTP
	LSD(0.05)= 0.51
	(p=0.0350)

	Variety x RTP
	LSD(0.05)= NS
	

	Variety x Season
	LSD(0.05)= NS
	

	RTP x Season
	LSD(0.05)= NS
	

	Variety x RTP x Season
	LSD(0.05)= NS
	


RTP= Relative times of planting, LSD= Least significant difference, SIM= Maize and cowpea planted simultaneously, M2WBC = Maize planted two weeks before cowpea, C2WBM = Cowpea planted two weeks before maize.

[bookmark: _Toc148941977][bookmark: _Toc149036710][bookmark: _Toc180732391]3.6 Cowpea Growth
[bookmark: _Toc148941978][bookmark: _Toc149036711][bookmark: _Toc180732392]3.6.1 Plant height
Figures 2a and 2b shows result of the plant height of cowpea and their intercrops from 21 DAP to 63 DAP for the growing seasons. The height of the cowpea increased throughout the entire period from 21 DAP to 63 DAP for both seasons. There were significant difference recorded among the treatments means for the 2021 growing season. However, for the 2022 growing season, no significant difference was observed among the treatment means. Cowpea planted 2 weeks before maize had the tallest height in the 2021 growing period compared with the other treatments. For the 2022 growing season, Cowpea and Abontem maize planted simultaneously had the tallest height compared with the other intercrops and the sole cowpea.

 Figure 2. Plant height of cowpea as influenced by varietal combination and relative times of planting in maize + cowpea intercrop at Mampong during 2021 and 2022 growing seasons.

[bookmark: _Toc180732396]3.7 Yield and yield components of cowpea
[bookmark: _Toc148941993][bookmark: _Toc149036757][bookmark: _Toc180732404]3.7.1 Grain yield 
[bookmark: _Toc148944446][bookmark: _Toc149036758][bookmark: _Toc180732405]The results of cowpea grain yield under intercrop and sole cropping systems are presented in Table 6. Grain yield ranged from 81.53 - 398.25 kg ha⁻¹ when intercropped with Abontem, 107.02 - 405.25 kg ha⁻¹ with Opeaburo, and 116.06 - 408.25 kg ha⁻¹ with Omankwa, while sole cowpea yielded 346.50 - 450.75 kg ha⁻¹ across both seasons. In the 2021 minor season, the highest grain yield (346.50 kg ha⁻¹) was recorded by sole cowpea, followed by cowpea planted two weeks after Abontem maize. For the 2022 major season, sole cowpea produced the highest yield (450.75 kg ha⁻¹), followed by cowpea intercropped with Opeaburo maize planted simultaneously (405.25 kg ha⁻¹). The lowest yield in the 2021 minor season (81.53 kg ha⁻¹) occurred when cowpea was planted simultaneously with Abontem maize, while in the 2022 major season, the least yield (116.41 kg ha⁻¹) was also recorded for cowpea intercropped simultaneously with Abontem. Significant differences (P ≤ 0.05) were observed between the seasons, with the 2022 major season generally recording higher grain yields than the 2021 minor season. No significant effects were detected for variety, relative time of planting (RTP), or their interactions with season.
Table 6: Grain yield of cowpea as influenced by variety and relative times of 
planting (RTP) for 2021 minor and 2022 major cropping seasons.
	Treatment
	Grain yield (kg ha-1)

	Varietal combination (VC)
	Relative times of planting (RTP)
	2021
	2022
	Mean

	Abontem + Zamzam
	M2WBC
	136.41
	116.41
	126.41

	
	SIM
	81.53
	354.00
	217.77

	
	C2WBM
	126.46
	398.25
	262.36

	Opeaburo + Zamzam
	M2WBC
	117.77
	330.75
	224.26

	
	SIM
	107.02
	405.25
	256.14

	
	C2WBM
	118.70
	257.75
	188.23

	Omankwa + Zamzam
	M2WBC
	116.06
	376.50
	246.28

	
	SIM
	121.99
	387.75
	254.87

	
	C2WBM
	126.35
	408.25
	267.30

	Sole Cowpea
	-
	346.50
	450.75
	398.63

	CV (%)	
	
	27.23
	



	Season	
	LSD(0.05)=42.20
	(p=<.0001)

	Varietal combination (VC)
	LSD(0.05)=NS
	

	RTP
	LSD(0.05)= NS
	

	Variety x RTP
	LSD(0.05)= NS
	

	Variety x Season
	LSD(0.05)= NS
	

	RTP x Season
	LSD(0.05)= NS
	

	Variety x RTP x Season
	LSD(0.05)= NS
	


[bookmark: _Toc148941995][bookmark: _Toc149036760]RTP= Relative times of planting, LSD= Least significant difference, SIM= Maize and cowpea planted simultaneously, M2WBC = Maize planted two weeks before cowpea, C2WBM = Cowpea planted two weeks before maize.

[bookmark: _Toc180732408]3.8 Land Equivalent Ratio (LER)
[bookmark: _Toc148944452][bookmark: _Toc149036776][bookmark: _Toc180732409]The land equivalent ratio (LER) measures the efficiency of intercropping relative to sole cropping (Table 7). An LER value of 1 indicates equal productivity between intercrop and sole cropping, values greater than 1 reflect a yield advantage of intercropping, while values less than 1 suggest it is less profitable. In the 2021 season, maize planted two weeks before cowpea (Abontem + Zamzam) had the highest LER (1.19; 119%), followed by simultaneous maize-cowpea planting (1.13; 113%). In contrast, simultaneous planting of Opeaburo + Zamzam recorded the lowest LER (0.59; 59%). In 2022, the highest LER was obtained from simultaneous planting of Opeaburo + Zamzam (1.84; 184%), followed by cowpea planted two weeks before maize (Abontem + Zamzam, 1.68; 168%) and maize planted two weeks before cowpea (Opeaburo + Zamzam, 1.59; 159%). The lowest LER (1.00; 100%) was recorded for maize planted two weeks before cowpea (Abontem + Zamzam). Statistical analysis showed no significant differences in LER among varietal combinations, relative times of planting, their interactions, or between the two seasons.
Table 7: Land equivalent ratio (LER) of maize and cowpea as influenced by variety and relative times of planting for 2021 minor and 2022 major cropping season.
	Treatment
	                LER

	Varietal combination (VC)
	Relative times of planting (RTP)
	2021
	2022
	Mean

	Abontem + Zamzam
	M2WBC
	0.87
	1.00
	0.87

	
	SIM
	1.19
	1.18
	1.19

	
	C2WBM
	0.94
	1.68
	0.94

	Opeaburo + Zamzam
	M2WBC
	0.97
	1.59
	0.97

	
	SIM
	0.59
	1.84
	0.59

	
	C2WBM
	1.02
	1.19
	1.02

	Omankwa + Zamzam
	M2WBC
	1.1
	1.54
	1.10

	
	SIM
	1.13
	1.18
	1.13

	
	C2WBM
	1.09
	1.61
	1.09

	CV (%)	
	
	17.32
	


RTP= Relative times of planting, LSD= Least significant difference, SIM= Maize and cowpea planted simultaneously, M2WBC = Maize planted two weeks before cowpea, C2WBM = Cowpea planted two weeks before maize.


4. DISCUSSION
[bookmark: _Toc148942010][bookmark: _Toc149036783][bookmark: _Toc180732411]4.1 Phenology of Maize and Cowpea
For maize, the observed variation in tasseling and silking time among the maize varieties, Omankwa, Abontem, and Opeaburo reflects inherent genotypic differences. Omankwa consistently showed later tasseling and silking than Abontem and Opeaburo in both intercrops and sole crops. This delayed phenological development can be attributed to its longer maturity cycle and greater biomass allocation during early growth stages. According to Grewer et al. (2024), late-maturing varieties often take more time to reach reproductive stages due to extended vegetative growth phases. Earlier tasseling and silking in Abontem and Opeaburo suggest their suitability for systems aiming for early harvest or drought escape. These results align with the findings of Qi et al. (2023), who reported that early-maturing varieties show rapid development in both sole and intercropped systems, making them ideal for short growing seasons or when intercropped with early legumes. When maize was planted two weeks after cowpea, it tasseled and silked later, likely due to increased early competition for light and nutrients as the cowpea had already established a canopy and root system. Similar results were observed by Zhou et al. (2021), who reported delayed tasseling and silking in maize intercropped with legumes when maize was sown after the legume. In contrast, simultaneous or earlier planting of maize relative to cowpea resulted in earlier tasseling and silking, indicating that maize could assert early dominance and access resources efficiently. 

For cowpea, the study revealed that cowpea intercropped with Abontem and Omankwa flowered earlier than when intercropped with Opeaburo. This variation is likely attributable to the differing competitive growth architectures of the maize varieties. Opeaburo, which demonstrated greater plant height and more prolific leaf production in earlier growth stages, likely exerted greater shading pressure on cowpea than either Abontem or Omankwa. Light is a critical environmental signal regulating the onset of flowering in cowpea, as noted by Zhan & Zhu (2025) , cowpea flowering is highly sensitive to photoperiod and light intensity, with shading capable of delaying the photomorphogenic signals necessary for floral induction. In intercropping systems, the presence of taller maize varieties can significantly reduce photosynthetically active radiation (PAR) reaching the cowpea canopy, thus altering its perception of day length and delaying flowering. This pattern is supported by Njira et al (2021), who found that intercropping cowpea with tall cereal crops delayed flowering relative to sole cropping, due to increased light competition. A similar trend was reported by Ntekor et al. (2024), who found that shading from taller maize plants delayed the flowering and physiological maturity of Oboshie groundnut variety. Additionally, the study found that cowpea planted two weeks before maize flowered later than when planted simultaneously or two weeks after maize. The subsequent introduction of maize creates a second phase of resource stress, potentially disrupting the transition to flowering through reallocation of assimilates. This phenomenon is consistent with observations by Damte & Tafes (2023), who reported that early-planted legumes in cereal-legume intercrops sometimes exhibited delayed flowering due to excessive vegetative growth fostered by minimal early competition. Conversely, cowpea planted simultaneously with or after maize was exposed to moderate resource competition from early stages, likely triggering earlier flowering as a stress-induced survival strategy. 

[bookmark: _Toc148942011][bookmark: _Toc149036784][bookmark: _Toc180732412]4.2 Growth of Maize and Cowpea 
For maize, during the 2021 growing season, the tallest maize plants were observed in the Opeaburo + Zamzam + cowpea intercrop where cowpea was sown two weeks before maize. Early establishment of cowpea, as seen in the Opeaburo + Zamzam combination, likely induced early shading and belowground competition for water and nutrients. This competitive environment may have triggered a shade-avoidance response in maize, characterized by internode elongation to access light, a phenomenon previously described by Li et al. (2021), who noted that maize subjected to early interspecies competition often exhibits increased stem elongation. Conversely, when maize was planted earlier than cowpea, as in the Omankwa + Zamzam combination, it likely gained an early competitive advantage by accessing light and soil nutrients before the cowpea established. This early dominance promotes enhanced vertical growth, aligning with the findings of Dong et al. (2018), who reported that earlier establishment in intercrops gives one species a decisive competitive edge, particularly in terms of height development. The consistently strong performance of Opeaburo across both sole and intercropping systems especially in 2022, when sole Opeaburo achieved the greatest plant height indicates its genetic potential for vigorous vegetative growth. Opeaburo likely possesses favourable traits such as enhanced photosynthetic efficiency, a naturally taller growth habit, and strong apical dominance, enabling greater resource allocation to shoot elongation. Badu-Apraku et al. (2017) similarly reported that early- and medium-maturing maize varieties display significant variation in vegetative vigor due to underlying genetic differences. 


For cowpea, plant height is an important morphological trait in legumes such as cowpea, serving as an indicator of photosynthetic efficiency, competitive ability, and biomass accumulation. In intercropping systems, cowpea height is influenced by interactions with companion crops like maize, particularly in relation to planting time, canopy dynamics, and resource availability. In 2021, the tallest cowpea plants were recorded in plots where cowpea was planted two weeks prior to maize. This early establishment likely enabled cowpea to capitalize on light, nutrients, and moisture with minimal initial competition. These findings are consistent with the results of Wang et al. (2024), who reported that legumes show enhanced vegetative growth when sown earlier than cereals in intercrop systems. Early planting allows legumes to develop a stronger canopy and root architecture before competition from the cereal crop intensifies. Cowpea intercropped with Abontem under simultaneous planting grew taller than sole-cropped cowpea in 2022 and this may be due to microclimatic modifications induced by the maize canopy, such as reduced evapotranspiration, improved soil moisture retention, or altered light quality. Moderate shading can induce stem elongation (etiolation) as a physiological response to reduced red:far-red light ratios, a mechanism described by Li et al. (2021). Although this type of elongation may not signify enhanced vigor, it reflects an adaptive response to the intercrop environment. Thus, increased cowpea height in intercropped plots may be more indicative of shade-induced elongation than actual improvements in growth potential.

[bookmark: _Toc148942012][bookmark: _Toc149036785][bookmark: _Toc180732413]4.3 Yield and yield components of Maize and Cowpea
For maize, grain yield represents the most comprehensive agronomic indicator, integrating the cumulative effects of seed number, kernel weight, cob dimensions, and a crop’s ability to withstand biotic and abiotic stress. Across treatments, sole maize plots consistently produced higher yields compared to intercropped plots. These results support Feng et al. (2025) assertion that cereals in monoculture benefit from full access to growth resources, lack of interspecific competition, and optimal light interception, all of which contribute to increased biomass accumulation and grain productivity. Remarkably, under intercropping conditions, Omankwa sown two weeks after cowpea produced the highest grain yield (4.16 t ha⁻¹) in the 2021 minor season, surpassing even its sole cropping performance. This suggests that delayed maize planting may allow cowpea to establish and initiate biological nitrogen fixation, thereby enhancing soil fertility and creating a more favorable nutrient environment for the subsequent maize crop. The lowest yields were observed in intercropping treatments involving simultaneous or early maize planting, notably, Opeaburo intercropped and planted two weeks before cowpea in 2021, while Omankwa under the same planting arrangement (RTP2) produced the lowest in 2022. These poor performances likely reflect intense interspecific competition between the maize and cowpea growth cycles. Maitra et al. (2020) highlighted that improper temporal alignment in intercropping systems can disrupt efficient resource partitioning, ultimately reducing crop performance and yield.

[bookmark: _Toc180732414]For cowpea, grain yield ranged from 81.53 to 408.25 kg ha⁻¹ under intercropping and from 346.50 to 450.75 kg ha⁻¹ in sole cropping. Mirroring the trends observed in pod yield, the highest grain yields across both seasons were recorded in sole cowpea plots, emphasizing the advantage of unrestricted access to light, nutrients, and water in monoculture systems. In contrast, the lowest yields occurred in treatments involving simultaneous planting of cowpea with Abontem, likely due to intense early competition during the critical flowering and pod filling stages of cowpea development. These results align with findings by Zhang et al. (2024), who reported that simultaneous planting of competitive cereal varieties with legumes can significantly suppress legume performance due to increased shading and nutrient competition. Among the intercropped treatments, the highest cowpea grain yields were recorded in Omankwa + cowpea at RTP3 (maize planted two weeks after cowpea) and in Opeaburo + cowpea under simultaneous planting, depending on the season. These outcomes suggest that maize variety and relative time of planting (RTP) play a crucial role in modulating interspecific competition and enhancing legume yield. 

4.4 Productivity (LER) of the Intercrop Systems
The Land Equivalent Ratio (LER) is a widely used metric for evaluating the productivity and efficiency of intercropping systems compared to sole cropping. It estimates the amount of land required under monocropping to produce yields equivalent to those obtained from a unit area of intercropping (Li et al., 2023). According to Ennin et al. (2001) , LER represents the total land area needed under sole cropping to match the yields achieved in intercrops. Although differences in LER were not statistically significant, values in most cases exceeded 1.0, demonstrating that intercropping generally conferred a land-use advantage over sole cropping. A similar trend was reported by Essilfie et al. (2024), who found that different groundnut varieties intercropped with maize under varying spatial arrangements outperformed sole cropping. These outcomes reinforce the fundamental principle of intercropping, which is grounded in resource complementarity: when component crops differ in their use of light, water, and nutrients, they exploit resources more efficiently, thereby enhancing overall productivity per unit area (Feng et al., 2025). In the 2021 minor season, the highest LER (1.19) was obtained when maize (Abontem) was planted two weeks before cowpea (Zamzam). This arrangement likely enabled maize to establish early and complete much of its vegetative growth before cowpea reached peak resource demand, thus reducing interspecific competition during reproductive stages.  In the 2022 major season, the highest LER (1.84) was recorded under simultaneous planting of Opeaburo + Zamzam, a reversal of the trend in 2021. This suggests that seasonal conditions such as improved rainfall, favorable temperatures, or extended growth periods may have enhanced complementarity between the crops. Notably, Abontem planted two weeks before cowpea in 2022 yielded an LER of exactly 1.00, indicating no advantage over sole cropping.

5. CONCLUSION 

The research evaluated the effect of varietal combination and planting time on maize-cowpea intercropping system. The study revealed that both maize and cowpea varietal combinations, along with their relative planting times, significantly affected crop phenology, growth, yield, and land use efficiency (LER). Cowpea showed the earliest flowering when intercropped simultaneously with Abontem or Omankwa maize. Cowpea height was greatest when planted two weeks after Omankwa or simultaneously with Abontem. For maize, sole cropping of Opeaburo resulted in the earliest tasseling and silking, while sole cropping of Omankwa and Opeaburo enhanced plant height. Cowpea had the highest grain yields when planted two weeks before or simultaneously with Abontem. For maize, the highest 100-seed weight was recorded when Abontem was planted two weeks before or simultaneously with cowpea while Omankwa planted two weeks after cowpea gave the highest maize grain yield. Land Equivalent Ratio (LER) analysis showed superior land use efficiency for Abontem + Zamzam planted two weeks in 2021, and simultaneous planting of Opeaburo + Zamzam in 2022. For optimal performance in maize-cowpea intercropping systems, planting Abontem maize either two weeks before or at the same time as cowpea is recommended, as it consistently enhanced growth, yield, and land use efficiency.
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