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ABSTRACT
Legume-based pigeon-pea and maize mixed cropping is increasingly promoted as a sustainable intensification strategy for smallholder farmers in sub-Saharan Africa. This study evaluated the effect of pigeon-pea and maize mixed cropping (PMMC) on maize grain yield among smallholder farmers in the Samaru-Kataf Agricultural Zone of Kaduna State, Nigeria. A total of 166 farmers (adopters and non-adopters) were selected through purposive and random sampling during the 2024 cropping season. Structured questionnaires captured yield data, cropping practices and production constraints. Descriptive statistics and standard normal (Z) tests were used to compare mean grain yields. Results showed that adopters of PMMC achieved significantly higher mean yields (893.5 kg/ha) than non-adopters (504.8 kg/ha), with a yield difference of 388.7 kg/ha (Z = 7.83, p < 0.01). PMMC improved yield stability resource use efficiency, and soil fertility through nitrogen fixation. Key constraints included limited finance (18.1%), weed infestation (15.1%), land shortages (14.5%) and inadequate extension support (13.9%). The study concluded that PMMC enhances smallholder productivity and recommends scaling integrated cropping approaches alongside supportive policies, credit access, and extension interventions to promote sustainable intensification in the region.
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INTRODUCTION
Pigeon-pea (Cajanus cajan L. Millsp.) is a vital legume widely cultivated across tropical and subtropical regions for food, fodder, and soil improvement. It provides a high-protein source for households and contributes to soil nitrogen enrichment through biological nitrogen fixation, supporting sustainable cropping systems (Bopape et al., 2023; Dos-Santos et al., 2025). Intercropping legumes with cereals is recognized for enhancing land use efficiency, yield stability, and ecosystem services compared to monocultures (Phiri et al., 2024; Kinyua et al., 2023).

Despite these benefits, adoption of pigeon-pea and maize mixed cropping (PMMC) among smallholders in Northern Nigeria remains limited due to financial constraints, inadequate extension services, land shortages, and pest pressures. Previous studies have reported that PMMC improves soil fertility, microbial activity and nutrient cycling, leading to higher and more stable yields (Bicalho et al., 2024; Motsomane et al., 2025; Layek et al., 2023).

This study investigated the effect of pigeon-pea and maize mixed cropping on maize grain yield among smallholder farmers in the Samaru-Kataf Agricultural Zone and identified production constraints affecting adoption. The findings aimed at providing practical guidance for smallholder-focused agricultural policies and sustainable intensification strategies.

METHODOLOGY
Study Area
The study was conducted in the Samaru-Kataf Agricultural Zone of Kaduna State, including Jema’a, Kaura and Zangon Kataf LGAs. The region is characterized by a tropical savannah climate, predominantly smallholder cereal-legume farming systems and pigeon-pea as a key legume crop. Proportionate allocation techniques were used to distribute respondents across the selected LGAs in order to ensure fair representation of adopters and non-adopters within the study area.

Sampling and Data Collection
Table 1 presents the distribution of samples for the investigation, a multi-stage sampling technique was used. Three Local Government Areas (LGAs): Jema'a, Kaura, and Zangon Kataf were purposefully chosen for the initial stage because of the areas' prevalence of mixed agricultural operations involving pigeon pea and maize. A total of twelve villages were chosen at random from each LGA for the second stage. In the third phase, extension agents and reconnaissance surveys were used to gather lists of pigeon-pea growers. Lastly, a total of 166 respondents both adopters and non-adopters of pigeon-pea and maize mixed cropping systems were chosen using proportionate random sampling during the 2024 cropping season.



Table 1: Distribution of Sampled Respondents Across Selected LGAs
	LGA
	Number of Villages Selected
	Adopters
	Non-Adopters
	Total Respondents

	Jema’a
	4
	25
	30
	55

	Kaura
	4
	24
	29
	53

	Zangon Kataf
	4
	27
	31
	58

	Total
	12
	76
	90
	166


Source: Research Survey, (2024)


A proportionate sampling methodology based on initial reconnaissance surveys and farmer population data from extension agents and community leaders was used to distribute the sampled respondents throughout the chosen LGAs. The proportional distribution was designed to maintain the predefined sample size structure of 76 adopters and 90 non-adopters while guaranteeing representativeness of PMMC system adopters and non-adopters within the study area. As a result, the distribution shows how accessible and concentrated eligible respondents are within the communities that were sampled.

Data Analysis
Descriptive statistics summarized yield and production constraints. The standard normal (Z) test compared mean grain yields between adopters and non-adopters of pigeon-pea/maize mixed cropping, with significance set at p<0.05. The Z-test was considered appropriate because the sample size exceeded 30 observations for both groups.

Effect of pigeon-pea and maize mixed cropping on Yield
The mean grain yield for adopters of PMMC was 893.5kg/ha compared to 504.8kg/ha for non-adopters. The yield difference of 388.7kg/ha was statistically significant (Z = 7.83, p < 0.01), indicating that PMMC positively affects farmers’ productivity. This finding aligns with global research findings with (Kushwaha & Mehta, 2023; Kinyua et al., 2023; Layek et al., 2023) who asserted that Pigeon pea-based intercropping systems have been widely reported to improve yield stability, land equivalent ratio (LER) and farm-level profitability, demonstrating that diversified legume-based schemes can enhance yield outcomes through improved resource use and ecological processes. Therefore, the significant yield advantage observed among adopters supports the hypothesis that PMMC enhances productivity. This outcome reflects broader evidence that legumes improve soil fertility through nitrogen fixation and foster beneficial soil microbial dynamics, which can translate to higher maize grain yields and sustainability. This corroborates the findings with Bicalho et al., (2024); Motsomane et al., (2025) who asserted that Pigeon-pea inclusion in intercropping enhances ecosystem services and soil microbial functions, improving biochemical soil processes and long-term agricultural sustainability. They further stressed that as a legume, Cajanus cajan contributes significantly to soil nutrient cycling, organic matter build-up, and improved productivity of associated crops.


Table 2: Comparison of yield between Adopters and Non-Adopters of PMMC
	Variable
	Adopters
	Non-Adopters

	Mean maize yield (kg/ha)
	893.53
	504.83

	Variance
	235,020.40
	65,645.70

	Sample size
	76
	90

	Z-calculated
	7.83
	

	p-value
	<0.01
	

	Z-critical
	2.01
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Figure 1: Mean maize grain yields (kg/ha) for farmers adopting and not adopting PMMC in Samaru-Kataf Agricultural Zone, Kaduna State, Nigeria. Error bars indicate ±1 standard deviation.


Production Constraints
The constraints reported by pigeon-pea farmers in table 3 reflected the structural and biophysical challenges typical of smallholder legume production systems in Northern Nigeria. Inadequate access to finance, limited extension contact, weed infestation, land shortages and (pest pressures: termites, birds and insects) were the most frequently reported constraints at 18.10%, 13.85%, 15.08%, 14.45% and 23.49% respectively. Financial limitations and poor access to extension services represent systemic bottlenecks that restricted farmers’ ability to adopt improved varieties, apply recommended agronomic practices and implement timely pest and weed management. Similar constraints have been widely documented across sub-Saharan Africa, where weak institutional support and limited rural credit access continue to undermine the productivity potential of grain legumes despite their recognized soil fertility and sustainability benefits (Kushwaha & Mehta, 2023; Kinyua et al., 2023).

Weed infestation and pest incidence were also prominent constraints, particularly during early crop establishment and podding stages. In the Northern Guinea and Sudan savannah zones of Kaduna State, pigeon pea’s relatively slow initial growth increases vulnerability to weed competition, while termite attack and bird/insect damage contribute to yield losses under rain-fed conditions. High labour costs and the rising prices of agrochemical further constrain farmers’ capacity to manage these biotic stresses effectively. According to earlier research, inadequate weed and pest control in pigeon-pea and related legume intercropping systems can result in yield reductions of roughly 30 to 50%. Severe infestations can cause losses of up to 80% when left unchecked, underscoring the significance of integrated pest and weed management techniques (Layek et al., 2023; Phiri et al., 2024). These institutional constraints may reduce adoption intensity and limit the scalability of PMMC among resource-poor farmers.


Table 3: Constraints Reported by Pigeon-pea Farmers
	Constraint
	Frequency
	Percentage (%)

	Inadequate finance
	30
	
	18.10
	

	Weed infestation
	25
	
	15.08
	

	Land shortage
	24
	
	14.45
	

	Inadequate extension contact
	23
	
	13.85
	

	Termite attack
	22
	
	13.25
	

	Bird/Insect attack
	17
	
	10.24
	

	High cost of chemicals
	11
	
	6.62
	

	Bush fire
	7
	
	4.21
	

	High fertilizer cost
	4
	
	2.40
	

	High labour cost
	3
	
	1.80
	

	Total
	166
	
	100.00
	


Source: Field Survey, (2024).


CONCLUSION
The study found that among smallholder farmers in Kaduna State's Samaru-Kataf Agricultural Zone, pigeon-pea-maize mixed cropping greatly increased maize grain output. The productivity-boosting potential of legume-based cereal systems is demonstrated by the increased mean yields that farmers who adopted the intercropping system achieved compared to those who did not. The results also show that intercropping promotes sustainable agricultural intensification, better soil fertility, and effective resource use. However, weed infestation, pest infestations, inadequate financing, and a lack of extension help continue to be significant productivity barriers for farmers. Adoption will increase and smallholder production and livelihoods will improve if these issues are addressed through institutional and policy measures.
.
RECOMMENDATIONS
Pigeon-pea–maize mixed cropping (PMMC) should be prioritized by agricultural policies through the creation of farmer demonstration plots, input assistance programs, and adoption incentives meant to encourage broader participation among smallholder farmers.
In order to provide farmers with ongoing training and technical assistance on better intercrop design, soil fertility management, integrated pest and weed control, and other suggested agronomic practices related to PMMC systems, extension service delivery should be reinforced.
To increase the uptake, productivity, and sustainability of pigeon-pea–maize mixed cropping systems, government organizations, financial institutions, and development partners should make it easier for smallholder farmers to obtain reasonably priced credit facilities, high-quality seed varieties, fertilizers, and other necessary agro-inputs.
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