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[bookmark: _GoBack]ABSTRACT	Comment by Reviewer: Abstract needs improvement and more clarity.
Aims: The study examined gender and production performance of smallholder upland and swamp rice farmers in Ebonyi State, Nigeria. It aimed to describe the socio-economic characteristics of male and female farmers in relation to the technology gap and estimate their production functions across rice production ecologies.	Comment by Reviewer: Please improve the sentence structure in the areas where the text is highlighted with Yellow color, throughout the paper.

Study Design: A cross-sectional survey design was adopted, integrating descriptive and econometric tools to analyze gender differences in production outcomes.
Place and Duration of Study: The study was conducted in Ebonyi State, Nigeria, covering the North, Central, and South agricultural zones, from January to August 2025.
Methodology: A multi-stage sampling technique selected 180 rice farmers, 72 upland and 108 swamp, stratified equally by gender. Primary data were gathered using structured questionnaires. Descriptive statistics were used for socio-economic profiling. The Cobb-Douglas production function estimated productivity levels, while the Chow test assessed gender-based structural differences. The Technology Gap Ratio (TGR) measures the extent of technology adoption.
Results: The majority of farmers were married, with male swamp farmers recording the highest rate (77.8%). Female swamp farmers had the highest TGR (92.42%), suggesting greater technology adoption, especially among those in cooperatives (TGR = 115.01%). For male upland farmers, farm size, seeds, fertilizer, and agrochemicals significantly influenced output. Female upland farmers were affected by farm size, seeds, and fertilizer, while capital had a negative effect. In swamp systems, male output was influenced by seeds, labour, and capital, while female output depended on farm size and capital. Returns to scale were increasing for male and female upland (RTS = 2.605; 2.751) and male swamp farmers (1.441), but decreasing for female swamp farmers (0.523). The Chow test confirmed significant gender-based structural differences.
Conclusion: Gender and production systems significantly influence productivity. Gender-responsive policies are needed to enhance women’s access to land, inputs, and extension support in swamp systems.
Keywords: Gender, Production efficiency, Technology gap, Rice farming systems, Cobb-Douglas production, Ebonyi State


INTRODUCTION 
Rice is a key staple in Nigeria, ranking as the third most consumed food after cassava and yam across all geopolitical zones and socioeconomic groups (FAO, 2023). In 2022, Nigeria produced an estimated 5.4 million metric tons of milled rice, with Ebonyi State contributing approximately 1.5 million metric tons, about 27.8% of the national output (Obialo, 2023; FAO, 2023; NBS, 2021). Back in 2020, Ebonyi State recorded production of 138,300 metric tons at an average yield of 2.26 tons per hectare (NAERLS & FMARD, 2020). Rice cultivation occurs across Nigeria's diverse agroecological zones (ARC, 2018), with six major rice-growing environments: upland, hydromorphic, rain-fed lowland, irrigated lowland, deep inland water, and mangrove swamps (Chima et al., 2024). Farmers' choice of production system is typically shaped by topography, planting material, and desired output.	Comment by Reviewer: Remove the one-additional line between each  two paragraphs

Globally and nationally, rice remains a staple food and a major contributor to livelihoods and the economy. Given its importance as a carbohydrate source and its rising demand due to population growth, intensifying production efficiently is critical (USDA, 2023; FAO, 2022; Otekunrin et al., 2021). Ebonyi State, with a long-standing rice tradition, remains one of Nigeria’s rice production hubs. Ezeh, Enyigwe, & Egwu (2022) noted that while farmers engage heavily in rice cultivation, their efficiency remains low due to reliance on traditional techniques. Much like the broader rural economy, rice farming in Ebonyi is largely powered by smallholder farmers who often depend on rudimentary tools and family labour (Emma-Ajah et al., 2021). Key rice-growing communities include Ezza, Isu, Izhi, Edda, and Ikwo, where both swamp and upland rice are cultivated (Ezeh et al., 2022).

However, land availability for rice farming is shrinking due to urbanization, fragmentation, and land degradation, making both intensification and extensification increasingly difficult (Chima et al., 2024). Despite government interventions, food insecurity persists. Domestic production falls short of demand, increasing reliance on imports. Thus, improving production per unit area and boosting resource-use efficiency is vital (Adeniyi & Dinbabo, 2020). In this context, measuring production efficiency, technical, allocative, and economic, becomes essential, especially when farmers face capital and credit constraints (Michael et al., 2021).

Ebonyi State possesses the agroecological potential and land resources for achieving rice self-sufficiency. Though up to 1.5 million hectares are suitable for rice, only 72,000 hectares have been officially allocated and cultivated (Ministry of Works, Ebonyi State, 2022). Most farmers continue to rely on traditional technologies, with minimal use of improved varieties and agronomic practices, resulting in low productivity. To achieve production efficiency, adoption of improved inputs and farming techniques is necessary (Kamai et al., 2020).

Gender is central to agricultural productivity and resource allocation. Defined by cultural and social roles, gender determines who does what, who controls resources, and who makes farm decisions (Nur-Atikah et al., 2022). In most rice-producing areas, men often handle land clearing, tillage, pesticide application, harvesting, and threshing. Women, on the other hand, manage planting, weeding, fertilizer application, processing, storage, and marketing (Ezeaputa et al., 2020). However, in female-headed households, women may perform all production tasks, challenging gender stereotypes. These gender roles are fluid, shaped by class, religion, ethnicity, and environmental pressures.

Rice production spans numerous pre- and post-harvest activities, land preparation, nursery development, transplanting, fertilization, pest control, harvesting, parboiling, drying, and marketing (Amusa et al., 2022). Each phase demands strategic allocation of time, labour, and capital. Given this, gender relations and control over productive resources significantly influence production outcomes. Amusa et al. (2022) emphasized that addressing gender in development initiatives is crucial to avoid unintended negative impacts and to ensure equal access to opportunities and benefits.

Ng’ombe et al. (2020) highlighted that farmers in upland and swamp systems face differing environmental and production conditions. These differences influence their technical efficiency and technology choices. Such disparities can be measured using Technology Gap Ratios (TGRs), which provide policymakers with insight into regional productivity gaps and help guide targeted interventions. It is important to emphasize that gender-focused studies in agriculture should not treat women and men as competing entities but recognize their unique contributions and constraints. 
Achieving self-sufficiency in rice in Ebonyi is still a challenge, largely due to poor adoption of technology and suboptimal technical efficiency, despite the 72,000 hectares earmarked for cultivation. Rising population and food demand add to the urgency for solutions that improve efficiency and support farmers.
Ebonyi’s rice sector also faces environmental and agronomic bottlenecks: droughts, pests, flooding, poor soil fertility, and rodent attacks. These factors depress yields, increase costs, and deepen food insecurity. Both male and female farmers are affected, highlighting systemic production inefficiencies. Without urgent, inclusive interventions, farmers will continue to struggle, trapped in a cycle of poverty and low productivity.

Several studies have explored technical efficiency and gender roles in Nigerian rice farming, mostly using parametric methods like Stochastic Frontier Analysis (Aryal et al., 2019; Adeniyi & Dinbabo, 2020; Edeoghon et al., 2019; Munonye et al., 2022, 2023; Okoh et al., 2022). While informative, many focused on isolated aspects, efficiency or gender, without fully integrating these concepts. For instance, Aryal et al. (2019) studied gender differences in technical efficiency but didn’t link these to technology gap. Otekunrin et al. (2021) examined food insecurity but not by production system. Munonye et al. (2022, 2023) assessed rice farm efficiency but did not apply Data Envelopment Analysis (DEA).
This study aims to fill that gap by integrating gender and production function of rice production systems, relating socio-economic factors with technology gap using descriptive statistics and production function framework. This study provided critical insights for policymakers in formulating and implementing evidence-based policies aimed at promoting gender-responsive adoption of modern technologies for both upland and swamp rice production systems in Ebonyi State. By highlighting the role of technology, production efficiency, and gender disparities, the findings will guide strategies to enhance both the intensity and scale of rice cultivation. Accordingly, the following specific objectives guided the research
i. describe the socioeconomic characteristics of smallholder upland and swamp rice farmers by gender in relationship to technology gap,
ii. estimate the production functions of smallholder farmers by gender in the upland and swamp rice production systems.
MATERIALS AND METHODS 

This study was conducted in Ebonyi State, Nigeria. The state was established in 1996, making it one of the youngest states in Nigeria (Ibenegbu, 2017). It is situated within latitudes 7°30′1′′N and 8°30′1′′E, and longitudes 6°40′1′′E and 6°45′1′′N of the Greenwich Meridian. Ebonyi has three agricultural zones: Ebonyi North Zone, Ebonyi South Zone, and Ebonyi Central Zone. The state comprises thirteen Local Government Areas (LGAs) with an estimated population of 2.9 million in 2016 (National Population Commission, NPC, 2016), and a projected total population of 3.49 million in 2020, with an estimated growth rate of 3% (National Bureau of Statistics, NBS, 2022). It covers a total land area of approximately 5,935 km² (Obasi et al., 2015; Nwahia et al., 2020). Farming is a principal economic activity in Ebonyi, with about 85% of its population earning their livelihoods through agriculture (NBS, 2020). The economy is mainly agrarian, with agriculture as the primary source of livelihood for most residents. Ebonyi State features a humid tropical climate, with one rainy season lasting for eight months and one dry season lasting for four months. The average annual temperature is around 28°C, with humidity levels between 50% and 60%, and an average annual rainfall of 2,500mm (Nigerian Meteorological Agency, NiMet, 2021; Agbo et al., 2020).	Comment by Reviewer: Please provide the current statistics of population. This is 2025.	Comment by Reviewer: Use current stats.
Climatic conditions favour the cultivation of various crops, such as rice, yams, cassava, and vegetables. Ebonyi is particularly renowned for its rice production and is often called the "Home of Rice" in Nigeria, playing a significant role in enhancing food security at both local and national levels (NBS, 2023; Munonye et al., 2023).
Upland rice is mainly cultivated in the northern part of the state, particularly in Izzi and Ikwo LGAs, whereas swamp rice is predominantly grown in the central and southern parts, especially in Afikpo South, Ivo, Onicha, and Ohaozara LGAs (Chidiebere-Mark et al., 2019). The soil in Ebonyi is clayey and loamy, with swampy, clay-rich soil suitable for rice farming. Upland rice is produced in Izzi and Ikwo, while swamp rice is grown in Onicha, Ohaozara, Ivo, and Afikpo North. The map of the study area, shown in Figure 1, illustrates the locations where Upland and Swamp rice are cultivated.	Comment by Reviewer: This information is already mentioned in start of paragraph. Better to eliminate the redundant sentence.
A multi-stage sampling technique was employed for data collection, conducted through five stages. All three agricultural zones in the state were considered to ensure comprehensive coverage of rice farming areas. In stage 1, one Local Government Area (LGA) was purposively selected from each of the three zones based on the intensity of upland and swamp rice production, resulting in three LGAs: Izzi in the North, Ikwo in the Central, and Ohaozara in the South. Stage 2 involved randomly selecting three communities from each LGA, totalling nine communities. In stage 3, two villages were randomly picked in each community, making eighteen villages in total.
Stage 4 involved stratifying rice farmers within these villages into two primary groups: upland rice farmers and swamp rice farmers. Each group was further divided into four sub-groups: male upland rice farmers, female upland rice farmers, male swamp rice farmers, and female swamp rice farmers. In stage 5, a proportionate random sampling method was used to select two male and two female upland rice farmers, as well as three male and three female swamp rice farmers from each village. The list of 240 registered rice farmers obtained from village heads during the pre-test served as the sampling frame, which included 120 swamp and 120 upland rice farmers. Ultimately, 180 rice farmers were selected: 72 upland rice farmers (36 males and 36 females) and 108 swamp rice farmers (54 males and 54 females). These individuals constitute the sample for this study.	Comment by Reviewer: Here, would you please elaborate how female farmers are defined in this study? Whether those are female-headed households or otherwise?
The data collected were primarily cross-sectional, capturing the prevailing conditions, behaviours, and outcomes in rice farming within Ebonyi State. The analysis employed both descriptive and inferential statistics. Descriptive statistics included measures such as mean, mode, and relative frequency distribution of respondents. Inferential statistics involved econometric tools, notably the Cobb-Douglas production function.
[image: C:\Users\User\AppData\Local\Packages\Microsoft.Windows.Photos_8wekyb3d8bbwe\TempState\ShareServiceTempFolder\Ebonyi state map.jpeg]
Figure 1. The map of Ebonyi State shows the location of the study area
Source: Chidiebere-Mark et al, 2019

Model Specification
The Cobb-Douglas production model is expressed explicitly as used by Ameh (2021) as follows;	Comment by Reviewer: Please insert the equation in standard “Insert Equation” function of MS Word.
Ln (Yᵢ) = β₀ + β₁ln(X₁ᵢ) + β₂ln(X₂ᵢ) + β₃ln(X₃ᵢ) + β₄ln(X₄ᵢ) + β₅ln(X₅ᵢ) + β6ln(X6ᵢ) + εᵢ  - - - Equation (3.1)
Where:
Ln = Logarithms to base e
Yᵢ = Output of rice (kg) for farmer i
 X₁ᵢ = Land area cultivated (hectares)
X₂ᵢ = Quantity of seed used (kg)
X₃ᵢ = Quantity of fertilizer used (kg)
X₄ᵢ = Labour input (man-days)
X₅ᵢ = Capital input (₦)
X6ᵢ = Quantity of Agrochemicals used (Litres)
β₀ = Constant term
β₁ to β6 = Output elasticities of respective inputs
εᵢ = Error term
Separate regressions were run for male and female farmers within each production system (upland and swamp), and a Chow test was used to statistically test for structural differences between gender. The Chow test model as used by Gebre et al. (2019) was adopted for this study. The model was specified as follows;
  =                                                                 - - - Equation (3,2)
Where;
 = Calculated F – value of the ith rice production system by gender
 = Residual Sum of Squares of male ith rice production system
  = Residual Sum of Squares of female ith rice production system
= Residual Sum of Squares of pooled sample ith rice production system by gender
 = Sample sizes of the ith production systems by gender
 = number of variables
RESULTS AND DISCUSSION
SOCIOECONOMIC CHARACTERISTICS OF SMALLHOLDER UPLAND AND SWAMP RICE FARMERS BY GENDER IN RELATION TO TECHNOLOGY GAP
[bookmark: _Hlk202704139]Descriptive statistics (frequency count, percentage, and means) were used to analyze the socioeconomic characteristics of smallholder upland and swamp rice farmers across gender in relation to the technology gap. The key characteristics considered were marital status, cooperative membership, and access to extension services. Table 1 presents the cross-tabulation of these characteristics by gender and production system.
The distribution of farmers by marital status showed that the majority of respondents across all categories were married: male upland (58.3%), female upland (69.44%), male swamp (77.8%), and female swamp (75.9%). Notably, married male and female swamp rice farmers had higher percentages than their upland counterparts. This trend reflects rural realities in Nigeria, where marital status often correlates with access to family labour for agricultural work. These findings align with Wai and Hong (2021), who observed that most rice farmers in Myanmar were married, emphasizing the role of household labour in farming systems. Similarly, Igwe et al. (2015) and Anyiam (2025) noted that a high rate of marriage among farmers is associated with enhanced resource utilization, efficiency, and social capital in agricultural production.
In terms of the technology gap ratio (TGR), male upland rice farmers recorded a TGR of 64.73%, while their female counterparts had a higher TGR of 80.18%. Among swamp rice farmers, males had a TGR of 60.85%, and females reported a notably higher TGR of 92.42%. These results suggest that across both production systems, female farmers exhibited narrower technology gaps than males, implying greater progress in technology adoption, especially among female swamp rice farmers (Anyiam, 2025).	Comment by Reviewer: How TGR is measured. Please include its formula in Methodology section.
Table 1 shows that 50% of male upland rice farmers were members of a cooperative society, with a corresponding TGR of 65.92%. Among female upland rice farmers, 41.67% belonged to cooperatives and had a TGR of 71.81%. Among swamp rice farmers, 44.4% of both males and females were cooperative members. While the male swamp farmers had a TGR of 58.47%, the female swamp rice farmers had a significantly higher TGR of 115.01%, indicating a strong ability to adopt and apply technologies.
These results support previous findings by Eze and Nwankwo (2024), who emphasized that cooperative membership enhances access to farm inputs, market information, and agricultural technologies, leading to higher productivity and technical efficiency among rice farmers in Ebonyi State. Nwofoke et al. (2016) also noted that cooperatives serve as effective platforms for disseminating improved rice production technologies, especially in swamp rice systems, despite gender-based disparities in access and utilization.
Similarly, Ezeh et al. (2022) highlighted the role of cooperatives in meeting both social and information-sharing needs of rice farmers. However, the findings from this study suggest that while cooperative membership enhances access to technology, gender-specific constraints may influence the extent to which members, especially females, can utilize these resources effectively. This observation resonates with Umoh (2025), who identified persistent gender-related barriers such as limited participation in decision-making and unequal access to assets, which affect women's ability to leverage cooperative benefits fully.
According to Table 1, 41.7% of male upland rice farmers reported having access to extension services and recorded a TGR of 83.62%. Among female upland rice farmers, 30.56% had extension access, with a TGR of 80.44%. These relatively high TGRs indicate that upland farmers with extension access are progressively narrowing their technology gaps.
Among swamp rice farmers, 38.9% of males accessed extension services, with a TGR of 62.78%. On the other hand, 31.5% of female swamp rice farmers who had access to extension services reported a remarkably high TGR of 133.53%, suggesting not only higher adoption but possible over-dependence or intensified adoption effort in response to other constraints.

These findings are consistent with those of Ezeh et al. (2022), who reported that farmers in Ebonyi State are aware of improved technologies but face obstacles in adoption due to poor extension coverage, limited technical support, and weak institutional frameworks. Similarly, Odoemenem & Inakwu (2011) observed that although extension services significantly promote technology use among rice farmers in southeastern Nigeria, challenges such as input access, application inefficiencies, and resource limitations often slow the full adoption process.
Ojo and Baiyegunhi (2023) also noted that while extension services improve women’s knowledge of rice production technologies, structural issues like limited access to land, credit, and training reduce the efficiency of adoption. Nwokoye et al. (2019) emphasized the role of ICT and training in bridging the technology gap and promoting more effective technology use. Thomas et al. (2023) added that the quality, frequency, and gender sensitivity of extension services are critical determinants of their success in enabling technology uptake.
Overall, the analysis shows that access to extension services remains a key driver of technology adoption and narrowing of technology gaps. However, the benefits differ by gender and production system, pointing to the importance of tailored, inclusive extension approaches, as emphasized by Javeid and Nawab (2021).
Table 1: Cross-Tabulation of Binary Socioeconomic Characteristics of Smallholder Upland and Swamp Rice Farmers by Gender in Relation to Technology Gap
	Variables 
	Upland Rice Farmers
	Swamp Rice Farmers

	
	Male
	Female
	Male
	Female

	Marital Status
	F
	%
	MTG
	F
	%
	MTG
	F
	%
	MTG
	F
	%
	MTG

	Married 
	21
	58.3
	78.93
	25
	69.44
	80.18
	42
	77.8
	60.85
	41
	75.9
	92.42

	Otherwise 
	15
	41.7
	64.73
	11
	30.56
	88.78
	12
	22.2
	66.71
	13
	24.1
	167.85

	Association 
	
	
	
	
	
	
	
	
	
	
	
	

	Yes 
	18
	50.0
	65.92
	15
	41.67
	71.81
	24
	44.4
	58.47
	24
	44.4
	115.01

	No 
	18
	50.0
	79.38
	21
	58.33
	90.66
	30
	55.6
	65.02
	30
	55.6
	107.54

	Extension Contact
	
	
	
	
	
	
	
	
	
	
	
	

	Yes 
	15
	41.7
	83.62
	11
	30.56
	80.44
	21
	38.9
	62.78
	17
	31.5
	133.53

	No 
	21
	58.3
	65.66
	25
	69.44
	83.85
	33
	61.1
	61.79
	37
	68.5
	100.24

	Total 
	36
	
	
	36
	
	
	54
	
	
	54
	
	





Source: Computed from Field Survey Data Analysis, 2025, F = Frequency, % = Percentage, MTG = Mean Technology Gap, TGR = 50% (Moderate Gap), TGR < 50% (Wide Gap), TGR > 50% (Low/Closing Gap)



Production function of upland and swamp rice farmers by gender in Ebonyi State, Nigeria
The result of the estimated Cobb-Douglas estimate of the production function of upland and swamp rice farmers was presented in Table 1. 
Table 1 presents the estimated production functions of smallholder farmers by gender for upland and swamp rice systems. The coefficients of multiple determination (R²) were 0.731 (male upland), 0.543 (female upland), 0.509 (male swamp), and 0.622 (female swamp). This indicates that 73.1%, 54.3%, 50.9%, and 62.2% of the variations in rice output were explained by the explanatory variables in the respective models. The F-values (2.310, 2.285, 3.959, and 3.531) were significant at 5% and 10%, confirming good model fit. Consequently, the null hypothesis that which stated that Land area cultivated, quantity of seeds, quantity of fertilizer, labour, capital input, agrochemicals of smallholder upland and swamp rice farmers do not differ significantly and positively related to the output across gender in the study area, was rejected, especially in the upland system where gender roles in input use and resource control appear more differentiated.	Comment by Reviewer: Table 1 is already cited previously. Try to remove one of two.
Male Upland Rice Farmers, farm size (P < 0.1) had a positive and significant effect on output, reflecting the advantage of larger holdings in facilitating improved technology use and improved resource allocation for improved food security status. This implies that an increase in farm size is related to an increase in output. This suggests that an increase in the size of farmland leads to a

potentially greater output. Larger farms achieved higher productivity, attributed to economies of scale and more efficient resource allocation. Investing in land for rice production could potentially lead to higher yields and improved productivity for rice farmers. This confirms Anyiam et al. (2019) and Ibok et al. (2014), who found that larger farm sizes are associated with higher rice output. Recent findings by Ojo and Baiyegunhi (2023) similarly show that male farmers in upland ecologies often leverage larger plots to adopt labour-saving technologies, further enhancing productivity.
Seeds planted (P < 0.1) also positively influenced output, emphasizing the importance of adequate seed rates in upland conditions. This implies that an increase in the quantity and quality of rice seed planted leads to an increase in the upland rice output. This supports Nwaru et al. (2011) and agrees with Akanbi et al. (2024), who found that male farmers tend to adopt higher quantities of seed where land is large. 
Fertilizer (P < 0.05) and agrochemicals (P < 0.05) had positive and significant coefficients, indicating that input intensity contributes directly to higher output. This reflects gendered differences, as men typically have better access to these inputs, as observed by FAO (2023).
For the female upland rice farmers, farm size (P < 0.05) was a positive and significant determinant of output, showing that women’s access to land is necessary for productivity. This corroborates Anyiam et al. (2019) and agrees with Iorliam et al. (2017), who reported that cultural denial of women's access to land often limits their production efficiency, and that the productivity of female-headed rice farmers was higher on public lands than on privately and communally accessed and cultivated lands.
Seeds planted (P < 0.1) had a positive coefficient, suggesting that the use of improved or good seed quality results in an increase in upland rice output. This implies that women’s access to high-quality planting material results in an increase in their output (Oboh et al., 2022). 
Similarly, fertilizer (P < 0.1) was significantly significant. This implies that proper or the proper use of the good type of fertilizer in upland rice production can result in the improvement of the rice seedlings, thereby causing an increase in the output of upland rice. A gendered improvement highlighted in the World Bank (2024).
Capital (depreciated value) (P < 0.1) was also negatively associated with output, indicating that as women’s capital stock depreciates (e.g., use of worn tools), output declines. These underscore structural inequalities in asset accumulation between genders. This agrees with Ajuwon et al. (2021), that male gender had more access than females. It also demonstrated that gender access to farm inputs is greatly influenced by the type of farm input and the farmer's location. 
Similarly, male swamp rice farmers, Seeds planted (P < 0.1) positively influenced output, showing that adequate seeding contributes to output even in challenging swamp areas. 
Labour (P < 0.1) had a significant positive relationship to output, pointing to efficient labour use, as swamp farming is more labour-intensive, a pattern reported in Obayelu et al. (2024). This implies that an increase in the number of labourers leads to efficiency, thereby resulting in high output of swamp rice. 
Capital (depreciated value) (P < 0.1) was negatively associated with output, indicating that outdated or poorly maintained equipment hampers productivity, a problem recognized in swamp systems by Ilham et al. (2023). It was observed that the size of landholding and harvesting tools have a significant positive effect on rice production. 
For female swamp rice farmers, farm size (P < 0.05) positively influenced output, aligning with the broader finding that access to land is a key driver of productivity across genders (Anyiam et al. 2019). This demonstrates how women’s productivity in swamp rice depends on land rights, as reported by Ogunkunle et al. (2023).
Interestingly, capital (depreciated value) (P < 0.1) had a positive effect. This may suggest that female swamp rice farmers utilize available capital inputs more efficiently or have better maintenance practices, a finding consistent with Rasheed et al. (2020), who noted that women’s participation is associated with higher labour/land ratios, increased land productivity, and ultimately improved efficiency. Specifically, women’s participation increased technical efficiency (TE) by 47.3%. They observed that women are prudent in resource management in wetland rice areas. These results highlight significant gender-based differences in access to and efficient use of key production resources in both upland and swamp rice systems. Male farmers benefit from greater access to inputs and land control, while female farmers face challenges in securing quality seeds, fertilizers, and modern capital inputs, factors that directly affect their rice production output. 
The Chow test for structural differences across gender in upland and swamp rice production systems revealed that the F-calculated values for upland (3.127) and swamp (4.887) exceeded their respective F-critical values at the 5% significance level (2.19 and 2.10). These results confirmed statistically significant structural breaks between the male and female regression models in both systems. In essence, the functional relationship between the explanatory variables and rice output differed notably by gender, validating the stratification of the sample for gender-disaggregated analysis. This outcome supports previous findings of Onubogu, (2023), which emphasized gender-differentiated access to productive resources, and decision-making patterns in agricultural production. Therefore, pooling male and female data in a single model would diminish critical variations in production behaviour and resource use efficiency, particularly in gender-sensitive systems like upland and swamp rice farming in Nigeria.	Comment by Reviewer: Chow test may have the assumptions of homoscedasticity and normal errors. If so, then, the author(s) must report the test-results of heteroscedasticity-diagnostics for regression models.	Comment by Reviewer: Use the word “, respectively” if two things are being described in line – one after each. Make this correction throughout the manuscript.
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Table 2: Estimate of Cobb-Douglas production function for upland and swamp rice farmers
	Variables
	Male Upland
	Female Upland
	Male Swamp
	Female Swamp

	
	Coeff
	SE
	t-value
	Coeff
	SE
	t-value
	Coeff
	SE
	t-value
	Coeff
	SE
	t-value

	(Constant)
	-7.975
	5.922
	-1.347
	18.717
	11.577
	1.617
	17.024
	7.574
	2.248
	7.694
	0.745
	10.334

	Farm Size
	0.363*
	0.232
	1.565
	0.346**
	0.158
	2.181
	0.003
	0.093
	0.033
	0.045**
	0.022
	2.047

	Seeds Planted
	0.638*
	0.333
	1.918
	0.317*
	0.209
	1.518
	0.275*
	0.167
	1.650
	0.167
	0.035
	4.713

	Fertilizer used
	-0.464**
	0.218
	-2.128
	0.310*
	0.155
	1.996
	0.071
	0.154
	0.461
	0.004
	0.020
	0.211

	Labour
	1.004
	1.176
	0.853
	0.326
	0.875
	0.372
	1.315*
	0.718
	1.831
	0.037
	0.083
	0.451

	Capital
	0.469
	0.376
	1.246
	-0.370*
	0.229
	-1.645
	-0.378*
	0.205
	-1.843
	0.043*
	0.027
	1.593

	Agrochemical used
	0.595**
	0.295
	2.018
	1.822
	4.047
	0.450
	0.155
	1.182
	0.131
	0.227
	0.048
	4.741

	R2
	0.731
	
	
	0.543
	
	
	0.509
	
	
	0.622
	
	

	R-2	Comment by Reviewer: What is meant by R-2? 
	0.588
	
	
	0.454
	
	
	0.405
	
	
	0.568
	
	

	F-ratio
	2.310**
	
	
	2.285**
	
	
	3.959***
	
	
	3.531***	Comment by Reviewer: Three asterisks are used here, but in footnote of table, there are only one & two asterisks.
	
	

	Chow Test	Comment by Reviewer: The way the results of Chow-test are given in table look not-fit. These results may be inserted into some separate table with more understandable way.
	F-Cal
	
	
	F-Cri
	
	
	F-Cal
	
	
	F-Crit
	
	

	
	3.127
	
	
	2.19
	
	
	4.889
	
	
	2.10
	
	


Source: Computed from Field Survey Data Analysis, 2025. ** Significant at 5%, * Significant at 10%, Coeff. (Coefficient), SE (Standard Error), F-Cal (Calculated), F-Cri (Tabulated), ns = Not Significant at 5%
Production elasticities and returns to scale of rice farmers
[bookmark: _Hlk204213887]The elasticities of production and returns to scale are presented in Table 3. The overall elasticities were computed by the summation of all coefficients of the Cobb-Douglas production function estimated in Table 2. From the result, the nature of the returns to scale of an average farmer by gender in the study was 2.605 (male upland), 2.751 (female upland), 1.441 (male swamp), and 0.532 (female swamp), indicating increasing and decreasing returns to scale in the study area.
Table 3 Elasticity of Production for Upland and Swamp Rice Farmers by Gender
	Production Systems
	Male Upland Rice
	Female Upland
	Male Swamp
	Female Swamp

	Variable 
	Elasticity 
	Elasticity 
	Elasticity 
	Elasticity 

	Farm size
	0.363
	0.346
	0.003
	0.045

	Seeds planted
	0.638
	0.317
	0.275
	0.167

	Fertilizer used 
	-0.464
	0.310
	0.071
	0.004

	Labour 
	1.004
	0.326
	1.315
	0.037

	Capital 
	0.469
	-0.370
	-0.378
	0.043

	Agrochemicals 
	0.595
	1.822
	0.155
	0.227

	Returns to scale (RTS) 
	2.605
	2.751
	1.441
	0.523


Source: Computed Field Survey Data Analysis, 2025, EP < 1 (Decreasing Returns to Scale), EP > 1 (Increasing Returns to Scale), EP = 1 (Constant Returns to Scale)


The results of the estimated returns to scale (RTS) revealed significant gender-based and system-based variations across rice production systems. For male upland rice farmers, the RTS value was 2.605, indicating increasing returns to scale. This implies that a 1% increase in aggregate input use would lead to a 2.61% increase in upland rice output. Such a finding suggests that male upland rice farmers are operating in Stage I of production, where input use is not yet optimized, and expanding input levels can still yield disproportionately higher output.

Similarly, female upland rice farmers recorded an RTS value of 2.751, also indicating increasing returns to scale. This implies that a 1% increase in total input use is associated with a 2.75% increase in output. This further confirms that female upland farmers, like their male counterparts, are operating in Stage I, suggesting substantial potential to scale up production efficiently.
In the swamp rice system, male farmers showed an RTS of 1.441, indicating they, too, are experiencing increasing returns to scale. A 1% increase in aggregate input leads to approximately a 1.44% increase in output. This also places them in Stage I, though with more moderate room for productivity improvement compared to upland farmers.
Conversely, female swamp rice farmers showed an RTS of 0.523, which is less than unity, showing decreasing returns to scale. This means a 1% increase in inputs results in only a 0.52% increase in output. This scenario reflects diminishing marginal returns and places them in Stage III of production. Operating in this stage suggests inefficiencies, possibly arising from suboptimal input combinations, overuse of some resources, or limited access to productive technologies. While output still increases with more input, the rate of increase is slowing, which calls for a reassessment of resource allocation and production strategy.
These results collectively imply that male upland, female upland, and male swamp rice farmers are operating below optimal scale, with room to enhance efficiency through input expansion and better resource use. However, female swamp farmers, currently in Stage III, may benefit more from input rationalization, targeted extension support, and improved access to quality resources rather than simply increasing inputs.
This finding supports the earlier work of Daniel and Godwin (2013), who reported that technical returns to scale among Nigerian rice farmers showed increasing returns, with the implication that most were still operating in sub-optimal areas of production.

 CONCLUSION 	Comment by Reviewer: The conclusion may further be improved, and suggestions should be made in the light of research findings.
The study concluded that gender differences significantly influence production performance among upland and swamp rice farmers in Ebonyi State. Female farmers, particularly in swamp areas, demonstrated strong technology adoption rates but were constrained by limited access to productive land and efficient use of capital resources. The production functions showed that inputs such as farm size, seeds, and fertilizer significantly affected output across gender lines, though their effects varied by production systems. The Chow test results validated structural gender differences in production behaviour, justifying the need for gender-disaggregated agricultural policies and support programs.
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