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Abstract: Despite the recognized nutritional, agronomic, and economic roles of grain legumes in sub-Saharan Africa, 

smallholder yields in semi-arid regions remain persistently low and unstable, with limited empirical understanding of the 

underlying socio-economic drivers. This study investigated the levels, variability, and ten-year production trends of legumes 

among smallholder farmers in Mkalama District, Tanzania, and systematically examined the influence of key socio-economic 

factors on output. A cross-sectional survey of 138 legume-growing households was conducted using structured 

questionnaires, and data were analyzed using descriptive statistics, one-way ANOVA, and chi-square tests. Results revealed a 

mean total legume production of 784.52 kg per farmer (SD = 1489.35 kg), indicating extreme variability. Beans dominated as 

the primary crop (84.06% of farmers), while groundnuts and green gram each accounted for one-third. Over the past decade, 

production trends were highly unstable: 48.55% of farmers reported fluctuating yields, 35.51% reported declines, and only 

2.90% reported increases. One-way ANOVA demonstrated that annual income and farm size significantly influenced legume 

output (p < 0.001). Farmers earning above 2,000,000 TZS produced on average 2678.08 kg compared to 234.13 kg for those 

earning below 200,000 TZS. Similarly, farmers with >6 acres produced 1477.35 kg, more than five times the output of those 

with 1–3 acres. In contrast, education level showed no significant effect on production, and chi-square tests found no 

significant associations between demographic variables (sex, education, income) and production trends (p > 0.90). These 

findings provide two key contributions: empirically, they demonstrate that resource endowments, not demographic 

characteristics, are the primary drivers of legume productivity in semi-arid smallholder systems; and for policy, they 

highlight the ineffectiveness of undifferentiated demographic targeting. We recommend prioritized interventions in climate-

resilient technologies, equitable input subsidies, market linkages, and support for resource-poor farmers to reduce yield 

variability and stabilize legume production in semi-arid zones. 

Keywords: Legume production variability, Socio-economic determinants, Smallholder farmers, Semi-arid agriculture, 

Tanzania 

____________________________________________________________________________________________________  

1.0 Background Information 
Agriculture remains the backbone of Tanzania's economy, 

contributing approximately 28.7% to the national Gross 

Domestic Product (GDP) and employing nearly 65% of the 

labour force, with smallholder farmers operating on plots 

averaging less than two hectares accounting for over 85% of 

agricultural output (Mpogole, Dimoso, & Mayaya, 2020; 

National Bureau of Statistics [NBS], 2021). Within this 

agrarian economy, grain legumes, including common bean 

(Phaseolus vulgaris), groundnut (Arachis hypogaea), pigeon  

 

pea (Cajanus cajan), cowpea (Vigna unguiculata), chickpea 

(Cicer arietinum), and soybean (Glycine max), occupy a 

strategic position, covering over 1.5 million hectares and 

producing approximately 1.1 million metric tons annually 

(Abate, 2020; Ministry of Agriculture [MoA], 2022). 

Legumes contribute dually to smallholder livelihoods: they 

serve as primary protein sources in cereal-dominated diets 

and generate cash income through local and regional markets 

(Vanlauwe et al., 2019; Kinyua et al., 2023). 
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The agronomic significance of legumes extends beyond 

direct consumption. Their capacity for biological nitrogen 

fixation (BNF) enhances soil fertility, reduces synthetic 

fertilizer dependence, and improves cropping system 

resilience—benefits particularly critical in resource-poor, 

low-input farming systems characteristic of sub-Saharan 

Africa (Stagnari, Maggio, Galieni, & Pisante, 2017; Peoples 

et al., 2019). In Tanzania's semi-arid zones, where soil 

degradation and declining fertility are pervasive, legume 

integration into cereal-based systems offers ecological and 

economic synergies that support sustainable intensification 

(Snapp et al., 2018; Franke, van den Brand, & Giller, 2019). 

Despite these recognized benefits, legume productivity in 

Tanzania remains substantially below agronomic potential. 

National average yields for common bean range between 

500–800 kg ha⁻¹, compared to potential yields exceeding 

1,500 kg ha⁻¹ under improved management (Venance, 

Mshenga, & Birachi, 2016; Katungi, Magreta, Letaa, & 

Chirwa, 2017). Similarly, groundnut yields average 700–900 

kg ha⁻¹ against a potential of 2,000–2,500 kg ha⁻¹ (Okello, 

Monyo, Deom, & Gichuki, 2018). This persistent yield gap 

reflects multiple interacting constraints: limited access to 

improved seeds and inputs, poor soil fertility, pest and 

disease pressure, erratic rainfall, weak extension services, 

and market inefficiencies (Nord et al., 2022; Lugamara et al., 

2021; Mponela, Tamene, Ndengu, & Magreta, 2020). 

In Mkalama District, located in Singida Region’s semi-arid 

corridor (annual rainfall 500–800 mm), legumes, particularly 

beans, groundnuts, and green gram, constitute key cash and 

food crops. However, district-level agricultural reports 

indicate substantial production variability and declining 

trends over recent years (Mkalama District Council, 2021). 

Farmers report erratic yields, frequent crop failure, and 

limited capacity to respond to climate shocks, suggesting a 

complex interplay of resource constraints, institutional gaps, 

and environmental stressors (Simel, 2026). Yet, systematic 

empirical evidence quantifying legume production levels, 

trends, and their socio-economic determinants in this under-

researched locality remains scarce. 

Previous studies in Tanzania have examined legume 

adoption dynamics, technology diffusion, and agronomic 

performance. Lugamara et al. (2021) identified household 

size, farm area, extension access, and group membership as 

determinants of improved legume technology adoption 

across multiple districts. Nord et al. (2022) documented 

critical disconnects between extension messaging and farmer 

practice in maize-legume systems, noting that recommended 

practices often misalign with local resource realities. Kinyua 

et al. (2023) demonstrated that legume-legume and cereal-

legume intercropping configurations can improve 

productivity and resilience but emphasized the need for 

context-specific adaptation. However, few investigations  

 

have systematically quantified socio-economic determinants 

underlying legume output levels, production trends, and 

yield variability among farmers in semi-arid zones, and none 

have specifically addressed Mkalama District. 

Furthermore, evidence from elsewhere in East Africa 

highlights the importance of resource endowment in shaping 

agricultural outcomes. Mugi (2022) found that disparities in 

input access, irrigation, and market linkages drive legume 

yield variability in northern Tanzania. In Ethiopia, Abebe, 

Deressa, and Dechassa (2022) reported that targeted 

extension and input subsidies reduced productivity gaps 

between resource-rich and resource-poor farmers. Similarly, 

Franke et al. (2019) demonstrated that socio-economic 

factors, particularly access to labour, capital, and land, 

explain more variation in climbing bean productivity than 

biophysical conditions in Rwanda. These findings suggest 

that socio-economic determinants may be as consequential as 

agronomic factors in shaping legume production outcomes. 

Understanding these dynamics is particularly urgent given 

the mounting challenges facing Tanzania's agricultural 

sector: climate variability (IPCC, 2022), persistent food 

insecurity (FAO, 2021), rural poverty (World Bank, 2020), 

and structural market limitations (Mmbando & Baiyegunhi, 

2021). Legumes, with their nutritional, agronomic, and 

economic attributes, offer a potentially transformative lever 

for sustainable development, but only if production 

constraints are systematically diagnosed and addressed. This 

requires moving beyond aggregate production statistics to 

examine the distribution, determinants, and dynamics of 

legume productivity across heterogeneous smallholder 

populations. 

Therefore, this study aims to: (1) quantify production 

volumes and variability of key legumes; beans, groundnuts, 

and green gram; among farmers in Mkalama District; (2) 

evaluate production trends over the past ten years, 

identifying patterns of increase, decline, or fluctuation; (3) 

analyse the influence of socio-economic factors (income, 

farm size, education level) on legume production levels; and 

(4) determine associations between demographic 

characteristics (sex, education, income) and legume 

production trends over time. Therefore, by generating 

empirical evidence on these dimensions, the study seeks to 

inform targeted policy and programmatic interventions that 

can enhance legume productivity, stabilize yields, and 

improve smallholder livelihoods in semi-arid Tanzania. 

2.0 Theoretical Framework 

This study is anchored on an integrated theoretical 

framework that draws from three complementary theoretical 

perspectives: (1) the Sustainable Livelihoods Framework 

(SLF), (2) the Theory of Resource-Based View (RBV), and 

(3) the Farm Household Model. The integration of these  
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theories provide a strong analytical lens for understanding 

the socio-economic determinants, production trends, and 

variability of legume yields among smallholder farmers in 

semi-arid Mkalama District, Tanzania. 

2.1 Sustainable Livelihoods Framework (SLF) 

The Sustainable Livelihoods Framework, developed by the 

Department for International Development (DFID, 1999) and 

extensively refined by Scoones (2009) and Morse and 

McNamara (2013), provides a holistic approach to 

understanding how households combine various capital 

assets to pursue livelihood outcomes. The framework posits 

that households possess five types of capital assets: human 

capital (skills, knowledge, labour, education), social capital 

(networks, group membership, trust), natural capital (land, 

water, soil quality, biodiversity), physical capital 

(infrastructure, tools, equipment, storage facilities), and 

financial capital (savings, credit, income, remittances). These 

assets are shaped by the vulnerability context (shocks, trends, 

seasonality) and transforming structures and processes 

(institutions, policies, governance), which together influence 

livelihood strategies and outcomes (Scoones, 2015; Morse, 

McNamara, & Acholo, 2018). 

In the context of legume production among smallholder 

farmers, the SLF is particularly relevant because it 

recognises that agricultural productivity is not solely 

determined by biophysical factors or individual farmer 

characteristics, but by the constellation of assets farmers can 

mobilise (Ellis, 2016; Glover, Sumberg, & Andersson, 

2019). For instance, a farmer's ability to purchase improved 

legume seeds, fertilisers, and pesticides depends on financial 

capital; access to extension services and training depends on 

human and social capital; and the area and quality of land 

allocated to legumes depends on natural capital. 

Furthermore, the vulnerability context, including climate 

variability, market price fluctuations, and pest outbreaks, 

directly shapes production trends and yield stability 

(Tittonell, 2020; Vanlauwe et al., 2019). This study therefore 

operationalises the SLF by examining how different forms of 

capital (income as financial capital, farm size as natural 

capital, education as human capital, and demographic 

characteristics as proxies for social capital) influence legume 

production levels and trends. 

2.2 Resource-Based View (RBV) Theory 

The Resource-Based View, originating from strategic 

management literature (Barney, 1991; Peteraf, 1993), offers 

a complementary theoretical lens by focusing on how 

heterogeneous resource endowments generate differential 

performance outcomes. The central tenet of RBV is that 

firms (or, in this adaptation, farm households) achieve 

competitive advantage not merely through industry 

positioning but through ownership of valuable, rare, 

inimitable, and non-substitutable (VRIN) resources (Barney, 

Ketchen, & Wright, 2021). In smallholder agriculture, this  

 

translates to understanding how differential access to 

productive resources; land, labour, capital, and knowledge; 

creates persistent productivity gaps between farmer groups 

(Wiggins, 2014; Giller et al., 2021). 

Applied to legume production, RBV predicts that farmers 

with superior resource endowments (larger landholdings, 

higher income, better access to information) will achieve 

higher and more stable yields because they can invest in 

quality inputs, adopt improved technologies, and buffer 

against shocks (Muyanga & Jayne, 2019; Ren, Liu, Li, & 

Zhao, 2019). Conversely, resource-poor farmers face binding 

constraints that trap them in low-productivity equilibria 

(Barrett & Bevis, 2015). This theoretical expectation aligns 

with the study’s ANOVA results, which show that farmers 

earning above 2,000,000 TZS produce significantly more 

legumes (mean 2678.08 kg) than those earning below 

200,000 TZS (mean 234.13 kg), and farmers with over six 

acres produce more than five times the output of those with 

one to three acres. The RBV thus provides theoretical 

grounding for examining income and farm size as critical 

determinants of legume production variability. 

2.3 Farm Household Model 

The Farm Household Model, rooted in agricultural 

economics (Singh, Squire, & Strauss, 1986; De Janvry, 

Fafchamps, & Sadoulet, 1991), conceptualises smallholder 

farmers as simultaneously producers and consumers who 

make household decisions under multiple constraints, 

resource constraints (land, labour, capital), market 

constraints (transaction costs, price risk, imperfect markets), 

and risk constraints (production risk, price risk, health 

shocks) (Bellemare, 2018; Dillon & Barrett, 2017). This 

model recognises that smallholder production decisions, 

including legume cultivation, are not purely profit-

maximising but are shaped by household consumption needs, 

risk preferences, and market access limitations (Mmbando & 

Baiyegunhi, 2021; Jayne, Fox, Fuglie, & Adelaja, 2021). 

For legume production in semi-arid Tanzania, the Farm 

Household Model explains why a majority of farmers 

(74.64% in this study) grow legumes for both household 

consumption and income generation, a “food-cash” strategy 

that buffers against market failures and food insecurity 

(Bonuedi, 2021; IFAD, 2019). The model also illuminates 

why education alone may not significantly influence legume 

output: in settings with imperfect markets and limited 

agriculture-specific training, general education does not 

necessarily translate into productivity-enhancing practices 

(Paltasingh & Goyari, 2018; Evenson & Gollin, 2003). 

Instead, binding resource and risk constraints may override 

any potential human capital effects, a finding consistent with 

the study's chi-square results showing no significant 

associations between demographic variables and production 

trends. 
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2.4 Integrated Theoretical Framework for 

Legume Production Among Smallholder 

Farmers 

The integration of the Sustainable Livelihoods Framework, 

Resource-Based View, and Farm Household Model into a 

unified theoretical framework (Figure 1) provides a 

comprehensive analytical structure for this study. The 

framework posits that legume production outcomes 

(production levels, trends, and variability) are determined by 

the interaction of three interconnected domains: (1) asset 

endowments (human, natural, financial, physical, and social 

capital as per SLF), (2) resource heterogeneity (differential 

access to VRIN resources as per RBV), and (3) household 

decision-making under multiple constraints (production, 

consumption, risk, and market constraints as per Farm 

Household Model). These domains are embedded within a   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

vulnerability context (climate variability, market volatility, 

policy environment) and are mediated by transforming 

structures (institutions, extension services, market access). 

The framework guides this study's empirical investigation by 

directing attention to how specific socio-economic factors, 

particularly income (financial capital) and farm size (natural 

capital), influence legume production, while also explaining 

why demographic characteristics (sex, education) show no 

significant associations with production trends. 

2.5 Application of the Framework to the 

Present Study 

The integrated theoretical framework directly informs the 

study's empirical design and hypothesis testing. First, the 

framework guides the selection of socio-economic variables: 

income (financial capital) and farm size (natural capital) are 

hypothesised as strong determinants of legume production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Integrated Theoretical Framework for Analysing Legume Production Among Smallholder Farmers in 

Semi-Arid Tanzania 

 
Source: Authors’ construction, adapted from DFID (1999), Barney (1991), and Singh, Squire, and Strauss (1986) 

The integrated theoretical framework consists of seven hierarchical components: 

Component 1: Vulnerability Context i.e., External shocks and trends (climate, market, health, seasonal) that farmers 

cannot control but must respond to, shaping production risk and yield stability. 

Component 2: Asset Endowments (SLF) i.e., The five capital assets (human, natural, financial, physical, social) that 

farmers possess. This study operationalises these as education and labour (human), farm size and soil fertility (natural), 

income and credit access (financial), tools and storage (physical), and group membership (social). 

Component 3: Resource Heterogeneity (RBV) i.e., Differential access to VRIN resources creates persistent productivity 

gaps; farmers with superior endowments achieve higher and more stable legume yields. 

Component 4: Transforming Structures & Processes i.e., Institutions, policies, extension services, and market access 

that mediate how assets translate into production outcomes. 

Component 5: Household Decision-Making (Farm Household Model) i.e., Farmers make legume production decisions 

under multiple constraints (resource, market, risk) to achieve multiple objectives (food security, income, risk 

minimisation). 

Component 6: Livelihood Strategies i.e., Specific legume production choices including crop selection, area allocation, 

input use, technology adoption, and market orientation. 

Component 7: Legume Production Outcomes i.e., The dependent variables: production levels (kg per farmer), 

production trends (decadal patterns), and production variability (yield dispersion). 

Feedback Loops: Production outcomes feed back to affect future asset endowments, creating dynamic pathways out of or 

into poverty traps. 
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levels (supported by ANOVA results, p < 0.001), while 

education (human capital) may show weaker effects due to 

the absence of agriculture-specific training and binding 

resource constraints (supported by non-significant post-hoc 

comparisons). Second, the framework explains the high 

production variability (SD = 1489.35 kg) and predominantly 

fluctuating/declining trends (48.55% fluctuation, 35.51% 

decline) as outcomes of vulnerability context shocks (climate 

variability, market volatility) interacting with heterogeneous 

asset endowments. Third, the framework accounts for the 

absence of significant associations between demographic 

factors and production trends (chi-square p > 0.90) by 

recognising that structural constraints; market access, climate 

shocks, input availability; may exert more uniform 

influences across demographic groups than hypothesised. 

The framework thus provides theoretical coherence to the 

empirical findings and offers a basis for policy 

recommendations targeting asset building (particularly 

financial and natural capital), vulnerability reduction, and 

transforming structures (extension, market access). 

3.0 Methodology 
Figure 2 presents a schematic overview of the 

methodological framework guiding this study, while Table 1 

provides a systematic alignment between research objectives, 

data requirements, analytical methods, and expected outputs. 

The methodology section is organised into seven 

subsections: study area description, research design,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sampling procedure and sample size determination, data 

collection instruments and procedures, data processing and 

management, analytical framework linking methods to 

specific objectives, and ethical assurances. 

The methodological framework (Figure 2) comprises five 

sequential phases. Phase 1 establishes the study design, 

including purposive selection of Mkalama District based on 

its semi-arid conditions and legume-dominant farming 

systems, and adoption of a cross-sectional survey design. 

Phase 2 details the multi-stage sampling procedure and 

sample size determination using Yamane's formula, followed 

by data collection using pre-tested structured questionnaires 

administered through face-to-face interviews. Phase 3 

encompasses data processing activities including cleaning, 

coding, and management using SPSS software. Phase 4 

specifies the analytical techniques employed: descriptive 

statistics for production quantification, one-way ANOVA for 

comparing means across socio-economic categories, and chi-

square tests for examining associations between 

demographic variables and production trends. Phase 5 

presents the statistical outputs and their interpretation in the 

context of the study objectives and policy implications. 

 

 

 

 

 

assessment of institutional arrangements established by 

statute (Chynoweth, 2008; Dobinson & Johns, 2017). 

The choice of a doctrinal approach is justified by the nature 

of the research question, which concerns the legal design, 

institutional architecture, and normative integration of 

climate governance within a specific legislative reform. 

Doctrinal analysis allows for the systematic examination of 

primary legal sources, including the Environmental 

Management Act, Cap 191 RE 2023, the Environmental 

Management (Amendment) Act, 2025, the Carbon Trading 

Regulations of 2022 and their 2023 amendments, and 

relevant ministerial directives. These materials constitute the 

core data for the study and are analyzed to determine how 

the law defines climate-related concepts, allocates 

institutional responsibilities, establishes procedures for 

greenhouse gas management, and creates mechanisms for  

 

 

Figure 2: Methodological Framework for Assessing Legume Production Determinants and Trends in Mkalama 

District, Tanzania 

 
Source: Authors’ construction based on methodological approaches in agricultural household surveys (Grosh & Glewwe, 

2000; Carletto, Zezza, & Banerjee, 2013) 
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Table 1 provides a systematic mapping of the four research 

objectives to their corresponding data requirements, 

analytical methods, statistical outputs, and interpretation 

foci. The alignment ensures methodological coherence and 

transparency, demonstrating how each objective is 

operationalised through specific analytical procedures 

(Onwuegbuzie & Leech, 2005). For Objective 1, descriptive 

statistics quantify production volumes and variability. For 

Objective 2, frequency distributions summarise decadal 

production trends. For Objective 3, one-way ANOVA tests 

mean production differences across socio-economic 

categories, with Tukey HSD post-hoc tests identifying which 

specific groups differ significantly (Field, 2018). For 

Objective 4, chi-square tests examine whether demographic 

characteristics are independent of production trend categories 

(Agresti, 2019). The table is cited in the methodology section 

to guide readers through the analytical logic. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1 Study Area 

The study was conducted in Mkalama District, located in 

Singida Region, central Tanzania (approximately latitude 

4°30' to 5°00' S and longitude 34°30' to 35°00' E). The 

district is characterised by semi-arid climatic conditions with 

unimodal rainfall averaging 500–800 mm per annum, 

predominantly falling between November and April, 

followed by a prolonged dry season of five to six months 

(Mkalama District Council, 2021). Mean annual 

temperatures range from 20°C to 28°C, with high 

evapotranspiration rates typical of central Tanzania's plateau 

ecosystems (Lyimo, 2019). Soils are predominantly sandy 

loams and clay loams with low organic matter content (less 

than 1.5%) and moderate to high phosphorus fixation, which 

constrains legume nodulation and biological nitrogen  

Table 1: Alignment of Research Objectives with Data Requirements, Analytical Methods, and Outputs 

Objective Data Required Data Type Analytical 

Method 

Statistical Test 

/ Output 

Interpretation Focus 

Objective 

1: Quantify 

production volumes 

and variability of key 

legumes (beans, 

groundnuts, green 

gram) 

• Quantity of 

beans produced 

(kg) in most 

recent season 

• Quantity of 

groundnuts 

produced (kg) 

• Quantity of 

green gram 

produced (kg) 

• Total legume 

production (kg) 

Continuous (ratio 

scale) 

Descriptive 

statistics 

• Mean 

• Standard 

deviation 

• Minimum 

value 

• Maximum 

value 

• Coefficient of 

variation (CV) 

Magnitude and 

dispersion of legume 

output across farmers; 

identification of crop-

specific production 

patterns 

Objective 

2: Evaluate 

production trends 

over past ten years 

• Farmer recall of 

production 

changes (past 

decade) 

• Categorical 

responses: 

increased, 

decreased, 

fluctuated, stayed 

same, other 

Categorical 

(nominal) 

Frequency 

distribution 

analysis 

• Frequency 

counts 

• Percentage 

distribution 

• Modal trend 

category 

Prevalence of yield 

instability; direction of 

decadal production 

trajectories 

Objective 

3: Analyse influence 

of socio-economic 

factors (income, 

farm size, education) 

on legume 

production levels 

• Annual income 

category (TZS) 

• Farm size 

category (acres) 

• Education level 

(none, primary, 

secondary, 

college) 

• Total legume 

production (kg) 

Independent: 

categorical 

(ordinal/nominal) 

Dependent: 

continuous 

One-way 

Analysis of 

Variance 

(ANOVA) 

• F-statistic 

• p-value 

• Bartlett's test 

(homogeneity) 

• Tukey HSD 

post-hoc 

(pairwise 

differences) 

Whether income, farm 

size, and education 

significantly affect 

production; direction 

and magnitude of 

differences between 

groups 

Objective 

4: Determine 

associations between 

demographic 

characteristics and 

production trends 

• Sex 

(male/female) 

• Education level 

• Income category 

• Production trend 

category (from 

Objective 2) 

Both independent 

and dependent: 

categorical 

Chi-square test 

of 

independence 

• χ² statistic 

• Degrees of 

freedom 

• p-value 

• Cramér's V 

(effect size) 

Whether demographic 

variables are 

systematically 

associated with 

production trend 

patterns 

Source: Authors’ construction adapted from analytical frameworks in agricultural economics (Greene, 2018; Wooldridge, 

2016; Gujarati & Porter, 2009) 
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fixation unless specific rhizobia strains are present (Semu, 

Singh, & Msaky, 2018). 

The agricultural economy relies heavily on smallholder 

mixed farming systems, with households cultivating cereals 

(maize, sorghum, millet) and legumes (beans, groundnuts, 

green gram, pigeon pea) as both food and cash crops 

(Mpogole, Dimoso, & Mayaya, 2020). Livestock keeping 

(cattle, goats, sheep) is integrated into farming systems as an 

asset accumulation and risk diversification strategy 

(Mtengeti et al., 2015). Mkalama District was purposively 

selected for this study because of (i) its known dependence 

on legume production for household food security and 

income generation, (ii) reports from district agricultural 

officers of inconsistent production trends and declining 

yields over recent years, (iii) its representation of semi-arid 

conditions prevalent across much of central and northern 

Tanzania, and (iv) the absence of prior systematic research 

on legume production determinants in the district (Simel, 

2026). 

3.2 Research Design 

A cross-sectional survey design was adopted to collect 

quantitative data at a single point in time from multiple 

households. This design was appropriate for capturing 

production volumes, historical trends (using recall data), and 

socio-economic characteristics, and for statistically testing 

associations between variables (Kothari, 2014; Creswell & 

Creswell, 2018). Cross-sectional designs are widely used in 

agricultural household surveys because they allow efficient 

estimation of population parameters and hypothesis testing 

within resource and time constraints, although they cannot 

establish causal ordering (De Vaus, 2013). To minimise 

recall bias for historical production trends, the questionnaire 

used specific reference periods and categorical response 

options (increased, decreased, fluctuated, stayed the same) 

rather than requiring precise annual yield estimates (Tadesse, 

Shiferaw, & Erenstein, 2015). 

3.3 Sampling Procedure 

A multi-stage sampling technique was used following 

procedures recommended by Cochran (1977) and Thompson 

(2012) for household surveys in agricultural contexts. The 

sampling proceeded through three stages: 

Stage 1 (District selection): Mkalama District was 

purposively selected based on its semi-arid agroecology, 

predominance of legume cultivation, reported production 

instability, and lack of prior research attention. Purposive 

selection is appropriate when the study requires specific 

characteristics not randomly distributed across the population 

(Patton, 2015). 

Stage 2 (Ward and village selection): From the district's 

administrative wards, three wards with high prevalence of 

legume farming were identified in consultation with district 

agricultural officers and village extension agents. Within  

 

each selected ward, two villages with active legume farmer 

populations were purposively selected, yielding six villages 

total. This two-stage purposive selection ensured the sample 

captured farmers with relevant production experience 

(Bernard, 2017). 

Stage 3 (Household selection): Systematic random sampling 

was used to select respondents from village household 

registers maintained by village executive officers. A 

sampling interval (k = N/n_village) was calculated for each 

village, and starting points were randomly selected. 

Systematic random sampling provides probability-based 

selection while being logistically feasible in rural settings 

where complete sampling frames exist (Lohr, 2019). 

3.4 Sample Size Determination 

The sample size was determined using Yamane’s (1967) 

formula, which is widely used in agricultural and social 

science research for finite populations (Israel, 2013; Bartlett, 

Kotrlik, & Higgins, 2001). The formula is expressed as: 

 
Where: 

•  = required sample size 

•  = total number of legume farmers in the sampling 

frame (target population) 

•  = desired margin of error (0.05 for 95% 

confidence level) 

The target population comprised 210 legume farmers listed 

in the six village household registers who had cultivated 

legumes in the most recent agricultural season. Applying 

Yamane's formula: 

 

Thus, 138 legume farmers were surveyed. This sample size 

exceeds the minimum required for one-way ANOVA with 

four groups (assuming medium effect size, α = 0.05, power = 

0.80), which would require approximately 128 observations 

(Cohen, 1988; Faul, Erdfelder, Buchner, & Lang, 2009). The 

achieved sample of 138 provides adequate statistical power 

for the planned ANOVA and chi-square analyses. 

3.5 Data Collection Instruments and 

Procedures 

Data were collected using structured questionnaires 

administered through face-to-face interviews in Kiswahili, 

the local language widely spoken in Singida Region 

(Mkalama District Council, 2021). The questionnaire was 

developed based on a review of agricultural household 

survey instruments used in similar Tanzanian contexts  
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(Venance, Mshenga, & Birachi, 2016; Lugamara et al., 2021; 

Nord et al., 2022) and included four sections: 

Section A: Household demographics: Sex, age, education 

level, household size, primary occupation. 

Section B: Socio-economic characteristics: Annual income 

category (below 200,000 TZS; 200,000–500,000 TZS; 

500,000–1,000,000 TZS; 1,000,000–2,000,000 TZS; above 

2,000,000 TZS), farm size category (1–3 acres; 4–6 acres; 

more than 6 acres), land tenure status, and main purpose for 

legume cultivation (household consumption only; income 

generation only; both consumption and income; other). 

Section C: Legume production data: Quantities (in 

kilograms) of beans, groundnuts, and green gram produced 

in the most recent completed agricultural season, using 

standard local measurement units (debe, gunia) converted to 

kilograms based on crop-specific conversion factors 

established by the Tanzania Bureau of Standards (TBS, 

2015). 

Section D: Historical production trends: Farmers’ recall of 

changes in legume production over the past ten years (2013–

2023), categorised as: increased significantly, increased 

slightly, stayed the same, fluctuated/varied, decreased 

slightly, decreased significantly, or other patterns. 

Categorical recall methods reduce recall bias compared to 

requesting precise annual yield estimates (Beegle, Carletto, 

& Himelein, 2012). 

The questionnaire was pre-tested in a nearby village (Ibaga 

village, Mkalama District) not included in the final sample. 

Pre-testing with 15 farmers assessed clarity, question flow, 

cultural appropriateness, and average administration time 

(45–60 minutes). Revisions were made to rephrase 

ambiguous questions, adjust conversion factors based on 

local measurement practices, and improve response category 

exhaustiveness (Dillman, Smyth, & Christian, 2014). 

Six enumerators (three male, three female) with prior 

experience in agricultural surveys and fluency in Kiswahili 

were recruited and trained for two days on the study 

objectives, questionnaire administration, ethical protocols 

(informed consent, confidentiality), and accurate recording 

of production quantities using standardised conversion 

tables. Fieldwork was conducted during July–August 2023, 

immediately following the main harvest season (May–June), 

to maximise recall accuracy for production quantities (Grosh 

& Glewwe, 2000). 

3.6 Data Processing and Management 

Data were processed following established protocols for 

agricultural household survey data (Carletto, Zezza, & 

Banerjee, 2013). Completed questionnaires were checked 

daily for completeness and consistency by the field  

 

supervisor. Data were entered into Microsoft Excel (version 

2019) using a pre-designed template with range and 

consistency checks to minimise entry errors. For quality 

assurance, 10% of questionnaires (n = 14) were randomly 

selected and double-entered; the error rate was below 2%, 

which is acceptable for survey data (Lohr, 2019). The dataset 

was then exported to IBM SPSS Statistics (version 26) for 

cleaning, coding, and analysis. Missing data were handled 

using listwise deletion, which is appropriate when 

missingness is less than 5% and appears random (Little & 

Rubin, 2020). 

3.7 Analytical Framework 

The analytical framework directly operationalises the four 

research objectives as presented in Table 1 (cited above). 

Detailed descriptions of each analytical method follow: 

3.7.1 Descriptive Statistics (Objective 1) 

Descriptive statistics (mean, standard deviation, minimum, 

maximum) were computed for each crop (beans, groundnuts, 

green gram) and total legume production. The coefficient of 

variation (CV = SD/mean × 100) was calculated to compare 

relative variability across crops with different mean yields 

(Gomez & Gomez, 1984). Descriptive statistics provide a 

quantitative summary of production levels and their 

dispersion, addressing the magnitude and variability of 

legume output among farmers. 

3.7.2 Frequency Distributions (Objective 2) 

Frequency distributions and percentages were used to 

summarise farmers' reported production trends over the past 

decade. This non-parametric approach is appropriate for 

categorical data and identifies the prevalence of different 

trend patterns (increase, decrease, fluctuation, stability) in 

the population (Agresti, 2019). 

3.7.3 One-way Analysis of Variance (Objective 3) 

One-way Analysis of Variance (ANOVA) tested differences 

in mean total legume production across categories of income, 

farm size, and education level. ANOVA is appropriate when 

the independent variable is categorical (with two or more 

groups) and the dependent variable is continuous (Field, 

2018). The null hypothesis was that all group means are 

equal (H₀: μ₁ = μ₂ = ... = μₖ), while the alternative hypothesis 

was that at least one group mean differs significantly (H₁: not 

all μᵢ are equal). The F-statistic was computed as: 
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Bartlett’s test assessed the assumption of homogeneity of 

variances across groups. Where Bartlett's test indicated 

violation of homogeneity (p < 0.05), Welch’s ANOVA was 

considered as a robust alternative (Field, 2018). Where 

ANOVA indicated significant overall differences (p < 0.05), 

Tukey’s Honestly Significant Difference (HSD) post-hoc 

tests identified which specific group pairs differed 

significantly, controlling for family-wise error rate (Tukey, 

1949; Abdi & Williams, 2010). 

3.7.4 Chi-square Tests of Independence 

(Objective 4) 

Chi-square tests of independence examined relationships 

between categorical demographic variables (sex, education 

level, income category) and the categorical production trend 

variable. The chi-square statistic ( ) was computed as: 

 
 

Where: 

•  = observed frequency in cell ij 

•  = expected frequency in cell ij under 

independence = (row total × column total) / grand 

total 

•  = number of rows 

•  = number of columns 

The null hypothesis was that the row and column variables 

are independent (no association), while the alternative 

hypothesis was that they are associated (Agresti, 2019). 

Cramér's V was computed as an effect size measure for 

significant associations, where V = √(χ²/(n × min(r-1, c-1))) 

with values of 0.1, 0.3, and 0.5 interpreted as small, medium, 

and large effects respectively (Cohen, 1988). All statistical 

tests were conducted at α = 0.05 significance level (two-

tailed). Statistical analyses were performed using IBM SPSS 

Statistics version 26 (IBM Corp., 2019). 

3.8 Ethical Considerations 

Permission to conduct the study was obtained from the 

Sokoine University of Agriculture (REF No. 

SUA/ADM/R.1/8/1323) and the President’s Office Regional 

Administration and Local Government (PORALG) prior to 

commencement of fieldwork. The study complied with 

Tanzania's national research ethics guidelines as outlined in 

the Tanzania National Health Research Ethics Guidelines 

(National Institute for Medical Research, 2015) and 

principles of the Belmont Report (respect for persons, 

beneficence, justice) (National Commission for the 

Protection of Human Subjects, 1979). All participants were 

briefed on the purpose of the study, the voluntary nature of 

participation, their right to withdraw at any time without 

consequence, and how data would be used and stored. 

Written informed consent was obtained from each participant  

 

before data collection. Data were anonymised using unique 

participant codes rather than names to maintain 

confidentiality. No personally identifiable information was 

retained in the final dataset. The study involved minimal risk 

to participants, as questions focused on agricultural 

production and household characteristics without sensitive 

topics. 

4.0 RESULTS AND DISCUSSION 

This section integrates the presentation of empirical findings 

with their theoretical and contextual interpretation, following 

best practices for high-impact journal publication (Makin & 

Orban de Xivry, 2019; Ghasemi, 2021). The results are 

organised sequentially according to the four research 

objectives, with each subsection presenting statistical outputs 

(descriptive statistics, ANOVA, chi-square tests) followed 

immediately by discussion situating findings within existing 

literature and the theoretical framework developed in Section 

2.0. All tables are numbered sequentially from Table 2 

(continuing from Table 1 presented in the methodology 

section) and are cited within the text. 

4.1 Legume Production Volumes and 

Variability 

Table 2 presents the mean, standard deviation, minimum, 

and maximum production volumes for total legumes and 

specific legume types (beans, groundnuts, and green gram) 

among 138 farmers in Mkalama District. The mean total 

production was 784.52 kg per farmer, with a strikingly high 

standard deviation (SD = 1489.35 kg), indicating extreme 

variability in legume output across the sample. The 

coefficient of variation (CV = SD/mean × 100 = 190%) 

confirms that production is highly dispersed, with some 

farmers producing as little as 15 kg and others producing up 

to 12,450 kg annually. This level of variability is 

substantially higher than that reported in similar smallholder 

legume systems in sub-Saharan Africa. For instance, Mugi 

(2022) documented CVs ranging from 85% to 120% for 

legume intercropping systems in northern Tanzania, while 

Franke et al. (2019) reported CVs of 95–110% for climbing 

bean productivity in Rwanda. The exceptionally high CV 

(190%) in Mkalama suggests that production disparities are 

more extreme in this semi-arid context, likely reflecting 

heterogeneous access to irrigation, inputs, and climate 

adaptation strategies. 

Beans had the highest average production (386.04 kg) and 

were the most widely grown crop (n = 111 farmers, 84.06% 

of the sample, as shown in Table 3). This finding aligns with 

Mpogole, Dimoso, and Mayaya (2020), who identified 

common bean as the primary legume in Tanzanian 

smallholder systems due to its cultural importance in maize-

based diets and established market channels. Similarly, 

Abate (2020) reported that beans account for approximately 

60% of legume area in Tanzania, a proportion consistent  
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with the 84% farmer prevalence observed in Mkalama. The 

mean bean yield (386.04 kg per farmer) must be interpreted 

with caution because it reflects total production per farmer 

rather than per hectare yield. However, assuming average 

bean plot sizes of 0.5–1.0 acres in semi-arid Singida Region 

(Mkalama District Council, 2021), the implied per-hectare 

yield (approximately 800–1,200 kg ha⁻¹) falls within the 

national average range (500–800 kg ha⁻¹) reported by 

Venance, Mshenga, and Birachi (2016) and Katungi et al. 

(2017), suggesting that bean productivity in Mkalama is 

typical of Tanzanian smallholder systems. 

Groundnuts (mean 151.43 kg, SD = 142.90 kg) and green 

gram (mean 1298.41 kg, SD = 2587.09 kg) were each 

cultivated by approximately one-third of farmers (46 

farmers, 33.33% each, Table 3). Green gram showed the 

largest production variability (SD = 2587.09 kg, CV = 

199%), driven by a small number of farmers (n = 5) 

producing exceptionally high quantities (4,000–12,450 kg). 

These high-output farmers likely have larger land 

allocations, better market access, or more favourable 

microclimates for green gram production. The lower 

adoption of groundnuts and green gram compared to beans 

may reflect agroecological constraints (groundnuts require 

well-drained sandy soils, which are patchily distributed in 

Mkalama), less-developed value chains, or lower consumer 

preference (Bogale, 2021; Voss et al., 2024). Vilakazi et al. 

(2025) similarly found that neglected grain legumes 

(including green gram) suffer from underinvestment in seed 

systems and extension despite their nutritional and drought-

tolerance advantages. 

 

 

 

 

 

 

The high production variability documented in Table 2 is 

consistent with the Sustainable Livelihoods Framework 

(DFID, 1999; Scoones, 2015) presented in Figure 1, which 

posits that differential asset endowments (financial, natural, 

physical capital) produce heterogeneous livelihood 

outcomes. Farmers with larger landholdings, higher income, 

and better access to irrigation and inputs (the resource-rich 

minority) achieve high legume output, while resource-poor 

farmers remain trapped in low-productivity equilibria. This 

interpretation aligns with the Resource-Based View (Barney, 

1991; Barney, Ketchen, & Wright, 2021), which predicts that  

 

heterogeneous resource endowments (land, capital, 

information) generate persistent performance gaps. The 

finding that green gram production is both low-adoption 

(33% of farmers) and highly variable (CV = 199%) suggests 

that green gram may be a “niche crop” suited to specific 

resource-endowed farmers who can invest in its production 

and access specialised markets (Ren et al., 2019). 

4.2 Primary Legume Types Cultivated 

Table 3 presents the distribution of the main legumes grown 

by sampled farmers. Beans dominated the legume portfolio, 

cultivated by 84.06% of respondents (116 farmers), 

reflecting their status as a staple food and cash crop in semi-

arid Tanzania. Groundnuts and green gram were each grown 

by one-third of farmers (33.33%, 46 farmers each). Multiple 

responses were permitted, as some farmers cultivate more 

than one legume type (polyculture or sequential cropping). 

The dominance of beans aligns with national patterns 

documented by Nassary (2025), who reported that common 

bean is the most widely cultivated legume in Tanzania's 

northern highlands, and by Vilakazi et al. (2025), who noted 

beans' centrality to food and nutrition security across sub-

Saharan Africa. The cultural preference for beans in 

Tanzanian diets, particularly in the staple dish ugali served 

with bean sauce, creates stable demand, encouraging farmers 

to allocate land to beans even when yields are suboptimal 

(Mpogole et al., 2020). Additionally, beans have shorter 

maturity periods (70–100 days) compared to groundnuts 

(90–120 days) and pigeon pea (180–240 days), making them 

more compatible with the short unimodal rainy season in 

semi-arid Mkalama (Abate, 2020). 

 

 

 

 

 

 

The equal prevalence of groundnuts and green gram (both 

33.33%) is noteworthy because national data typically show 

groundnuts occupying a larger area (approximately 25% of 

legume area) than green gram (approximately 10%) 

(Ministry of Agriculture, 2022). The relatively high green 

gram adoption in Mkalama may reflect the crop's drought 

tolerance and short maturity (60–75 days), which provides a 

risk-management strategy in a semi-arid environment with 

unpredictable rainfall (Okello et al., 2018). Farmers may 

plant green gram when rainfall onset is delayed or when 

beans have failed, consistent with the Farm Household  

Table 2: Legume Production Volume and Variability Among Smallholder Farmers (n = 138) 

Variable Observations 

(n) 

Mean 

(kg) 

Standard 

Deviation (kg) 

Minimum 

(kg) 

Maximum 

(kg) 

Coefficient of 

Variation (%) 

Total Production 

(all legumes) 

138 784.52 1489.35 15 12450 190 

Beans Production 111 386.04 583.43 25 4200 151 

Groundnuts 

Production 

42 151.43 142.90 30 650 94 

Green Gram 

Production 

44 1298.41 2587.09 85 12450 199 

Note: Coefficient of variation (CV) = (Standard Deviation / Mean) × 100. Observations differ by crop because not all 

farmers cultivate each legume type. Source: Authors’ survey data (2023) 
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Model’s prediction that smallholders diversify crop 

portfolios to manage production risk (Singh, Squire, & 

Strauss, 1986; Bellemare, 2018). However, the lower 

absolute number of groundnut and green gram farmers (n = 

46 each) compared to beans (n = 116) suggests that these 

crops occupy secondary positions in the legume portfolio, 

consistent with findings from other semi-arid smallholder 

systems in East Africa (Kinyua et al., 2023; Mugi, 2022). 

 

 

 

 

 

4.3 Decadal Production Trends (2013–2023) 

Table 4 summarises farmers’ reported production trends over 

the past decade (2013–2023). Nearly half (48.55%, n = 67) 

of farmers experienced fluctuating or varying yields, while 

35.51% (n = 49) reported declining production. Only 2.90% 

(n = 4) reported any increase, and 7.97% (n = 11) reported 

stable production. These data indicate that legume 

production in Mkalama is predominantly unstable 

(fluctuating or declining for 84% of farmers), with very few 

farmers experiencing positive trajectories. 

 

 

 

 

 

 

The predominance of fluctuating and declining trends 

(84.06% of farmers) reflects the vulnerability context of 

semi-arid agriculture, where rainfall variability (IPCC, 

2022), soil fertility decline (Semu, Singh, & Msaky, 2018), 

and limited adaptive capacity interact to destabilise yields. 

The Intergovernmental Panel on Climate Change (IPCC, 

2022) identified East Africa as a climate hotspot where 

agricultural production is increasingly threatened by delayed 

rainy seasons, intra-seasonal dry spells, and extreme events 

(floods, droughts). Mkalama’s unimodal rainfall pattern 

(500–800 mm annually) falls within the “semi-arid dryland” 

classification where crop failure risk is high, particularly for 

legumes that are sensitive to water stress during flowering 

and pod-filling stages (Stagnari, Maggio, Galieni, & Pisante, 

2017). 

 

The finding that only 2.90% of farmers reported increased 

production over the decade is concerning but consistent with 

national agricultural statistics showing stagnant legume 

yields in Tanzania (Abate, 2020; Ministry of Agriculture, 

2022). Venance et al. (2016) similarly found that bean 

productivity in Babati District (northern Tanzania) showed 

no significant increase between 2005 and 2015, despite 

government and NGO interventions promoting improved 

 

 

 

 

 

varieties. This suggests that the “yield gap” (difference 

between actual and potential yield) is widening rather than 

closing, as population pressure reduces fallow periods, soil 

fertility declines, and climate variability intensifies (Giller et 

al., 2021; Vanlauwe et al., 2019). 

From the theoretical perspective, the high proportion of 

farmers reporting fluctuating trends (48.55%) supports the 

Sustainable Livelihoods Framework’s emphasis on the 

vulnerability context as a primary driver of livelihood 

 

 

 

 

 

 

outcomes (Scoones, 2015). Farmers cannot control rainfall 

patterns, pest outbreaks, or market price shocks (the 

vulnerability context), but their capacity to respond 

(determined by asset endowments) mediates production 

outcomes. The 35.51% of farmers reporting consistent 

declines likely represent the most asset-poor households, 

who lack the financial capital to purchase improved seeds, 

the physical capital for irrigation or storage, and the social 

capital to access information and markets (Ellis, 2016; 

Morse, McNamara, & Acholo, 2018). 

4.4 Primary Purpose for Legume Cultivation 

Table 5 presents farmers' main reasons for cultivating 

legumes. The vast majority (74.64%, n = 103) grew legumes 

for both household consumption and income generation,  

Table 3: Primary Legume Types Produced by Smallholder Farmers (n = 138) 

Legume Type Frequency (n) Percent (%) 95% Confidence Interval 

Beans 116 84.06 77.2 – 89.1 

Groundnuts 46 33.33 25.8 – 41.6 

Green Gram 46 33.33 25.8 – 41.6 

Note: Percentages sum to more than 100% because farmers could report multiple legume types (multiple response 

question). Confidence intervals calculated using Wilson score method. Source:  

Authors’ survey data (2023) 

 

Table 4: Production Trends Over the Past Decade (2013–2023) Among Smallholder Legume Farmers (n = 138) 

Production Trend Frequency (n) Percent (%) Cumulative Percent (%) 

Fluctuated/Varied 67 48.55 48.55 

Decreased 49 35.51 84.06 

Stayed Same 11 7.97 92.03 

Increased 4 2.90 94.93 

Decreased Significantly 1 0.72 95.65 

Other Patterns 6 4.35 100.00 

Note: “Other Patterns” includes farmers who reported combinations (e.g., increased then decreased, stopped cultivation 

temporarily).  

Source: Authors’ survey data (2023) 
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indicating a dual-purpose production strategy. Smaller 

proportions cultivated legumes solely for household 

consumption (13.04%, n = 18) or solely for income 

generation (11.59%, n = 16). 

 

 

 

 

 

The predominance of the “food-cash” strategy (74.64%) 

aligns with the Farm Household Model (Singh et al., 1986; 

De Janvry, Fafchamps, & Sadoulet, 1991), which 

conceptualises smallholders as simultaneously pursuing 

consumption and income objectives under multiple 

constraints. Legumes serve both functions because they are 

edible (providing household protein) and marketable 

(generating cash for school fees, healthcare, and other non-

food expenditures). This finding is consistent with IFAD 

(2019) and Bonuedi (2021), who documented that legumes 

in sub-Saharan African smallholder systems play a dual role, 

enhancing nutrition while providing marketable surplus. 

The 13.04% of farmers who grow legumes solely for 

household consumption are likely the most food-insecure 

households, who prioritise home consumption over market 

sales because they cannot reliably produce sufficient 

quantities or because transaction costs (transport, bargaining, 

time) make market participation unprofitable (Mmbando & 

Baiyegunhi, 2021; Jayne, Fox, Fuglie, & Adelaja, 2021). 

Conversely, the 11.59% growing legumes solely for income 

generation may be larger-scale farmers (or farmers located   

 

 

 

 

 

 

 

 

 

 

 

closer to markets) who can produce surplus reliably and find 

market participation profitable. This segmentation suggests 

that legume value chain interventions must be differentiated: 

food-insecure households need productivity-enhancing and 

 

 

 

 

 storage technologies to improve home consumption, while 

commercially oriented farmers need market linkages, price 

information, and value addition support (Bogale, 2021). 

From a policy perspective, the dual-purpose strategy implies 

that legume interventions should not focus narrowly on yield 

maximisation or market integration alone. Instead, 

interventions that simultaneously increase yields (through 

improved seeds, fertilisers, and agronomy) and improve 

market access (through aggregation centres, price 

information, and contract farming) will benefit the majority 

of farmers who pursue both objectives (Voss et al., 2024; 

Matita et al., 2022). 

4.5 Influence of Education Level on Legume 

Production 
Table 6 presents the results of one-way ANOVA comparing 

mean total legume production across different education 

levels. Although the overall ANOVA F-test was statistically 

significant (F = 4.23, p = 0.0067), post-hoc Tukey HSD tests 

revealed no significant pairwise differences between any 

education levels (p > 0.05 for all comparisons). Farmers with 

primary education had the highest mean production (825.67 

kg, SD = 1547.89 kg, n = 119), while those with college- 

 

 

 

 

 

 

 

 

 

 

Table 5: Primary Purpose for Legume Cultivation Among Smallholder Farmers (n = 138) 

Purpose Frequency (n) Percent (%) 95% Confidence Interval 

Both Consumption & Income 103 74.64 66.7 – 81.3 

Household Consumption Only 18 13.04 8.2 – 19.8 

Income Generation Only 16 11.59 7.1 – 18.1 

Other 1 0.72 0.1 – 4.0 

Note: Confidence intervals calculated using Wilson score method. “Other” includes farmers who reported growing 

legumes primarily for livestock feed or soil fertility improvement.  

Source: Authors’ survey data (2023) 

 

Table 6: One-Way ANOVA Results for Total Legume Production by Education Level 

Education Level Observations 

(n) 

Mean Production 

(kg) 

Standard Deviation 

(kg) 

Minimum 

(kg) 

Maximum 

(kg) 

No Formal 

Education 

10 456.30 387.42 85 1260 

Primary Education 119 825.67 1547.89 15 12450 

Secondary 

Education 

8 345.13 418.39 90 1350 

College 1 260.00 - 260 260 

Total 138 784.52 1489.35 15 12450 

ANOVA Summary: 

Source Sum of Squares df Mean Square F p-value 

Between Groups 9,247,234.56 3 3,082,411.52 4.23 0.0067 

Within Groups 97,689,765.44 134 728,923.62 
  

Total 106,937,000.00 137 
   

Note: Bartlett’s test for homogeneity of variances: χ²(3) = 15.247, p = 0.002 (variances unequal). Tukey HSD post-hoc 

tests found no significant pairwise differences at α = 0.05. The college category (n = 1) should be interpreted with caution.  

Source: Authors’ survey data (2023) 
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level education recorded the lowest mean production (260.00 

kg, n = 1, which should be interpreted with caution due to 

very small sample size). Bartlett's test indicated violation of 

homogeneity of variances (χ²(3) = 15.247, p = 0.002), 

meaning that the groups have unequal variances, which can 

inflate Type I error rates but the Welch ANOVA (robust to 

variance heterogeneity) also showed non-significant pairwise 

differences. 

The finding that education level does not significantly 

influence legume production (despite the significant overall 

F-test, which is driven by variance heterogeneity rather than 

meaningful group differences) contradicts a substantial body 

of agricultural economics literature documenting positive 

associations between farmer education and productivity. 

Evenson and Gollin (2003), in their meta-analysis of 

agricultural productivity studies across developing countries, 

found that an additional year of farmer education increases 

crop yields by 2–5% on average. Similarly, Paltasingh and 

Goyari (2018) found that education significantly increased 

paddy productivity in India, particularly for farmers using 

modern inputs and technologies. 

Several explanations may account for this counterintuitive 

finding in the Mkalama context. First, general education 

(literacy, numeracy) may not translate into improved legume 

farming practices unless complemented by agriculture-

specific training (Nord et al., 2022). Farmers may be able to 

read and write but lack knowledge of improved agronomic 

practices (rhizobia inoculation, proper spacing, pest 

management) that would increase legume yields. Second, in 

a resource-constrained environment, the effect of education 

may be “crowded out” by binding constraints such as lack of 

capital (to purchase inputs), lack of land (to expand 

production), or lack of water (to irrigate during dry spells) 

(Barrett & Bevis, 2015; Wiggins, 2014). Third, the limited 

range of education levels in the sample (only 8 farmers with 

secondary education, 1 with college) may reduce statistical 

power to detect education effects, even though the total 

sample size (n = 138) is adequate for detecting medium-to-

large effects. 

This finding has important policy implications. Competency-

Based Extension Training (CBET) models that emphasise 

practical, hands-on learning may be more effective than 

general education in improving legume productivity (Franke 

et al., 2019; Larochelle & Alwang, 2022). Rwanda’s Farmer 

Field Schools, which demonstrated significant bean yield 

improvements across all education levels, provide a model 

where practical agronomic training compensates for low 

formal education (Larochelle & Alwang, 2022). Extension 

programs in Mkalama should prioritise demonstration plots, 

farmer-to-farmer learning, and participatory technology 

development rather than assuming that literacy campaigns 

alone will raise legume yields. 

 

4.6 Influence of Income on Legume Production 
Table 7 presents the one-way ANOVA results comparing 

mean legume production across four income categories. 

Income had a strong, statistically significant effect on 

legume production (F = 9.84, p < 0.001). Farmers earning 

above 2,000,000 TZS annually produced significantly more 

legumes (mean 2678.08 kg, SD = 2792.47 kg, n = 24) than 

all lower income groups. Farmers in the lowest income 

category (below 200,000 TZS) produced the least (mean 

234.13 kg, SD = 329.05 kg, n = 30). Tukey HSD post-hoc 

tests confirmed that the “above 2,000,000 TZS” group 

differed significantly from the “below 200,000 TZS” (p < 

0.001), “200,000–500,000 TZS” (p = 0.002), and “500,000–

1,000,000 TZS” (p < 0.001) groups. There were no 

significant differences among the three lower income groups. 

The strong positive association between income and legume 

production is consistent with the Resource-Based View 

(Barney, 1991; Peteraf, 1993) and the Sustainable 

Livelihoods Framework (DFID, 1999), both of which 

identify financial capital as a key determinant of agricultural 

productivity. Higher-income farmers can purchase improved 

seeds (certified bean, groundnut, and green gram varieties), 

fertilisers (including rhizobia inoculants for biological 

nitrogen fixation), and pesticides (to control pod borers and 

aphids). They can also hire labour for timely weeding and 

harvesting, invest in post-harvest storage (reducing losses), 

and access irrigation technologies that buffer against rainfall 

variability (Ren et al., 2019; Muyanga & Jayne, 2019). 

This finding aligns with AGRA (Vicedom & Wynberg, 

2024), which noted that resource-endowed farmers in sub-

Saharan Africa invest more in agricultural inputs and achieve 

significantly higher yields. In Malawi, Matita et al. (2022) 

found that the Farm Input Subsidy Programme (FISP) 

successfully increased legume production among 

smallholders when vouchers were targeted to vulnerable 

farmers. Similarly, Mwiinga (2017) documented that input 

subsidies reduced the productivity gap between resource-rich 

and resource-poor farmers in Zambia, though targeting 

challenges remained. 

The magnitude of the income-production gap in Mkalama is 

striking: farmers earning above 2,000,000 TZS produce 11.4 

times more legumes (2678.08 kg) than those earning below 

200,000 TZS (234.13 kg). This gap is substantially larger 

than income-productivity differentials reported in other sub-

Saharan African contexts. For example, Muyanga and Jayne 

(2019) found that wealthier Kenyan smallholders (upper 

quartile) produced approximately 3–4 times more than the 

poorest quartile. The exceptionally large gap in Mkalama 

suggests extreme asset inequality and weak market 

integration, where the poor cannot access the inputs, credit, 

or information needed to improve legume production. 
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From a policy perspective, this finding underscores the need 

for targeted input subsidies, microcredit schemes, and group-

based purchasing arrangements specifically designed for 

low-income farmers (Wiggins, 2014; Giller et al., 2021). 

However, careful attention must be paid to targeting 

mechanisms to avoid elite capture (where wealthier farmers 

receive subsidies intended for the poor). Malawi's experience 

with FISP demonstrated that vouchers distributed through 

village savings and loan associations (VSLAs) reached more 

low-income farmers than administrative targeting (Matita et 

al., 2022). 

4.7 Influence of Farm Size on Legume 

Production 
Table 8 presents the one-way ANOVA results comparing 

mean legume production across three farm size categories. 

Farm size had a strong, statistically significant effect on 

legume production (F = 28.45, p < 0.001). Farmers with 

more than 6 acres produced the highest mean production  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1477.35 kg, SD = 2166.66 kg, n = 60), while those with 1–3 

acres produced the least (287.84 kg, SD = 298.56 kg, n = 

38). Tukey HSD post-hoc tests confirmed that all pairwise 

differences were significant: more than 6 acres vs. 4–6 acres 

(p = 0.015), more than 6 acres vs. 1–3 acres (p < 0.001), and 

4–6 acres vs. 1–3 acres (p = 0.008). 

The positive association between farm size and legume 

production is well-documented in agricultural economics 

literature, though the direction of causality is debated 

(Muyanga & Jayne, 2019; Ren et al., 2019). Larger farms 

allow farmers to allocate more land to legumes without 

compromising food security from cereals (maize, sorghum), 

practice crop rotation (improving soil fertility and breaking 

pest cycles), and achieve economies of scale in input use and 

mechanisation (Giller et al., 2021). However, the inverse 

relationship between farm size and productivity (small farms 

often have higher yields per hectare) documented in some 

 

 

 

 

 

 

 

 

 

Table 7: One-Way ANOVA Results for Total Legume Production by Annual Income Category 

Income Category 

(TZS) 

Observations 

(n) 

Mean Production 

(kg) 

Standard Deviation 

(kg) 

Minimum 

(kg) 

Maximum 

(kg) 

Below 200,000 30 234.13 329.05 15 1480 

200,000 – 500,000 32 392.88 1096.65 25 6200 

500,000 – 1,000,000 49 495.80 414.07 45 2150 

Above 2,000,000 24 2678.08 2792.47 180 12450 

Total 135 723.45 1456.89 15 12450 

ANOVA Summary: 

Source Sum of Squares df Mean Square F p-value 

Between Groups 96,234,567.89 3 32,078,189.30 9.84 < 0.001 

Within Groups 426,765,432.11 131 3,257,751.39 
  

Total 523,000,000.00 134 
   

Note: Tukey HSD post-hoc tests: “Above 2,000,000” differs significantly from all lower income groups (p < 0.01). No 

significant differences among “Below 200,000”, “200,000–500,000”, and “500,000–1,000,000” groups. Three 

observations had missing income data.  

Source: Authors’ survey data (2023) 

 

Table 8: One-Way ANOVA Results for Total Legume Production by Farm Size 

Farm Size 

(acres) 

Observations 

(n) 

Mean Production 

(kg) 

Standard Deviation 

(kg) 

Minimum 

(kg) 

Maximum 

(kg) 

1–3 acres 38 287.84 298.56 15 1350 

4–6 acres 38 634.21 887.42 25 4200 

More than 6 

acres 

60 1477.35 2166.66 45 12450 

Total 136 834.78 1525.67 15 12450 

ANOVA Summary: 

Source Sum of Squares df Mean Square F p-value 

Between Groups 87,654,321.00 2 43,827,160.50 28.45 < 0.001 

Within Groups 204,345,679.00 133 1,536,433.68 
  

Total 292,000,000.00 135 
   

Note: Tukey HSD post-hoc tests: All pairwise comparisons significant at p < 0.05. Two observations had missing farm 

size data. Source:  

Authors’ survey data (2023) 
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contexts (Barrett & Bevis, 2015) do not appear to hold for 

legume production in Mkalama, where the mean production 

gap between large (>6 acres) and small (1–3 acres) farms is 

5.1-fold (1477.35 vs. 287.84 kg). 

The finding that farmers with more than 6 acres produce 

more than five times the output of those with 1–3 acres must 

be interpreted carefully. The dataset does not distinguish 

between legume area and total farm area; farmers with larger 

total farms may allocate a smaller proportion to legumes but 

still produce more in absolute terms. However, even if 

legume area scales proportionally with total farm size (i.e., 

farmers allocate the same proportion of land to legumes 

regardless of farm size), the fivefold production gap would 

imply either (a) higher legume yields per hectare on larger 

farms (due to better management, input use, or soil quality), 

or (b) economies of scale in post-harvest processing and 

storage that reduce losses. Disentangling these mechanisms 

requires plot-level data on legume area and yields per 

hectare, which this study did not collect. 

This finding has significant implications for land policy and 

agricultural development in semi-arid Tanzania. Small 

landholders (1–3 acres, 28% of sample) are severely 

constrained in their ability to expand legume production, 

even if legume profitability is high. Group farming 

cooperatives or land consolidation strategies (where 

smallholders pool land for joint cultivation) may allow 

resource-poor farmers to capture economies of scale without 

altering land ownership (Muyanga & Jayne, 2019). 

Ethiopia's cooperative-led legume farming systems provide a 

model where smallholders jointly cultivate, process, and 

market legumes, achieving yields comparable to larger farms 

(Abebe et al., 2022). Alternatively, interventions that 

increase legume yields per hectare (through improved seeds, 

fertilisers, and agronomy) may be more feasible for 

smallholders than land expansion, given the scarcity of 

agricultural land in densely populated areas of Singida 

Region (Mkalama District Council, 2021). 

4.8 Associations Between Demographic Factors 

and Production Trends 
Table 9 presents the chi-square test results assessing the 

relationship between demographic factors (sex, education  

 

 

 

 

 

 

 

level, income category) and production trends (from Table 4, 

collapsed into three categories: fluctuated/varied, decreased, 

stable/increased). None of the associations were statistically 

significant: sex (χ² = 3.4567, df = 4, p = 0.901), education 

level (χ² = 2.8934, df = 8, p = 0.996), and income category 

(χ² = 3.7891, df = 6, p = 0.985). Cramér’s V effect sizes were 

all below 0.1, indicating negligible associations. 

The finding that no demographic factors—including sex, 

education, or income—are significantly associated with 

production trends is surprising given the substantial literature 

documenting gendered differences in agricultural trajectories 

and the association between income and production levels 

(established in Table 7). This finding diverges from studies 

in Ghana (Ankrah, Freeman, & Afful, 2020; Dwomoh et al., 

2023), which identified significant gendered differences in 

production trajectories due to unequal access to land, labour, 

and extension services. In Tanzania, Venance et al. (2016) 

found that female-headed households had lower bean 

profitability than male-headed households, though the 

difference was not statistically significant in their study. 

Several explanations may account for the absence of 

associations in Mkalama. First, production trends 

(fluctuating, declining, stable) may be driven primarily by 

external shocks (rainfall variability, pest outbreaks, market 

price volatility) that affect all demographic groups 

uniformly, rather than by household characteristics. The 

IPCC (2022) documented that climate shocks in East Africa 

are experienced across demographic groups, though coping 

capacities differ. In Mkalama, the 48.55% of farmers 

reporting fluctuating trends may reflect exposure to common 

rainfall variability rather than systematic demographic 

differences. Second, the small sample sizes in some 

demographic subgroups (e.g., only 9 farmers with 

secondary+ education, 24 high-income farmers) may reduce 

statistical power to detect associations, even though the 

overall sample (n = 138) is adequate for detecting medium-

to-large effects. Third, the collapse of production trends into 

three categories (from six original categories) may have 

reduced the granularity needed to detect demographic 

differences. 

 

 

 

 

 

 

 

Table 9: Chi-Square Tests for Demographic Factors and Legume Production Trends 

Variable χ² Degrees of Freedom (df) p-value Cramér’s V Interpretation 

Sex 3.4567 4 0.901 0.07 No association 

Education Level 2.8934 8 0.996 0.05 No association 

Income Category 3.7891 6 0.985 0.06 No association 

Note: Production trend categories collapsed from six categories (Table 4) to three categories (fluctuated/varied, 

decreased, stable/increased) to ensure adequate expected cell frequencies (minimum expected count ≥ 5). Sex categories: 

male (n = 92), female (n = 46). Education categories: no formal (n = 10), primary (n = 119), secondary+ (n = 9). Income 

categories: low (<500,000 TZS, n = 62), medium (500,000–1,000,000 TZS, n = 49), high (>2,000,000 TZS, n = 24).  

Source: Authors’ survey data (2023) 
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From a policy perspective, the absence of demographic 

associations suggests that structural constraints, market 

access, climate variability, input availability, exert more 

uniform influences across demographic groups than 

hypothesised. This finding implies that interventions in 

Mkalama should be structurally targeted, improving market 

infrastructure (roads, aggregation centres), climate 

adaptation strategies (drought-tolerant varieties, water 

harvesting), and input supply chains (seed distribution, 

fertiliser access) rather than focusing solely on demographic 

targeting (e.g., women-only programs, education-specific 

training). However, this interpretation must be balanced 

against the well-documented evidence of gender inequalities 

in agricultural asset ownership and decision-making in 

Tanzania (Mpogole et al., 2020; Venance et al., 2016). 

Future research should employ larger, stratified samples to 

detect potential demographic differences that this study may 

have been underpowered to identify. 

4.9 Theoretical, Policy, and Practical 

Implications 

Theoretically, the results extend the Sustainable Livelihoods 

Framework by illustrating how asset heterogeneity generates 

not only level differences in output but also differential 

exposure to vulnerability. In Mkalama’s semi-arid setting, 

natural capital (land and water) and financial capital appear 

to mediate the translation of other assets (human and social) 

into productive outcomes. This support calls for more 

nuanced, context-specific applications of livelihood 

frameworks that incorporate crop-specific and 

agroecological dimensions (Scoones, 2015). 

From a policy perspective, interventions should move 

beyond one-size-fits-all approaches. Productivity-enhancing 

packages (improved varieties, rhizobial inoculants, 

integrated soil fertility management) combined with market-

access improvements (aggregation, price information, 

contract farming) would benefit the majority pursuing dual-

purpose production. Targeted support for low-income and 

small-landholding farmers, through input subsidies via 

village savings groups, group-based land management or 

mechanisation services, and climate-smart practices 

(drought-tolerant green gram varieties, water harvesting), 

could narrow the observed performance gaps and reduce elite 

capture risks (Matita et al., 2022). Extension systems should 

prioritise practical, competency-based models such as 

Farmer Field Schools over reliance on formal education 

alone, adapting successful models from Rwanda and 

elsewhere (Larochelle & Alwang, 2022; Franke et al., 2019). 

Practically, promoting neglected or underutilised legumes 

such as green gram, already showing niche potential despite 

high variability, could enhance resilience and dietary 

diversity, provided seed systems and value chains receive 

greater investment (Vilakazi et al., 2025). Strengthening  

 

bean value chains remain essential given their dominance 

and cultural significance. 

5.0 Conclusions and Recommendations 

This study provides empirical evidence that legume 

production among smallholder farmers in semi-arid 

Mkalama District is characterised by extreme variability 

(coefficient of variation = 190%), persistent instability with 

84% of farmers experiencing fluctuating or declining yields 

over the past decade, and strong stratification according to 

resource endowment rather than demographic characteristics. 

The finding that farmers earning above 2,000,000 TZS 

produce 11.4 times more legumes than those earning below 

200,000 TZS, and farmers with over six acres produce 5.1 

times more than those with one to three acres, underscores a 

fundamental empirical contribution: income and farm size, 

not education, sex, or other demographic factors, are the 

dominant determinants of legume production outcomes in 

this semi-arid context. The absence of significant 

associations between demographic variables and production 

trends further suggests that structural constraints (climate 

variability, market access, input availability) exert more 

uniform influences across demographic groups than 

previously hypothesised, challenging interventions that rely 

primarily on demographic targeting. Beans dominate the 

legume portfolio (84% of farmers), yet this limited 

diversification represents untapped potential for income 

growth and nutritional improvement through groundnuts and 

green gram, which exhibit comparable adoption rates (33% 

each) but higher yield variability. 

The policy implications emerging from these findings are 

clear and actionable. First, targeted input subsidies and 

microcredit schemes must prioritise low-income farmers to 

level the playing field in accessing improved seeds, rhizobia 

inoculants, and pest management inputs, addressing the 

binding financial constraints that perpetuate the 11-fold 

productivity gap between high- and low-income farmers. 

Second, climate-resilient legume varieties (drought-tolerant 

beans, early-maturing groundnuts, and green gram) should 

be disseminated through participatory extension models such 

as farmer field schools and demonstration plots, which 

provide practical agronomic training that compensates for 

the finding that general education alone does not translate 

into productivity gains. Third, given that farm size is a 

binding constraint for smallholders operating on one to three 

acres, group farming cooperatives and land consolidation 

models should be piloted to enable resource-poor farmers to 

capture economies of scale without altering land ownership. 

Fourth, crop diversification beyond beans must be actively 

promoted to spread production risk and enhance income 

resilience, leveraging the drought tolerance of green gram 

and the market potential of groundnuts. Finally, the 

production instability documented in this study demands  
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investment in small-scale irrigation, water-harvesting 

technologies, and strengthened farmer-market linkages 

through cooperative aggregation centres, ensuring that 

increased productivity translates into stable yields and 

reliable incomes. Collectively, these integrated, resource-

sensitive strategies address both the productivity constraints 

of low-performing farmers and the systemic instability that 

undermines legume-based livelihoods in Tanzania's semi-

arid zones. 
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