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ABSTRACT 
Smallholder farming systems face increasing risks from climate variability, 

market fluctuations, soil degradation, and socioeconomic inequalities. Crop-

livestock diversification can improve resource-use efficiency, spread production 

risks, and strengthen resilience. However, evidence on its socioeconomic and 

institutional determinants remains limited in Kenya’s semi-arid regions. This 

study examined these determinants among smallholder farmers in Mbeere North 

Sub-County, Embu County. A cross-sectional survey of 394 randomly selected 

households used stratified sampling. Diversification was measured using the 

Simpson Diversity Index, and fractional regression identified associated factors. 

Overall, household size (β = 0.065, p < 0.01), age (β = 0.005, p < 0.10), market 

distance (β = 0.086, p < 0.01), land tenure security (β = 0.171, p < 0.05), climate 

information access (β = 0.287, p < 0.01), and credit access (β = −0.172, p < 0.01) 

were significant determinants. Gender-disaggregated results revealed distinct 

patterns. Among female-headed households, household size, land tenure security, 

and market distance significantly influenced diversification. Among male-

headed households, household size, farmer-group membership, climate 

information access, and market distance had significant positive effects, whereas 

credit access had a significant negative effect. These findings highlight the 

importance of secure land rights, accessible climate information, effective farmer 

organizations, and gender-responsive agricultural support. Policies addressing 

these factors could strengthen crop-livestock diversification and improve 

smallholder resilience in semi-arid farming systems. 
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1. INTRODUCTION 

Smallholder farming systems face growing risks from climate variability, market fluctuations, soil degradation, and 

socioeconomic inequalities, threatening agricultural productivity and livelihood stability (Daba et al., 2025). These 

challenges are acute in areas where farmers depend on rain-fed agriculture and have limited access to productive 

resources, markets, and agricultural services (Gitonga, 2025). These conditions have intensified global efforts to 

develop more resilient and sustainable farming systems that can improve productivity while reducing farmers’ 

exposure to production and economic risks (Zerssa et al., 2023). 

Crop-livestock diversification has emerged as a key strategy for enhancing resilience and livelihood stability of 

smallholder farming systems (Chennalwad et al., 2025). The practice diversifies multiple crop and livestock 

enterprises to improve agricultural productivity, stabilize income, and reduce production risks (Cruz Colazo et al., 
2022). It also enhances resource use efficiency, strengthens resilience to climatic and market shocks, and reduces 

household vulnerability (Mohamed & Nusrathali, 2023; Vernooy, 2022). The diversification of crop-livestock 

enterprises also facilitates resource complementarity, where crop residues are used for animal feed, while livestock 
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manure is returned to crop fields to improve soil fertility and structure (Kim et al., 2022; Ofosu et al., 2023). These 

complements promote efficient resource recycling, reduce dependence on external inputs, and support both 

agricultural productivity and environmental sustainability (Nazir et al., 2025). 

The decision to diversify crop-livestock systems among smallholder farmers is influenced by socioeconomic, farm-

level, and institutional factors that determine farmers’ capacity and incentives to diversify (Kihoro et al., 2026). Farm 

size, land tenure, and household size affect farmers’ capacity to maintain multiple enterprises, while education and 

farming experience influence access to and use of agricultural information (Shabbir et al., 2026). Access to credit, 

extension services, market access, farmer groups, and climate information can also facilitate crop-livestock 

diversification by reducing financial and market constraints (Micheni et al., 2024). A recent study from Kenya shows 

that farm size, membership in farmer groups, age, gender, and other household characteristics significantly influence 

crop-livestock diversification decisions among smallholder farmers (Midamba et al., 2025). 

Despite the importance of crop-livestock diversification for managing agricultural risks, there is limited evidence on 

its determinants in arid and semi-arid farming systems. In Mbeere North Sub-County, where farming is 

predominantly rain-fed and exposed to climatic and livelihood risks, the factors shaping farmers’ diversification 

decisions are poorly documented. Therefore, this study examined the socioeconomic, farm-level, and institutional 

determinants of crop-livestock diversification among smallholder farmers in Mbeere North Sub-County, Embu 

County, Kenya. 

2. RESEARCH METHODOLOGY 

2.1 Description of the Study Area 

The study was conducted in Mbeere North Sub-County, Embu County, from April to June 2026. Mbeere North Sub-

County is one of the four sub-counties in Embu County. It covers 783.6 km², has a population density of 138.9/km², 

has a population of 108,881, and comprises three wards: Evurore, Nthawa, and Muminji. It lies within latitudes 0°25′ 

and 0°35′ South and longitudes 37°32′ and 37°50′ East. It falls within the lower midlands (LM4–LM5) and arid-to-

semi-arid agroecological zones (ASALs) of Embu County (KNBS, 2019). Altitude ranges from 500 m to 1,200 m 

above sea level, with annual rainfall ranging from 640 mm to 1,495 mm. Temperatures range from 15 °C to 30 °C 

(Jaetzold et al., 2007). Farming is mainly rain-fed, with farmers growing drought-tolerant crops such as millet, 

sorghum, pigeon peas, cowpeas, maize, beans, and green grams, alongside crop-livestock diversification, including 

goats, cattle, and poultry. These conditions made Mbeere North suitable for assessing crop-livestock diversification 

among smallholder farmers under resource and climatic constraints (Ngayu & Olale, 2025). 

2.2 Research Design, Sample Size, and Sampling Procedure 

This study used a cross-sectional survey design, which allowed data collection at a single point in time and was used 

to examine the relationships between socioeconomic, farm-level, and institutional factors and crop-livestock 

diversification (Garbole et al., 2025; Salifu & Salifu, 2023). The targeted population comprised 25,000 smallholder 

farming households in Evurore, Nthawa, and Muminji wards of Mbeere North Sub-County, Embu County (KNBS, 

2019). Using Yamane’s (1967) formula, a sample of 394 households was determined. A proportionate stratified 

random sampling was used, with each ward serving as a stratum (Table 1). Households were then randomly selected 

from the sampling frame obtained from the Sub-County Agricultural Office. 

Table 1. Sample Size of Smallholder Farming Households in the Study Area 

Name of the ward Frequency Percentage (%) 

Evurore 121 30.7% 

Muminji 116 29.4% 

Nthawa 157 39.9% 

Total 394 100 

 

2.3 Data Collection 

Primary data was collected from 394 smallholder farming households in Mbeere North Sub-County using a structured 

questionnaire and key informant interviews administered face-to-face. The questionnaire captured socioeconomic, 

farm-level, and institutional characteristics hypothesized to influence crop-livestock diversification, including 

household head’s age, gender, education level, household size, access to extension services, market access and 

distance to market, credit access, farmer group membership, land tenure, irrigation, and access to climate information. 

The questionnaire was pre-tested on 39 households (10% of the sample size) in Tharaka South Sub-County, Tharaka 

Nithi County, and its reliability was assessed using Cronbach’s alpha, with coefficients ranging from 0.700 to 0.833. 
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The data was analyzed using Stata version 17, and descriptive statistics were used to summarize the explanatory 

variables, while a fractional regression model was employed to estimate determinants of crop-livestock 

diversification. Statistical significance was assessed at the 1%, 5%, and 10% levels. 

2.4 Data Analysis: Fractional Regression Model 

The study employed a fractional regression model to identify socioeconomic, farm-level, and institutional factors 

associated with crop-livestock diversification. This model was appropriate because crop-livestock diversification 

(CLD) was measured using the Simpson Diversity Index (SDI), which is a continuous variable bounded between 0 

and 1. Fractional regression ensured that all predicted values remained within the 0 to 1 interval and provided 

consistent estimates without requiring the dependent variable to be normally distributed (Papke & Wooldridge, 1996). 

The model was specified as: 

 E (SDI | Xi) = G(Xiβ) (1) 

where SDIi = Simpson Diversity Index for household i, representing the level of crop-livestock diversification; Xi = 

(X1i, X2i, …, XKi) is the vector of explanatory variables (socioeconomic, farm-level, and institutional factors); β = (β1, 

β2, …, βK) is the vector of coefficients to be estimated; and G (·) is the logistic or probit cumulative distribution 

function that ensures the predicted SDI values remain between 0 and 1. The fractional regression model estimates 

the expected value of SDI conditional on the explanatory variables, with the coefficients (βs) indicating the direction 

and magnitude of each factor’s influence on crop-livestock diversification. Marginal effects were computed to 

interpret the quantitative effect of unit changes in explanatory variables on the SDI. The explanatory variables, their 

measurement, and their expected signs are summarized in Table 2. 

Table 2. Summary of the Explanatory Variables Used in the Fractional Regression Model 

Variable Description Data Measurement Expected sign 

Age of HHH Years of HHH Continuous Years + 

Gender of HHH Sex identity Dummy 1 = Male, 0 = Female +/− 

Educational level Years of schooling Continuous Years + 

Household size 
Number of members in the 

household 
Continuous Number + 

Farm size Total land owned or cultivated Continuous Hectares (ha) + 

Farming experience Years of farming experience Continuous Years + 

Access to extension 

services 

Access to agricultural training or 

advice 
Dummy 1 = Yes, 0 = No +/− 

Access to credit 
Access to financial credit for 

farming 
Dummy 1 = Yes, 0 = No +/− 

Access to market Ease of selling farm produce Dummy 1 = Yes, 0 = No +/− 

Membership in farmer 

groups 
Member of a farmer organization Dummy 1 = Yes, 0 = No +/− 

Land tenure Ownership of land Dummy 1 = Owned, 0 = Rented +/− 

Climate information  Access to climate information Dummy 1= Yes, 0= No +/− 

Note: HHH = household head. 

3. RESULTS AND DISCUSSION 

3.1 Household Demographic Characteristics 

The findings show that the average age of household heads was 43.24 years (SD ≈ 13), ranging from 20 to 95 years 

(Table 3). This indicates that most respondents were within the economically active age groups. This suggests that 

the majority of household heads had the physical capacity and farming experience required to engage in crop-

livestock farming. This finding is consistent with Micheni et al. (2024), who reported that most smallholder household 

heads were of economically active age. The findings show that 205 (52.0%) of households were female-headed, 

while 189 (48.0%) were male-headed, indicating a slight predominance of female-headed households (Table 3). This 

may be attributable to male out-migration in search of employment, which leaves women to manage household and 

farming activities. These findings align with the findings of Vimefall and Levin (2023), who observed an increasing 

proportion of female-headed farming households in rural areas. 
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Table 3. Descriptive Statistics of Household Demographic Characteristics 

Variable Category Freq. Percent Min Max Mean SD 

Age of HHH Years   20 95 43.24 12.55 

Gender of HHH Female 205 52.0%     

 Male 189 48.0%     

HHH education No formal 29 7.4%     

 Primary 196 49.8%     

 Secondary 129 32.7%     

 Tertiary 40 10.1%     

HH size Family size   1 13 4.80 1.70 

Farming members Active   1 8 2.32 1.04 

HHH’s main occupation Farming 231 58.6%     

 Business 118 30.0%     

 Employment 44 11.2%     

 Other 1 0.2%     

Marital status Divorced 6 1.5%     

 Married 331 84.0%     

 Single 31 7.9%     

 Widowed 26 6.6%     

Note: HH = household; HHH = household head; SD = standard deviation. 

During the study, it was observed that 196 (49.8%) of the household heads had attained primary education, 129 

(32.7%) secondary, 40 (10.1%) tertiary, and 29 (7.4%) had no formal education (Table 3). This suggests that the 

majority of household heads possess basic literacy skills, which likely enhances their ability to access agricultural 

information and adopt crop-livestock diversification farming practices. These findings agree with Kantoğlu et al. 

(2025), who found that most smallholder farmers had attained primary education. However, Tarekegn et al. (2024) 

reported a higher proportion of household heads with no formal education and a lower proportion with secondary 

education. The observed differences may be attributed to variations in educational opportunities and socioeconomic 

conditions across the study area. 

The findings of this study showed that the average household size was 5 persons (SD ≈ 2), with household sizes 

ranging from 1 to 13 members. The mean number of active farming members was 2 (SD ≈ 1), ranging from 1 to 8 

members (Table 3). This indicates that although households were large, only about half of the household members 

were actively engaged in farming activities. This suggests that limited household labor may constrain agricultural 

production and effective management of diversified crop-livestock enterprises. These findings are in line with Awoke 

et al. (2025), who reported that households with fewer active farming members often face labor constraints in 

managing diversified enterprises. 

During the study, it was also observed that farming was the main occupation of the majority of household heads of 

231 (58.6%), followed by business 118 (30.0%), formal employment 44 (11.2%), and other occupations 1 (0.2%; 

Table 3). This indicates that agriculture was the primary livelihood activity in the study area, although a considerable 

proportion of households also depended on non-farm income-generating activities. This livelihood diversification 

may reduce dependence on agriculture and improve household income stability. This finding aligns with those of 

Saba et al. (2022), who observed that engagement in non-farm income-generating activities reduces dependence on 

agriculture and contributes to household income stability. 

The findings reveal that 331 (84.0%) of the household heads were married, followed by 31 (7.9%) single, 26 (6.6%) 

widowed, and 6 (1.5%) divorced (Table 3). This may indicate that a high proportion of married household heads had 

access to family labor and shared decision-making, which may facilitate farm management and the adoption of crop-

livestock diversification practices. Conversely, the few single, widowed, and divorced household heads were more 

likely to face labor and resource constraints that could limit agricultural productivity and household welfare. This 
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finding is consistent with that of Yaried and Bullo (2025), who observed that livelihood diversification differs across 

marital groups due to variations in household labor and resource availability. 

3.2 Household Farm Characteristics 

The findings show that the average farm size was 3 ha (SD ≈ 1.45), ranging from 1 to 14 acres, indicating that 

households in the study area are smallholder farmers. The average land allocated to crop production was 2 ha (SD ≈ 

1), and 0.83 ha (SD ≈ 1.0) was allocated to livestock activities (Table 4). This suggests that crop production occupies 

a larger portion of the available land use compared to livestock production, which reflects the importance of crop 

farming as the dominant agricultural enterprise in the study area. Similar findings were reported by Otieno (2024), 

who found that smallholder farmers allocate a larger share of their land to crop production than to livestock activities. 

Table 4. Descriptive Statistics of Household Farm Characteristics 

Variable Category Freq. Percent Min Max Mean SD 

Farm size Hectares (ha)   1 14 2.96 1.45 

Land for crops Hectares (ha)   0 6.9 2.13 1.10 

Land for livestock Hectares (ha)   0 12 0.83 1.24 

Farming experience Years   1 70 16.79 13.37 

Soil fertility Good 18 4.6%     

 Moderate 346 88.0%     

 Poor 30 7.6%     

Land tenure type Communal 14 3.6%     

 Owned 327 83.0%     

 Rented 53 13.4%      

Secure land tenure No 100 25.4%     

 Yes 294 74.6%     

Irrigation access No 269 68.3%     

 Yes 125 31.7%     

Irrigation frequency Seasonal 70 56.0%     

 Occasional 55 44.0%     

Note: SD = standard deviation. 

Based on the findings, it was observed that the average farming experience was 17 years (SD ≈ 13), ranging from 1 

to 70 years, indicating that most households had considerable farming experience (Table 4). This suggests that 

farmers had accumulated knowledge and skills that may enhance farm management, resource allocation, and 

decision-making related to crop-livestock diversification. These findings are consistent with those of Makumi (2025), 

who observed that farming experience positively influences farm management decisions and technology adoption. 

About 346 households (88.0%) reported moderate soil fertility, 30 (7.6%) reported poor, and 18 (4.6%) reported good 

(Table 4). This indicates that most farmers operate under moderate soil productivity conditions, which may support 

agricultural production but still require appropriate soil fertility management practices to sustain productivity. 

The findings of this study also showed that 327 (83.0%) of the households owned their land, 53 (13.4%) cultivated 

rented land, and 14 (3.6%) used communal land. Additionally, 294 households (74.6%) had secure land tenure, while 

100 (25.4%) did not (Table 4). This indicates that most farmers had secure ownership rights, which may encourage 

long-term investment in crop-livestock enterprises. This may suggest that secure land tenure promotes the adoption 

of improved farming practices and sustainable land management. These findings align with those of Duker et al. 

(2025), who found that land tenure security positively influences farmers’ investment decisions. During the study, it 

was observed that 269 (68.3%) of households had no access to irrigation, while 125 (31.7%) had access, indicating 

that most households relied on rain-fed agriculture. 

Among households with access to irrigation, 70 (56.0%) used irrigation seasonally, and 55 (44.0%) practiced 

irrigation occasionally (Table 4). This may suggest that irrigation was primarily used to supplement agricultural 

production during periods of water shortage, highlighting the need to improve irrigation access to support crop-

livestock diversification and enhance household resilience. These findings accord with those of Karimba et al. (2022), 
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who found that smallholder irrigation is largely supplementary and constrained by limited water resources, 

infrastructure, and institutional arrangements. However, limited irrigation may constrain the diversification of crop-

livestock enterprises by reducing year-round fodder and crop production. 

3.3 Household Institutional and Market Characteristics 

The findings of this study show that 372 (94.4%) of households had access to agricultural extension services, while 

22 (5.6%) had no access (Table 5). This indicates strong institutional support for agricultural information 

dissemination and advisory services. This suggests that most farmers had opportunities to acquire knowledge on 

improved agricultural practices, which may enhance crop-livestock diversification and farm production. This concurs 

with the findings of Amghani et al. (2025), who reported that access to extension services enhances farmers’ 

knowledge of improved agricultural practices and supports agricultural productivity. 

Table 5. Descriptive Statistics of Institutional and Market Characteristics 

Variable Category Freq. Percent Min Max Mean SD 

Access to extension No 22 5.6%     

 Yes 372 94.4%     

Access to credit No 151 38.3%     

 Yes 243 61.7%     

Distance to market km   1 23 5.80 4.46 

Market access No 25 6.3%     

 Yes 369 93.7%     

Farmer group membership No 141 35.8%     

 Yes 253 64.2%     

Access to climate 

information 
No 54 13.7%     

 Yes 340 86.3%     

Note: SD = standard deviation. 

Access to credit was reported by 243 (61.7%) of households, while 151 (38.3%) had no access (Table 5). This 

suggests that the majority of farmers were able to obtain financial resources to invest in farm inputs, technologies, 

and other productive activities, which may enhance agricultural productivity and household livelihoods. Similar 

findings were reported by Mohammad et al. (2025), who found that agricultural credit improves farm productivity 

by increasing farmers’ investment capacity. The analysis demonstrates that 369 (93.7%) of the households reported 

access to markets, while 25 (6.3%) did not (Table 5). The average distance to market was 5.8 km (SD ≈ 4.46), ranging 

from 1 to 23 km. This indicates that most households were located within reasonable proximity to market centers, 

which may reduce transaction costs and improve market participation. This suggests that improved market access is 

likely to encourage farmers to diversify crop and livestock enterprises to increase household income. These findings 

agree with Mutea et al. (2025), who found that improved market access promotes agricultural commercialization and 

enhances household income. 

The findings of this study show that 253 (64.2%) of the households were members of farmer organizations, while 

141 (35.8%) were not. This indicates that most households had access to farmer groups or cooperatives, which 

facilitated access to agricultural information, extension services, inputs, credit, and markets, improving agricultural 

productivity and household livelihoods. These findings support those of Magasha et al. (2025), who noted that farmer 

organizations improve access to agricultural information, extension services, farm inputs, credit, and markets. 

The findings further demonstrate that 340 (86.3%) of the households reported having access to climate information, 

while 54 (13.7%) did not (Table 5). This suggests that the majority of farmers were able to obtain weather and 

climate-related information to guide agricultural planning and adaptation strategies. Access to timely climate 

information may enable farmers to make informed decisions regarding planting dates, crop selection, and risk 

management, thereby enhancing resilience to climate variability and improving livelihood outcomes. These findings 

are consistent with those of Dayo et al. (2025), who reported that access to climate information enhances farmers’ 

understanding of climate variability, promotes the adoption of appropriate adaptation strategies, and contributes to 

improved household food security. 
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3.4 Empirical Analysis of Determinants of Crop-Livestock Diversification 

The findings of this study show that the fractional regression model was statistically significant for both the pooled 

sample and the ward-level analyses (p < 0.001), indicating that the selected socioeconomic and institutional factors 

significantly influenced the extent of crop-livestock diversification among smallholder farmers (Table 6). In the 

pooled sample, household size had a positive and significant effect (β = 0.065, p < 0.01), indicating that households 

with more members were more likely to diversify their crop and livestock enterprises, due to greater labor availability 

(Table 6). This supports the findings of Sen et al. (2026), who reported that larger households were more likely to 

diversify their livelihoods because of increased household labor. Age had a positive influence on crop-livestock 

diversification (β = 0.005, p < 0.10), suggesting that older farmers, who possess more farming experience, were more 

likely to adopt diversified farming systems (Table 6). These findings are consistent with those of Adane et al. (2025), 

who reported that older farmers were more likely to diversify agricultural production because of their greater farming 

experience and better production decision-making. However, the finding contrasts with Asante et al. (2024), who 

observed that younger farmers were more likely to diversify because they were willing to adopt innovative farming 

practices and new technology. 

Table 6. Socioeconomic and Institutional Factors and Crop-Livestock Diversification 

Dependent variable: CLD Pooled Evurore Muminji Nthawa 

 (1) (2) (3) (4) 

Education 
−0.007 

(0.041) 

0.152** 

(0.075) 

−0.111* 

(0.064) 

−0.076 

(0.065) 

Age 
0.005* 

(0.003) 

0.008** 

(0.004) 

0.006 

(0.004) 

0.001 

(0.004) 

Gender 
0.023 

(0.049) 

0.018 

(0.102) 

0.020 

(0.051) 

0.071 

(0.072) 

Household size 
0.065*** 

(0.016) 

0.043 

(0.025) 

0.095** 

(0.046) 

0.050* 

(0.027) 

Farm size 
0.003 

(0.017) 

0.056* 

(0.027) 

 0.092*** 

(0.036) 

−0.004 

(0.035) 

Farming experience 
0.001 

(0.012) 

0.003 

(0.002) 

-0.005** 

(0.002) 

0.002 

(0.0017) 

Extension services 
0.040 

(0.132) 

0.197 

(0.204) 

−0.071 

(0.121) 

−0.128 

(0.206) 

Credit access 
−0.172*** 

(0.065) 

−0.283** 

(0.137) 

−0.031 

(0.064) 

0.403*** 

(0.128) 

Market distance 
0.086*** 

(0.008) 

0.062 

(0.050) 

−0.074* 

(0.044) 

0.039*** 

(0.010) 

Membership 
0.075 

(0.060) 

0.100 

(0.140) 

0.109 

(0.074) 

−0.020 

(0.101) 

Land tenure 
0.171** 

(0.068) 

−0.081 

(0.183) 

0.181*** 

(0.058) 

−0.024 

(0.427) 

Climate information  
0.287*** 

(0.099) 

−0.088 

(0.143) 

0.216** 

(0.109) 

0.463*** 

(0.171) 

Constant 
−2.040*** 

(0.347) 

−1.841*** 

(0.665) 

−0.592 

(0.523) 

−1.578 

(1.117) 

Log LR −246.554 −64.213 −76.487 −98.518 

Wald χ² 250.45 31.68 142.60 196.21 

Prob > χ² 0.000 0.000 0.000 0.000 

Pseudo R² 0.075 0.026 0.047 0.089 

Observations (N) 394 121 116 157 

Note: * p < 0.1; ** p < 0.05; *** p < 0.01. Robust standard errors are in parentheses. CLD = crop-livestock diversification. 

Market distance positively affected crop-livestock diversification (β = 0.086, p < 0.01; Table 6). This implies that 

farmers farther from markets tended to diversify their enterprises to reduce market-related risks, spread production 

risks, and enhance livelihood resilience, compared with households closer to markets, which tended to specialize in 

profitable enterprises. Similarly, Rashid et al. (2026) found that household socioeconomic characteristics and 
institutional support play a significant role in shaping farmers’ diversification decisions and the intensity of enterprise 

diversification. The findings showed that land tenure had a positive and significant effect (β = 0.171, p < 0.05), 

indicating that secure land ownership encourages farmers to invest in multiple agricultural enterprises (Table 6). 

These findings are consistent with Danso-Abbeam et al. (2025), who reported that secure land tenure increases 
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farmers’ willingness to make long-term investments, including enterprise diversification and improved land 

management practices. 

Access to climate information also significantly increased crop-livestock diversification (β = 0.287, p < 0.01), 

suggesting that informed farmers are better able to adopt diverse enterprises as an adaptation strategy to climatic 

uncertainties (Table 6). These findings align with Sanfo and Amikuzuno (2026), who noted that timely climate 

information enables farmers to make informed production decisions and adopt diversified farming systems as a 

climate adaptation strategy. Credit access negatively influenced crop-livestock diversification in the pooled model 

(β = −0.172, p < 0.01; Table 6). These findings suggest that households with access to credit may specialize in fewer 

but more profitable enterprises rather than diversify across multiple crop and livestock activities. Similarly, Trinh 

(2025) observed that access to credit supported agricultural investment and production but did not lead to crop-

livestock diversification, as farmers often use loans to strengthen existing enterprises rather than to diversify, due to 

higher returns. 

This study’s ward-level finding showed that there was heterogeneity in factors influencing crop-livestock 

diversification. In Evurore, education (β = 0.152, p < 0.05), age (β = 0.008, p < 0.05), and farm size (β = 0.056, 

p < 0.10) positively influenced crop-livestock diversification, while credit access had a negative effect (β = −0.283, 

p < 0.05; Table 6). In Muminji, household size (β = 0.095, p < 0.05), farm size (β = 0.092, p < 0.001), land tenure 

(β = 0.181, p < 0.01), farming experiences (β = -0.005, p < 0.05) and climate information (β = 0.216, p < 0.05) 

promoted crop-livestock diversification, whereas education (β = −0.111, p < 0.10) and market distance (β = −0.074, 

p < 0.10) reduced it (Table 6). In Nthawa, household size (β = 0.050, p < 0.10), credit access (β = 0.403, p < 0.01), 

market distance (β = 0.039, p < 0.01), and climate information (β = 0.463, p < 0.01) positively and significantly 

influenced crop-livestock diversification, with access to climate information exhibiting the strongest positive effect 

(Table 6). These variations demonstrate that the influence of socioeconomic and institutional factors differs across 

locations due to differences in resource endowment, market conditions, and institutional support. Bashiru and Oseni 

(2025) found that regional differences in socioeconomic conditions, institutional support, and agroecological 

characteristics shape farmers’ decisions to adopt crop-livestock diversification, highlighting the need for location-

specific interventions. 

The qualitative findings corroborated the quantitative results, showing that socioeconomic and institutional factors 

influenced crop-livestock diversification. The Sub-County Agricultural Officer reported that government programs, 

including the Upper Tana Catchment National Resource Management Project, Emergency Locust Response Project, 

and National Agricultural Value Chain Development Project, promoted diversification through farmer training, 

extension services, input support, value addition, and climate information. These programs encouraged enterprises 

such as dairy farming, apiculture, and coffee production, as well as improved fodder technologies, including Juncao 

Napier grass. Extension and livestock officers further noted that secure land tenure, demand-driven extension, timely 

climate information, improved breeds, and fodder technologies supported diversification. However, high input costs, 

limited land and capital, labor shortages, climate variability, weak market linkages, and inadequate institutional 

support constrained diversified farming. Therefore, these findings reinforce the quantitative results and explain 

differences in diversification across wards. 

3.5 Gender-Disaggregated Analysis of Factors of Crop-Livestock Diversification 

The findings of this study show that socioeconomic and institutional factors influenced crop-livestock diversification 

differently between female- and male-led households. Among female-led households, household size (β = 0.037, 

p < 0.10), market distance (β = 0.092, p < 0.01), and land tenure (β = 0.297, p < 0.01) positively and significantly 

influenced crop-livestock diversification. Among male-led households, household size (β = 0.077, p < 0.01), market 

distance (β = 0.081, p < 0.01), access to climate information (β = 0.468, p < 0.01), and farmer group membership 

(β = 0.205, p < 0.05) positively influenced crop-livestock diversification, whereas access to credit (β = −0.288, 

p < 0.01) had a negative effect (Figure 1). 

Based on these findings, household size positively influenced crop-livestock diversification (β = 0.037, p < 0.10), 

indicating that households with more members were more likely to diversify their crop-livestock enterprises due to 

greater family labor availability (Figure 1). Land tenure had the strongest positive effect (β = 0.297, p < 0.01; 

Figure 1). This suggests that women with secure land rights were more likely to invest in diversified farming 

enterprises, which provided them with confidence to undertake long-term investment in both crop and livestock 

production. These findings are consistent with Goli et al. (2025), who reported that secure land rights and improved 

access to productive resources enhance women’s participation in diversified agricultural production and strengthen 

household livelihoods. 
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Figure 1. Gender-Disaggregated Factors of Crop-Livestock Diversification 

Note: * p < 0.1; ** p < 0.05; *** p < 0.01. 

Market distance (β = 0.092, p < 0.01) had a positive influence, indicating that women in more remote areas may 

diversify their crop and livestock enterprises to reduce market-related risks and improve household food and income 

security (Figure 1). This finding agrees with Rashid et al. (2026), who reported that market conditions significantly 

influence farmers’ diversification in crop and livestock decisions. These findings contrast with those of Ayalew and 

Merin (2026), who found that greater distance to markets reduced diversified farming systems among smallholder 

farmers due to high transaction and transportation costs, limited access to agricultural inputs, and profitable output 

markets. 

Among male-led households, household size (β = 0.077, p < 0.01) and market distance (β = 0.081, p < 0.01) 

significantly enhanced crop-livestock diversification. Similarly, access to climate information (β = 0.468, p < 0.01) 

had a great positive effect, implying that male led households use climate-related knowledge to diversify enterprises 

and manage production risks (Figure 1). These findings align with Sanfo and Amikuzuno (2026), who reported that 

access to reliable climate information enhances farmers’ adaptive capacity and encourages enterprise diversification. 

Membership in farmer groups (β = 0.205, p < 0.05; Figure 1) promoted crop-livestock diversification, likely through 

improved access to information, technologies, and social networks, supporting the findings of Gemechu et al. (2024), 

who found that farmer organizations improve access to agricultural information, technologies, extension services, 

and social networks that encourage livelihood diversification. 

In contrast, access to credit (β = −0.288, p < 0.01) significantly reduced crop-livestock diversification, suggesting 

that male-led households with access to credit tended to specialize in fewer but more profitable enterprises rather 

than diversify. This finding supports the report of Rituay et al. (2026), who found that agricultural credit is commonly 

used to increase investment and farm productivity in existing farm enterprises rather than to promote enterprise 

diversification. However, it contrasts with Bodhgire (2025), who found that improved access to financial resources 

encouraged livelihood diversification by easing capital constraints. The differences may be attributed to variations in 

farmers’ investment priorities, enterprise profitability, and local economic conditions. 

During the study, it was observed that crop-livestock diversification among female-led households was mainly 

influenced by land tenure security and market access factors, while among male-headed households it was driven by 

access to climate information, farmer group membership, and access to credit. These observations underscore the 
need for gender-responsive interventions that address the distinct socioeconomic and institutional factors influencing 

crop-livestock diversification among male- and female-headed households. However, the Agribusiness Officer 

further showed that women faced greater constraints in accessing land and capital, limiting their diversification in 
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crop and livestock opportunities, while men benefited more from farmer groups and agricultural training. These 

insights explain the observed gender differences in crop-livestock diversification. 

4. CONCLUSION AND RECOMMENDATIONS 

The study concludes that crop-livestock diversification is an important livelihood strategy among smallholder farmers 

in Mbeere North and is influenced by a combination of socioeconomic and institutional factors. Household size, age 

of the household head, land tenure security, market distance, and access to climate information were significantly 

associated with diversification, while access to credit was associated with lower diversification. Gender differences 

were also evident, with female-headed and male-headed households responding differently to the factors influencing 

diversification. These findings imply that policies promoting crop-livestock diversification should strengthen land 

tenure security, improve rural market infrastructure, and enhance access to timely and reliable climate information. 

Agricultural credit programs should be designed to support diversified production rather than encourage 

specialization, while extension and farmer-group interventions should adopt gender-responsive approaches that 

address the different needs and constraints of female- and male-headed households. 

References 

Adane, M., Zekarias, S., Chanyalew, S., & Mekonnen, S. (2025). Drivers of smallholder farmers’ crop diversification: Evidence 
from the rice-dominated farming system of Fogera plain, Northwest Ethiopia. African Journal of Food, Agriculture, 
Nutrition & Development, 25(5), 26629–26654. https://doi.org/10.18697/ajfand.142.24390  

Amghani, M. S., Miladi, H., Savari, M., & Mojtahedi, M. (2025). Factors influencing the agricultural extension model sites in Iran. 
Scientific Reports, 15, Article 9590. https://doi.org/10.1038/s41598-025-94151-6  

Asante, B. O., Ma, W., Prah, S., & Temoso, O. (2024). Farmers’ adoption of multiple climate-smart agricultural technologies in 
Ghana: Determinants and impacts on maize yields and net farm income. Mitigation and Adaptation Strategies for 
Global Change, 29, Article 16. https://doi.org/10.1007/s11027-024-10114-8 

Awoke, R. W., Kimurto, P., & Okello, D. (2025). Determinants of adoption of climate-smart agricultural technologies and 
practices in groundnut production: A gender-disaggregated analysis in arid and semi-arid lands of Kenya. Discover 
Agriculture, 3, Article 238. https://doi.org/10.1007/s44279-025-00406-1 

Ayalew, G., & Merin, A. (2026). Determinants of food security among rural households: In the case of Sahila Woreda selected 
kebeles. Ethiopian Journal of Business Management and Economics, 9(1), 40–66. 

Bashiru, H. A., & Oseni, S. O. (2025). Simplified climate change adaptation strategies for livestock development in low- and 
middle-income countries. Frontiers in Sustainable Food Systems, 9, 1566194. 

Bodhgire, N. B. (2025). Exploring the role of financial literacy in enhancing financial inclusion across demographic groups. Asian 
Journal of Multidimensional Research, 14(2), 22–38. 

Chennalwad, S., Waghmare, P., & Jadhav, A. (2025). Crop diversification: strategies for risk mitigation and economic resilience. 
Crop production and economic sustainability: evolving perspectives, 209. 

Cruz Colazo, R., Hernández, J., & Gómez, A. (2022). Crop–livestock diversification for income stabilization and risk mitigation. 
Sustainable Agriculture Reviews, 58, 75–92. https://doi.org/10.1007/978-3-030-85687-6_5 

Daba, B., Regasa, T., & Mammo, S. (2025). Impacts of climate change and variability on rural livelihoods and adaptation strategies 
in Ethiopia: A review paper. Frontiers in Climate, 7, 1563176. https://doi.org/10.3389/fclim.2025.1563176 

Danso-Abbeam, G., Ogundeji, A. A., Ehiakpor, D. S., Korir, L., & Djokoto, J. (2025). Exploring the linkages between on-farm 
enterprise diversification and food security in Northern Ghana. Discover Food, 5(1), 73. 

Dayo, F. T., Ayal, D. Y., Bantider, A., & Leal Filho, W. (2025). Climate variability perceptions and adaptation response to ensure 
household food security in Borana zone, Southern Ethiopia. International Journal of Climate Change Strategies and 
Management, 17(1), 1036–1055. 

Duker, A., Velásquez, D. Z., Prasad, P., De Fraiture, C., & Quesada, G. C. (2025). How grassroots resistance fosters sustainability: 
lessons from sand harvesting and water availability in a farming community in Kenya. Water SA, 51(4), 370–377. 

Garbole, J., Dima, G., & Kanchora, D. (2025). Livelihood diversification strategies and its impact on pastoral food security in 
Dubluk district, Borana Zone, Southern Ethiopia. Environmental and Sustainability Indicators, 28, 100894.  
https://doi.org/10.1016/j.indic.2025.100894 

Gemechu, A., Jaleta, M., Zemedu, L., & Beyene, F. (2024). Impact of membership of seed-producer cooperatives on 
commercialisation among smallholder farmers in the central highlands of Ethiopia. African Journal of Agricultural and 
Resource Economics, 19(1), 54–84. https://doi.org/10.53936/afjare.2024.19(1).4 

Gitonga, J. M. (2025). The effects of emerging trade patterns in Agikuyu women’s indigenous food crops on food security in Nyeri 
County from 1902 to 1980. East African Journal of Agriculture and Biotechnology, 8(1), 22–37. 
https://doi.org/10.37284/eajab.8.1.2648 

Goli, I., Bijani, M., Koohi, P. K., Skominas, R., Värnik, R., Van Passel, S., … Azadi, H. (2025). Toward tenure security: The relationship 
between women’s land ownership, formal land title documents and their empowerment. Land Use Policy, 148, 107389. 

Jaetzold, R., Schmidt, H., Hornetz, B., & Shisanya, C. A. (2007). Farm management handbook of Kenya: Vol. II. Natural conditions 
and farm management information (2nd ed., Part C: East Kenya). Ministry of Agriculture and GTZ. 

Kantoğlu, B., Çabaş, M., Erdem, A., Pilatin, A., Barut, A., & Radulescu, M. (2025). Impacts of agritech on sustainable agriculture in 
Sub-Saharan Africa: a quantile regression approach towards SDG 2.4. Carbon Balance and Management, 20(1), 34. 

Karimba, B. M., Duker, A., Prasad, P., Karimi, P., de Fraiture, C., & van der Zaag, P. (2022). Irrigation on the move: How transient 
farming partnerships facilitate the expansion of smallholder irrigation along ephemeral rivers in dryland areas of Kenya. 
Agricultural Water Management, 265, 107526. https://doi.org/10.1016/j.agwat.2022.107526 

Kenya National Bureau of Statistics (KNBS). (2019). 2019 Kenya population and housing census volume I: Population by county 
and sub-county. Kenya National Bureau of Statistics. https://www.knbs.or.ke 

https://doi.org/10.66529/agripat.2026.2.5.134
https://doi.org/10.18697/ajfand.142.24390
https://doi.org/10.1038/s41598-025-94151-6
https://doi.org/10.1007/s11027-024-10114-8
https://doi.org/10.1007/s44279-025-00406-1
https://doi.org/10.1007/978-3-030-85687-6_5
https://doi.org/10.3389/fclim.2025.1563176
https://doi.org/10.1016/j.indic.2025.100894
https://doi.org/10.53936/afjare.2024.19(1).4
https://doi.org/10.37284/eajab.8.1.2648?utm_source=chatgpt.com
https://doi.org/10.1016/j.agwat.2022.107526
https://www.knbs.or.ke/


J. Agric. Pol. & Transf. Vol. 2(5)  |  Open Access  |  ISSN: 3134-819X 

© 2026 The Authors. Published under CC BY 4.0.  |  https://doi.org/10.66529/agripat.2026.2.5.134  256 

Kihoro, D. M., Gathungu, G. K., & Wairimu, V. N. (2026). Effects of adoption of agricultural technologies on the income of the Irish 
potato farmers: Application of propensity score matching. Journal of Agricultural Policy and Transformation, 2(SI), 9–16.  
https://doi.org/10.66529/agripat.2026.2.SI.100 

Kim, S. K., Marshall, F., & Dawson, N. M. (2022). Revisiting Rwanda’s agricultural intensification policy: Benefits of embracing 
farmer heterogeneity and crop-livestock integration strategies. Food Security, 14(3), 637–656. 

Magasha, O., Alex, S., & Mlage, F. V. (2025). The impact of collective action on enhancing crop productivity: A multimethod 
analysis of farmers’ groups in Morogoro District, Tanzania. African Quarterly Social Science Review, 2(1), 109–122. 

Makumi, M. M. (2025). Adoption intensity of soil fertility enhancement technologies, agricultural extension methods, and 
farmers’ perceptions in the drylands of lower eastern Kenya (Doctoral dissertation, University of Embu, Kenya). 

Micheni, P. K., Gathungu, G. K., & Muriithi, D. K. (2024). Analyzing the determinants and extent of crop diversification among 
smallholder coffee farmers in Kirinyaga Central and East sub-counties, Kirinyaga County, Kenya. J. Agribus. Rural Dev., 
2(72), 201–217. https://doi.org/10.17306/J.JARD.2024.01744 

Midamba, D. C., Omondi, S. O., & Mose, P. B. (2025). Exploring the determinants of crop-livestock diversification and its effect on 
farm income: Evidence from smallholder farmers in Homa Bay County, Kenya. International Journal of Sustainable 
Agricultural Research, 12(4), 192–209. https://doi.org/10.18488/ijsar.v12i4.4508 

Mohamed Nikzaad, R., & Nusrathali, N. (2023). Integrating livestock and crop systems for enhanced productivity and grassland 
conservation in developing countries. In M. A. Iqbal (Ed.), Grasslands—Conservation and Development. IntechOpen. 
https://doi.org/10.5772/intechopen.113109 

Mohammad, A. A., Mohammad, S. I., Al-Oraini, B., Vasudevan, A., Hunitie, M. F. A., & Ismael, B. (2025). The impact of agricultural 
credit on farm productivity, employment, and rural development: Empirical evidence from Jordan’s agricultural sector. 
Pakistan Journal of Agricultural Research, 38(3), 20–31. 

Mutea, E., Jacobi, J., Rist, S., Kiteme, B., & Hossain, M. S. (2025). Agricultural commercialization and food security: Evidence and 
policy implications for smallholder farmers in Kenya. World Development Sustainability, 6, Article 100214. 
https://doi.org/10.1016/j.wds.2025.100214 

Nazir, K. M., Arabzai, G. M., & Niaz, M. I. (2025). Advancing nutrient management in integrated crop-livestock systems: pathways 
toward sustainable agricultural development. Natural Resources and Sustainable Development, 15, 415–446. 

Ngayu, M. M., & Olale, O. P. (2025). Revitalization of rural livelihoods through land use planning in arid and semi-arid lands: A 
case of Ewuaso Oo’nkidongi Ward, Kajiado County. Africa Habitat Review, 20(2), 3426–3437. 
https://doi.org/10.66563/jg7ta168 

Ofosu, A., Zemadim, B., Oke, A., Yeboah, S., & Cofie, O. O. (2023). Mixed farming system and key agricultural water management 
practices in Ghana: A review report. 

Otieno, M. (2024). Climate change mitigation strategies and carbon storage in agricultural systems. In Sustainable agroecological 
practices in Sub-Saharan Africa in the face of climate change (pp. 217–233). Cham: Springer Nature Switzerland. 

Papke, L. E., & Wooldridge, J. M. (1996). Econometric methods for fractional response variables with an application to 401(k) 
plan participation rates. Journal of Applied Econometrics, 11(6), 619–632. https://doi.org/10.1002/%28SICI%291099-
1255%28199611%2911%3A6%3C619%3A%3AAID-JAE418%3E3.0.CO%3B2-1  

Rashid, M. M., Mondol, M. A. S., Rahman, M. S., & Jackson, T. (2026). Factors influencing agricultural diversification: The case of 
northern Bangladesh. Indian Journal of Extension Education, 62(2), 79–85. 

Rituay, P., Aldea, C., Otoya-Barrenechea, J., Tolentino Soriano, M. A., García, L., & Campos Trigoso, J. A. (2026). Agricultural credit, 
farm performance and technology adoption under credit rationing in Peru. Sustainability, 18(6), 2761. 

Saba, S., Sarker, M. A. R., & Gow, J. (2022). Determinants of non-farm income diversification strategies and decisions of 
Bangladesh farm households. Economic Analysis and Policy, 76, 226–235. 

Salifu, G. A. N., & Salifu, Z. (2023). Challenges of income diversification and food security in Northern rural Ghana. 

Cogent Social Sciences, 9(2), 2282414. https://doi.org/10.1080/23311886.2023.2282414 
Sanfo, S., & Amikuzuno, J. (2026). Climate-induced shocks, food insecurity and strategies for tackling evolving impacts within the 

Alliance of Sahel States. agriRxiv, (2026), 20260209326. 
Sen, L. T. H., Chi, N. N. L., & Nguyen, D. T. (2026). Determinants of livelihood diversification among climate-vulnerable rice farming 

households: an integrated multi-theoretical approach from central Vietnam. Journal of Agribusiness in Developing and 
Emerging Economies, 1–20. 

Shabbir, M., Farah, N., Naz, M., Azam, A., & Umm-e-Ammara. (2026). Factors affecting animals’ health management practices 
among women livestock keepers in rural areas: Insights from district Faisalabad. Journal of Agricultural Policy and 
Transformation, 2(2), 53–61. https://journals.ageconfrontiers.com/agripat/article/view/35 

Tarekegn, T., Assefa, E., Alemu, M., & Tadesse, B. (2024). Sources and intensity of access to agricultural information technologies 
by smallholder farmers in Northwest Ethiopia. Frontiers in Sustainable Food Systems, 8, Article 1455037. 
https://doi.org/10.3389/fsufs.2024.1455037 

Trinh, K. A. (2025). Interaction between credit and entrepreneurial orientation to strengthen farmers’ intentions to diversify 
their income. Agricultural and Resource Economics: International Scientific E-Journal, 11(4), 69–96. 

Vernooy, R. (2022). Does crop diversification lead to climate-related resilience? Improving the theory through insights on 
practice. Agroecology and Sustainable Food Systems, 46(6), 877–901. 

Vimefall, E., & Levin, J. (2023). Income diversification among farming households headed by women in rural Kenya. Feminist 
Economics, 29(2), 219–251. 

Yamane, T. (1967). Statistics: An introductory analysis (2nd ed.). Harper & Row. https://search.worldcat.org/title/841865372 
Yaried, A. A., & Bullo, M. S. (2025). Determinants of women’s participation in income-generating activities in western Ethiopia. 

Asian Journal of Agriculture, 9(1), 84–93. 
Zerssa, G. W., Hailemariam, M., & Tadele, K. T. (2023). Improving the sustainability of agriculture: challenges and opportunities. 

Land-Use Management–Recent Advances, New Perspectives, and Applications. 
 

 

https://doi.org/10.66529/agripat.2026.2.5.134
https://doi.org/10.66529/agripat.2026.2.SI.100
https://doi.org/10.17306/J.JARD.2024.01744
https://doi.org/10.18488/ijsar.v12i4.4508
https://doi.org/10.5772/intechopen.113109
https://doi.org/10.1016/j.wds.2025.100214?utm_source=chatgpt.com
https://doi.org/10.66563/jg7ta168?utm_source=chatgpt.com
https://doi.org/10.1002/%28SICI%291099-1255%28199611%2911%3A6%3C619%3A%3AAID-JAE418%3E3.0.CO%3B2-1
https://doi.org/10.1002/%28SICI%291099-1255%28199611%2911%3A6%3C619%3A%3AAID-JAE418%3E3.0.CO%3B2-1
https://doi.org/10.1080/23311886.2023.2282414
https://journals.ageconfrontiers.com/agripat/article/view/35
https://doi.org/10.3389/fsufs.2024.1455037
https://search.worldcat.org/title/841865372


J. Agric. Pol. & Transf. Vol. 2(5)  |  Open Access  |  ISSN: 3134-819X 

© 2026 The Authors. Published under CC BY 4.0.  |  https://doi.org/10.66529/agripat.2026.2.5.134  257 

Declarations 

Acknowledgements: The authors’ special acknowledgement goes to Chuka University, specifically the Department of 
Agricultural Economics, Agribusiness Management, and Agricultural Education and Extension, for administrative support. 
The authors also sincerely acknowledge the smallholder farmers and agricultural officers in Mbeere North Sub-County, 
Embu County, for providing valuable data. 

Funding: The authors self-funded this research and received no specific grant from a funding agency in the public, 
commercial, or not-for-profit sectors.  

Conflict of Interest: The authors declare that they have no conflict of interest. 

Ethics Compliance: Ethical approval for this study was obtained from Chuka University Institutional Ethics Committee 
(Approval No. NACOSTI/NBC/AC-0812). Research authorization was obtained from the National Commission for Science, 
Technology and Innovation (NACOSTI) [License No. NACOSTI/P/26/4185286]. Informed consent was obtained from all 
participating households and key informants before data collection. Participation was voluntary, and the confidentiality 
of the information provided was maintained. 

Author Contributions: Salim Kibet Maket conceptualized the study, developed the methodology, coordinated data 
collection, conducted the data analysis, and prepared the original manuscript. Geofrey Kingori Gathungu and Pauline 
Kananu Micheni contributed to supervision, methodological review, interpretation of the findings, and critical revision of 
the manuscript. All authors reviewed and approved the final manuscript. 

Use of AI: AI-assisted tools (LLMs) were used to improve the language, grammar, and formatting the figure(s). The author 
reviewed and approved all content and assumes full responsibility for its accuracy 

 

https://doi.org/10.66529/agripat.2026.2.5.134

