

[image: image1]
Adoption Intensity of Selected Organic-Based Soil Fertility Management Technologies in the Central Highlands of Kenya












	
	ORIGINAL RESEARCH
published: 13 January 2021
doi: 10.3389/fsufs.2020.570190






[image: image2]

Adoption Intensity of Selected Organic-Based Soil Fertility Management Technologies in the Central Highlands of Kenya

George G. Mwaura1*, Milka N. Kiboi2, Eric K. Bett1, Jayne N. Mugwe3, Anne Muriuki4, Gian Nicolay5 and Felix K. Ngetich3


1Department of Agricultural Economics, School of Agriculture and Enterprise Development, Kenyatta University, Nairobi, Kenya

2Department of Land and Water Management, School of Agriculture, University of Embu, Embu, Kenya

3Department of Agricultural Science and Technology, School of Agriculture and Enterprise Development, Kenyatta University, Nairobi, Kenya

4National Agricultural Research Laboratories, Kenya Agricultural Livestock and Research Organization Nairobi, Nairobi, Kenya

5International Department, Research Institute of Organic Agriculture (FiBL), Frick, Switzerland

Edited by:
Patrick Meyfroidt, Catholic University of Louvain, Belgium

Reviewed by:
Fabio Bartolini, University of Pisa, Italy
 Therese Mwatitha Gondwe, Independent Researcher, Lilongwe, Malawi

*Correspondence: George G. Mwaura, gg.mwaura1@gmail.com

Specialty section: This article was submitted to Land, Livelihoods and Food Security, a section of the journal Frontiers in Sustainable Food Systems

Received: 06 June 2020
 Accepted: 11 December 2020
 Published: 13 January 2021

Citation: Mwaura GG, Kiboi MN, Bett EK, Mugwe JN, Muriuki A, Nicolay G and Ngetich FK (2021) Adoption Intensity of Selected Organic-Based Soil Fertility Management Technologies in the Central Highlands of Kenya. Front. Sustain. Food Syst. 4:570190. doi: 10.3389/fsufs.2020.570190



Soil fertility decline continues to be a major challenge limiting agricultural productivity globally. Despite the novelty of organic-based technologies in enhancing agricultural production in Kenya's central highlands, adoption is low. Therefore, we carried out a cross-sectional household survey of 300 randomly selected smallholder farmers to determine the specific organic-based practices by farmers; and the socioeconomic factors that influence the adoption intensity of selected organic-based technologies. We used descriptive statistics to summarize the data and the Tobit regression model to evaluate the socioeconomic determinants of adoption intensity of selected organic-based technologies. We identified nine organic-based technologies that had different adoption rates among the farmers. The majority of the farmers had adopted manure (97%) and manure combined with fertilizer (92%) in Murang'a and Tharaka-Nithi, respectively. Manure was applied to the largest land in Murang'a with 31% of the cultivated land. In comparison, manure combined with fertilizer had the highest adoption intensity in Tharaka-Nithi applied to about 25% of the cultivated land. Gender, age of the household head, level of education, household size, access to external labor, training, Tropical Livestock Unit, agriculture group membership, access to credit, land cultivated, and farming experience influenced the adoption intensity of organic-based technologies among smallholder farmers. Based on the smallholder farmers' adoption behavior, this study can be used to disaggregate the farming households better in order to tailor specific organic-based soil fertility technologies solutions that meet their unique needs. One group would be those households that face specific constraints, as reflected in their low adoption rates, women-headed households and older farmers, and thus require more targeted / intensive efforts to overcome these barriers. The other group would be those households that require less focus because, when confronted with the technologies, they are more likely to adopt them easily, for example, the male-headed households. Hence, the smallholder farmers' adoption behavior, can enable policymakers to form a base for designing appropriate policies that encourage the adoption of organic-based soil fertility technology by smallholder farmers.
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INTRODUCTION

Land degradation is a primary agricultural production and socioeconomic challenge across the globe. Specifically, low soil fertility is a threat to smallholder farmers' livelihood in sub-Saharan Africa (SSA) (Nigussie et al., 2017). Over half of the SSA population are smallholder farmers relying wholly on subsistence agriculture for livelihood. Smallholder rain-fed dependent farming is highly susceptible to extreme weather events such as floods, droughts, and prolonged dry spells (Cordingley et al., 2015). The fast-growing population has also led to increased arable land fragmentation for settlement space and to meet growing food demand (Mulinge et al., 2016). A quick fix has been to open up more lands for cultivation (Teklewold et al., 2013). These new lands are still susceptible to degradation due to continuous cropping coupled with little or non-use of external soil inputs, resulting in low agricultural productivity and poverty (Teklewold et al., 2013). Central Highlands of Kenya face similar challenges of land degradation, low soil fertility, decreased crop production, and increasing population prompting various research studies on integrated (organic and inorganic inputs) soil fertility-based technologies (Mucheru-Muna et al., 2010; Ngetich et al., 2014; Kiboi et al., 2019). Despite governmental and non-governmental agencies' efforts to tackle the constraints by promoting organic-based technologies, these efforts do not match the adoption levels (Mugwe et al., 2009).

Application of external soil inputs (organic and inorganics fertilizers) can enhance soil fertility in rain-fed smallholder farming systems, thus increasing crop production (Diwani et al., 2013; Kiboi et al., 2019). However, the use of inorganic fertilizers by the smallholder farmers has been low due to their high price and untimely accessibility (Mugwe et al., 2009; Ngetich et al., 2012; Liverpool-Tasie et al., 2017). Hence, locally available and more affordable soil organic inputs is an alternative remedy for declining soil fertility. Organic inputs play a crucial role in organic matter build-up and sustainability; thus, improving agricultural productivity (Omenda et al., 2019). Animal manure, green manure (Tithonia diversifolia, Calliandra Calothyrsus, Lantana camara), mulching, and agroforestry are some of the readily available organic inputs, while organic practices in the study area included crop rotation and intercropping (Mugendi et al., 1999; Mucheru-Muna et al., 2014; Kiboi et al., 2018). Several researchers have recommended using these organic inputs or integrating the organics with inorganic inputs (organic-based technologies) to enhance agricultural productivity (Place et al., 2003; Nganga et al., 2020). The use of sole organics or integration with inorganic resources bridges the gap between high-cost external inputs and the farmers' resources related challenges (Mutegi et al., 2012). Studies by Kimani et al. (2004) and Macharia et al. (2014) found that about 80% of the CHK households used animal manure and attributed its use to cattle ownership and financial constraints that hinder the accessibility of inorganic fertilizer. The organic and inorganic resources are not perfect substitutes, but both are fundamental for sustainable crop production (Odendo et al., 2011; Bargaz et al., 2018). There is a need to improve the understanding of why the intensity of adoption of organic-based technologies has been low despite the prolonged demonstrations and the reported salient benefits of their use.

The adoption of new technologies seems to offer opportunities to alleviate poverty in developing counties, thus attracting scientists to research their adoption levels by the smallholder farmers (De Graaff et al., 2008). Since the value of agricultural research innovations is realized when end users take them up, the identification of the determinants of factors that influence the adoption of improved technologies will help in promoting the effectiveness of research and extension services as well as the agricultural policy to increase agricultural productivity of the smallholder farmers (Alene et al., 2000). There have been few studies carried out to determine the rate of adoption of improved agricultural technologies in Kenya and specifically the central highlands of Kenya (Marenya and Barrett, 2007). However, very limited analysis has been done focusing on the factors influencing the intensity or extent of adoption of the technologies once they are introduced (Salasya et al., 2007). The existing literature does not provide sufficient empirical explanation as to why smallholder farmers in the Central Highlands of Kenya fail to adopt the desired level of recommended technologies.

The farmer's decision-making process on technology adoption and adoption level is understood by inquiring about the crucial factors a farmer considers in their adoption decision and the extent of adoption. However, smallholder farmers' adoption intensity of technology differs from one to another (Rauniyar and Goode, 1992). Thus, it is vital to explore the intensity of adoption of the organic-based technologies in the study area. Also, most of the studies on the adoption of organic-based technologies by smallholder farmers use a static binary framework model, which is not sufficient to explain the socioeconomics determinates of adoption intensity (Amsalu and De Graaff, 2007; Ali et al., 2012; Erb et al., 2013; Finger and El Benni, 2013). The use of the static binary framework model would lead to loss of important information (Lynne et al., 1988). Therefore, there is a need to obtain a clear understanding of smallholder farmer characteristics, farm, and institutional factors associated with the intensity of adoption (Olwande et al., 2009).

Previous studies on adoption conducted in Kenya have shown that the adoption of new agricultural technologies, which includes the adoption of low soil fertility correction practices among the smallholder farmers, has been behind the scientific and technological advancement which occasions low agricultural productivity (Okuro et al., 2002; Mugwe et al., 2009; Macharia et al., 2014). The principal reason for low adoption and low adoption intensity has been inadequate knowledge of farmers' adoption behavior toward the new technologies. Determining factors that influence the adoption intensity is essential in crafting new technologies and disseminating them as it would yield answers to questions regarding the adoption intensity and which factors condition the intensity of adoption. The analysis of the factors that determine the extent of the smallholder farmers' adoption decision to apply the low soil fertility replenishing technologies that maintain sustainable agricultural production while conserving the natural resource base is essential, realistic, sustainable, and improves crop productivity. Therefore, the purpose of this study was to identify the specific organic -based technologies applied by farmers and determine the socioeconomic factors that influence the adoption intensity of selected organic-based technologies in the CHK.


Conceptual Framework

Determinants of the decision to adopt and the extent of adoption of agricultural technologies are described as a complex process that initially includes establishing whether a farmer has adopted or not and the extent of the adoption (Meijer et al., 2015). Seminal work on adoption by Gunawan (1998) and Rogers (1995) put forward a theoretical framework that showed that farmers become aware of the new technology, which forms the first stage in the adoption process, referred to as innovation-diffusion. In the innovation-diffusion stage, farmers form an attitude about technology before deciding whether to adopt or not (Rogers, 1995). Additionally, according to Rogers (1995), new technology information is transferred from its source to the farmers through a medium such as field extension officers and media. The technology diffusion to potential adopters relies on the attributes of the individual user. The adoption behavioral framework has been used in several studies to examine the adoption of various technologies by farmers (Neupane et al., 2002; Adnan et al., 2017) and was adopted for this study, as presented in Figure 1. The influence of farmers' awareness and attitude formation is unobservable. However, what is observable is the farmer adoption behavior, whether they adopt or not, and the extent of adopting the new technology. AlthoughWhile the decision whether to adopt or not is dichotomous, the extent of adoption is a continuous variable (Choudhury and Goswami, 2013). Therefore, we assume that; (1) the farmer decideds whether to adopt or not adopt, (2) upon the decision to adopt, the farmer decides to what extent the new technology should be applied. The extent of the adoption decision will be dependent on the farmer characteristic, defined by the four dimensions Socio-economic, HH Demographics, Farm and Institutions (see Figure 1). The conceptual framework is to build a Tobit regression model that predicts how a particular farmer with given household and farm attributes decides the extent of technology adoption (Waithaka et al., 2007; Mazvimavi and Twomlow, 2009; Mugwe et al., 2009).


[image: Figure 1]
FIGURE 1. Schematic framework for studying farmer's adoption behavior in the Central.


This study assumes that the farmer's behavior of making choices is rational. Therefore, the decision of the ith farmer to adopt an introduced technology will be motivated by the expected benefit derived from that technology. An ith farmer decides to adopt a technology that will deliver maximum utility. This theory of utility maximization is derived from the Von Neumann-Morgenstern utility function. The utility function suggested that, if a ith farmer is presented with two options (i.e., a conventional and new technologies), the ith a farmer will evaluate the expected utility of the new technology (ΣUni) in comparison to the expected utility of the conventional technology (ΣUti). When the farmer selects the new technology over conventional technology it shows a preference which is a proxy that indicate maximum utility is derived from the new technology compared to the conventional technology. This can be expressed mathematically as;
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MATERIALS AND METHODS


Study Area

We conducted the study in Murang'a and Tharaka-Nithi counties located in the Central Highlands of Kenya. The two counties experience a bimodal rainfall pattern that presents two cropping seasons; long rains (from March to June) and short rains (October, November, December). The predominant soil type in the two study areas is humic Nitisols (Kiboi et al., 2018). The soils are deep, well-drained, and of moderate to high fertility, but due to continuous cropping, it has lost fertility over time (Jaetzold et al., 2007). The two counties' main economic activity is rainfed subsistence agriculture characterized by mixed farming systems with low productivity (Kisaka et al., 2016). The dominant cash crops are tea (Camellia sinensis) and coffee (Coffea arabica), while annual crops which are mainly under mixed cropping system are Maize (Zea mays), beans (Phaseolus vulgaris), kales (Brassica oleracea), cowpeas (Vigna unguiculata), among others.

Murang'a County lies between Lower Highland zone one to three (LH1-3) and Upper Midland Zone one to two (UM1-2) agro-ecological zones (AEZ) on the eastern slope of the Aberdare Range with an elevation of about 400 to 1,600 m above the sea level (Jaetzold et al., 2007). The annual bimodal rainfall ranges from 850 mm to 1,500 mm, while the yearly average temperature is 23°C (Jaetzold et al., 2007). The county has an estimated population size of 1,056,640 people with an average household size of 3.3 and a population density of 419 per square kilometer [Kenya National Bureau of Statistics (KNBS), 2019].

Tharaka-Nithi County is on the eastern slopes of Mt. Kenya lying between Upper Midland Zone two (UM2) and Upper Midland Zone three (UM3) AEZ, at an altitude of 500 to 1,500 m above sea level (Jaetzold et al., 2007). The area has an annual mean temperature of 20°C with an annual bimodal rainfall ranging between 500 to 1,400 mm (Jaetzold et al., 2007). Tharaka-Nithi County has a population size of 393,177 people with an average household size of 3.6 and a population density of 153 per square kilometer [Kenya National Bureau of Statistics (KNBS), 2019].



Sampling Procedure and Data Collection

We employed a multistage sampling approach involving purposive and random sampling procedures in respondents' selection. In the first stage, we purposively selected Murang'a and Tharaka-Nithi counties, the justification being that the selected organic-based technologies have been promoted in the two sites (Kangai, 2004). In the second stage, we purposively selected Gatanga (Murang'a) and Meru South (Tharaka-Nithi) sub-counties. In contrast, in the third stage, we applied a simple random sampling technique to choose half the number of locations (administrative units) from each sub-county. From each sampled location, we randomly selected two sub-locations for the household survey.

Given that the population size varied in the sampled sub-locations, we determined the number of households interviewed proportionate to the number of households in each sub-location. We calculated the total sample size based on a 95% confidence level and a 9.8% confidence interval, leading to a total sample size of 300 smallholder farmers. For each sub-county, the sample size was 150 households. We collected the data by administering a semi-structured interview schedule to the household heads using the Open Data Kit (ODK) collect app.



Statistical Analysis

We managed the data using Microsoft excel before analyzing using STATA version 13. To characterize the smallholder farmers' households, we did the descriptive statistical analysis using measures of central tendencies, percentages, and frequency distribution. For inferential statistics, we used the Tobit regression model to estimate the socioeconomic variables that influenced the adoption intensity of organic-based technologies in the Central Highlands of Kenya.



Empirical Models

Probit and Logit regression models have been used widely to study factors that influence the adoption of different organic-based technologies in the region (e.g., Mugwe et al., 2009; Odendo et al., 2011). The two regression models are suitable when assessing the decision to adopt a technology whereby the decision to adopt is measured as a dummy variable. However, when evaluating the adoption intensity, Probit, and Logit are not appropriate econometric models because they use categorical measures to estimate adoption (Jingchao et al., 2019). To address this, a Tobit regression model was used to determine socioeconomic factors that influence the intensity of using organic-based technologies. This was motivated by Mazvimavi and Twomlow (2009) who applied Tobit in the evaluation of socioeconomic and institutional factors influencing adoption of conservation farming by vulnerable households in Zimbabwe, Choudhury and Goswami (2013) who used the same in determining the factors that influenced the area under jatropha plantation in North East India and Jingchao et al. (2019) who applied the same in the evaluation of the of coal quality-based household energy choices in rural Beijing. Unlike Probit and Logit, a Tobit regression model uses a dependent variable that is continuous, as in the case of this study. The area under the selected organic-based technologies was used as the dependent variable. Therefore, the area under each selected technology represented a censored distribution as farmers who had not adopted any organic -based soil fertility technologies assumed zero value. This means that there was a cluster of households with zero area of land without any technology at the limit. The tobit regression model is applicable in such cases because it uses data at the limit as well as the data above the limit to estimate the coefficients (McDonald and Moffitt, 1980). The empirical model of the influence of a set of explanatory variables on the use of selected organic-based technologies was specified using Equation (1).
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Where Y is the % land fraction under a selected technology compared to the total cultivated; β0 is the intercept, β1, β2…βn, are the regression coefficients of independent variables (X1, X2, Xn, respectively) and εi is the error term.



Description of Variables
 
Dependent Variables

To measure the selected organic-based technologies' adoption intensity, we initially considered nine technologies that formed the dependent variables. Below are the details/definitions of the technologies:

(i) Agroforestry: the planting of leguminous trees and applying the leaves or other materials harvested from such trees to enrich the soil. Mercer and Pattanayak (2003) argued that the use of agroforestry is important in protecting the ecological capital, such as replenishing low fertile soils, among other environmental benefits.

(ii) Compost: decomposing organic materials before applying them in the soil. The use of composts is considered as an option for recycling organic wastes available on the farm (Paul et al., 2017). The advantage of using compost is that it improves soil structure and aeration and increases its water-holding capacity (Twarog, 2006).

(iii) Residue incorporation: burying Maize stalks in the soil after harvesting Maize. Residue incorporation is reported to increases soil organic matter content crop yield and soil aggregate stability (Lehtinen et al., 2014; Spiegel et al., 2015).

(iv) Cover cropping: the planting of legumes to cover the soil rather than for the harvest. Application of cover crop protects the soil from runoff and improves the physical and biological properties of soils and increased biodiversity (Celette et al., 2008).

(v) Crop rotation: planting crops (cereal and legume) in rotation to ensure the best-balanced nutrient supply. The inclusion of leguminous crops in the rotation potentially contributed to the nitrogen in the soil for the subsequent crops grown (Lundy et al., 2015).

(vi) Mulching: application of organic materials on the soil such that the soil has a 30% cover. Mulching enriches and protects the soil. Also, it helps provide a better growing environment for crops (Akinola and Owombo, 2012).

(vii) Intercropping defined as planting cereals with legumes. The legumes have a unique role in sustaining soil fertility through symbiotic biological N fixation (Sauer et al., 2018).

(viii) Manure: application of well-cured manure before planting. Manure is a major component of the organic-based technologies with the potential benefits of long-term improvement of low soil fertility, organic matter, and supply of nutrients, especially nitrogen (N), phosphorus (P), and potassium (K) macronutrients (Kassie et al., 2013).

(ix) Combination of manure and fertilizer: the application of a combination of well-cured manure and fertilizer in the soil. The combined use of manure and fertilizer inputs leads to positive synergistic effects and hence replenishes the soil (Mucheru-Muna et al., 2014).

The nine dependent variables were first analyzed to determine the average per cent of land under organic-based technologies compared to total cultivated land, after which, the technologies that had over 10% threshold were considered for further analysis. We defined the adoption intensity as the proportion of total cultivated land that is under a given organic-based technology; therefore, the dependent variable is bounded by the [0,1] interval.



Independent Variables

Martey et al. (2014) asserted that the efficient promotion of organic-based technologies needs the provision of information on the factors that can accelerate or decelerate uptake. Ajayi et al. (2007) insist that adoption and intensity of adoption of technologies by farmers is a process that starts with the dissemination of information, testing, and eventual adoption or continued use of the technology. Given that adoption is a dynamic process, this study hypothesized several factors influence the intensity of adoption by the ith farmer, which were based on the economic theory and empirical literature on the adoption of organic-based technologies and integration of organic technologies inorganic inputs (Ervin and Ervin, 1982; Doss and Morris, 2000; Marenya and Barrett, 2007; Muzira et al., 2011; Martey et al., 2014). These independent variables are discussed as follows;

• GENDER refers to the gender of the household head. It has been observed that gender disparity exists in access to resources, information, and access to agricultural inputs (Peterman et al., 2014). Gender disparity is important in determining adoption and/or adoption intensity. Female farmers are less likely to adopt agricultural technologies, which may be an indicator of the existence of absolute socioeconomic inequalities and barriers (Ndiritu et al., 2014).

• AGE is the age (in years) of the head of the household. Empirical studies show that compared to younger farmers, the likelihood of adoption and adoption intensity of soil replenishing technologies is lower among older farmers because they have a shorter planning range (Ervin and Ervin, 1982; Chianu et al., 2004). Hence, this study hypothesizes a negative relationship between age and the intensity of adopting organic-based technologies.

• OCCUPATION relates to the primary source of livelihood of the household. It was articulated using code one (1) for farming, two (2) for off-farm business, three (3) for employed, and four (4) for retired. Farming is the main source of livelihood that may imply that the households may be willing to invest more to conserve their soil fertility using organic-based technologies (Ogunlana, 2004). Farming as a primary occupation was hypothesized to have a positive relationship between adoption intensity and farming as the household's main occupation.

• EDUCATION measured the level of education of the head of the household. It was captured using code one (1) for no formal education, two (2) for primary education, three (3) for secondary education, and four (4) for tertiary education. Education is paramount in enhancing human capital, farm management skills and improves the ability to comprehend and adopt new agricultural technologies (Bezuayehu et al., 2002; O'Donoghue and Heanue, 2018). It is expected that farmers that have attained a higher level of education are more likely to adopt, to a great extent, organic-based technologies than less educated farmers.

• HHSIZE refers to the size of the farmer's household. Household members are the main source of farm labor in the Central Highlands of Kenya and, by extension, sub-Saharan Africa. It has been reported that labor constraints impend a farmers' ability to adopt technology to great extent technologies with a high labor requirement (Kpadonou et al., 2017; Krah et al., 2019). Application of organic-based technologies has a high labor requirement. Larger households have a higher probability of adopting organic-based technologies intensively than the small sized households. This is explained by the likelihood of larger households to have adequate labor to apply organic-based technologies.

• HIRING LABOR is the hiring of labor. Hiring labor was measured as a dummy variable where one (1) was yes and zero (0) otherwise. Hired labor is a supplementation to the already existing household labor. Mugwe et al. (2009) reported that labor positively influenced the adoption of soil infertility-correcting technology. The positive influence was, possibly, because the hired labor increased the already available labor, allowing the household to apply new technology. This study hypothesized a positive relationship between hiring labor and adoption intensity of organic-based technologies.

• FRMEXP measured the farming experience (in years) of the household head. Farming experience is an important attribute to farmers in deciding whether to adopt agricultural technology, especially in evaluating whether the technology is worthwhile to the farmer (Ntshangase et al., 2018). Farming experience is used to measure a farmer's knowledge in farming that she/he has acquired over time. We assumed that experienced farmers are more likely to have a high adoption intensity than farmers who had few years of farming experience.

• TRAINING refers to a learning process that allows acquiring knowledge, skill sharpening, concepts formation, and eventually changing farmer attitudes and behaviors toward applying agricultural technologies. Through training, farmers are enriched with knowledge on how to apply technology to realize optimal benefits (Macharia et al., 2014). We hypothesized that training on organic-based technology would have a positive influence on the adoption intensity.

• HERDSIZE measured the number of mature cattle owned by the household. Cattle is the main source of animal manure in the Central Highlands of Kenya (Macharia et al., 2014; Nganga et al., 2020). We hypothesize that households with a large herd size will have a higher probability of adopting organic-based technologies intensively than households with a small herd size. This is explained by the fact that more cattle mean a large quantity of manure will be available for the farm.

• LANDCULT refers to the size of land under cultivation measured in hectares. Past research has shown that there has been a positive effect of farm size on farmer adoption behavior. For example, Kassie et al. (2011) reported a positive and significant relationship between farm size and the adoption of technologies. The study showed that the farm size increased, the likelihood of adopting agricultural technologies increased.

• TITLEDEED is title deed ownership. Title deed ownership is a proxy for land security. Land security is divided into secure farms with legal documents (title deed) and insecure farms that do not have a title deed as a guarantee of land rights. Mulolwa et al. (2016) assert that land title deed documents are issued as an indicator of full property rights on the land. Secure land-use rights were reported to positively influence the adoption of agricultural technology in Liberia (Fouladbash and Currie, 2015). We hypothesized that title deed ownership would positively affect the adoption intensity of organic-based technologies.

• AGRIGRP measured agricultural group membership. An agricultural group is an organization that is owned and controlled by farmers. It was articulated as zero (0), not a member of an agricultural group, and one (1) member of an agricultural group. The agricultural group is the main channel used to deliver extension services by both governmental and non-governmental organizations. Membership of the agricultural group was reported to positively influence the adoption of technologies because the farmers shared their experiences and challenges, which fostered a positive way forward (Murage et al., 2019).

• CREDITACCESS referred to the farmers' access to agricultural credit. Access to agricultural credit took a value of one (1) if the household obtained agricultural credit and zero (0) otherwise. Credit has been reported to be important in the promotion of agricultural technology (Mugwe et al., 2009). Without access to credit, the majority of the farmers cannot afford to implement agricultural technologies. We hypothesized a positive relationship between adoption intensity and agricultural credit access.

A detailed description, definition, and expected direction of the explanatory variables are presented in Table 1.


Table 1. Definition of dependent and explanatory variables.
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RESULTS


Demographic, Socioeconomic, and Farm Characteristics

Among the interviewed households in Murang'a, 55% were male-headed, with the majority (88%) being full-time farmers (Table 2). The respondents that had attained primary school education were 48%, while 9.3% had no formal education. Seventy-six per cent of the respondents were not trained on organic-based technologies, while 52% of the household hired labor. Seventy-two per cent of the households owned a title deed, whereas 25.3% were members of agricultural groups. The respondents that reported lack of credit access were 42% in Murang'a County.


Table 2. Descriptive summary statistics of the sampled smallholder farmers in and Tharaka-Nithi for categorical variables.

[image: Table 2]

In Tharaka-Nithi County, 65.3% of the households were male-headed, with a majority (91.3%) of the respondents being full-time farmers (Table 2). The least (1.3%) of the respondents were retirees; thus, their primary source of livelihood was a pension. Fifty-one per cent of the respondents had attained primary education, while 3.3% had no formal education. The highest proportion of farmers (67.3%) in Tharaka-Nithi hired labor. Results on hired labor indicated that the majority of the households hired labor. The majority of the respondents (82.7%) had a land title deed. Most of the respondents (56%) were not members of an agricultural group, while 41.3% reported that they did not have access to credit.

The average age of the household heads' in was 54 years, with a mean household size of 3.79 (Table 3). The average years of farming experience were 25 years, while the mean cultivated land was 0.49 ha. The tropical livestock unit (TLU) was 35 units. In Tharaka-Nithi, the mean age of the household head was 51 years, and the average household size of 4.23. The mean farming experience was 24.11 years and an average cultivated land of 0.46 ha. The tropical livestock unit (TLU) was 18.12 units.


Table 3. Descriptive summary statistics of the sampled smallholder farmers in Murang' a and Tharaka-Nithi for continuous variables.
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Adoption of Selected Organic-Based Technologies
 
Adopters and Non-adopters

In Murang'a, 8.7% of the households were agroforestry adopters, 14.7% were compost adopters, 21.3% residue incorporation, 38.7% cover crop, 42.7% crop rotation, 60.7% mulch, 72% intercrop, 96.7% manure, and 81.3% were manure +fertilizer adopters (Table 4). In Tharaka-Nithi, adopters of agroforestry were 26.7%, 11.3% compost, 11.3% residue incorporation, 86.7% cover crop, 68% crop rotation, 92.7% mulch, 48% intercrop, 90% manure, and 92% were manure +fertilizer adopters (Table 4).


Table 4. Adoption percentages of selected organic-based technologies in Murang'a and Tharaka-Nithi counties.
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The adopters of agroforestry were few (17.7%) in the two counties than non-adopters (82.3%) (Table 4). Adopters of compost were 13%, while 87% were non-adopters. Residue incorporation was adopted 16.3 with 83.7% non-adopters. The cover crop was adopted by 26%, with 74% non-adopters. Crop rotation was adopted by 55.3% with 44.7% non-adopters. Mulch adopters were 76.7%, while non-adopters were 23.3%. Intercropping adopters were 60% and 40% non-adopters. Manure adopters were 93.3%, while 6.7% were non-adopters. Lastly, manure +fertilizer adopters were 86.7% and 13.3 non-adopters (Table 4).



Land Under Organic-Based Technologies

Overall, sole manure and manure + fertilizer were used on the largest land sizes in the two counties (Table 5). This was followed by intercropping at 0.17 ha in Murang'a and 0.25 ha under mulch (Table 5). Compost was applied in the least land size in Murang'a and Tharaka-Nithi, 0.03, and 0.02 ha, respectively (Table 5).


Table 5. Average area (ha) under organic-based technologies in the Central Highlands of Kenya.
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The minimum possible percentage of land under a given technology was 0%, while the maximum possible land allocated to any given technology was 100%. Where the technology was not applied at all, a 0% allocation was reported, while 100% was reported where technology was fully applied. In Murang'a and Tharaka-Nithi, the maximum percentage of land under manure compared to total cultivated land was 100% (Table 6). Manure followed by manure+fertilizer had the highest per cent allocation in Murang'a, 31.26, and 23.39%, respectively. In Tharaka-Nithi, manure+fertilizer and manure had the highest percentage of land allocated, at 24.84 and 24.34%, respectively. In Murang's agroforestry, a and cover crop in Tharaka-Nithi had the smallest allocation of 1.64 and 1.61%, respectively.


Table 6. Minimum, maximum, and the average per cent of land under organic-based technologies in relationship to total cultivated land in Murang' a and Tharaka-Nithi.
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Socioeconomic Factors Influencing Adoption Intensity of Mulch, Intercropping, Manure, Manure Plus Fertilizer and Crop Rotation

In Murang'a, gender of the household head had a significant positive influence on the adoption intensity of manure + fertilizer (β = 0.132, p = 0.05) (Table 7). Age of the household head had a negative influence on the adoption intensity of intercropping (β = −0.004, p = 0.038) and manure + fertilizer (β = −0.004, p = 0.074). The level of education attained by the household head positively influenced the adoption intensity of manure + fertilizer (β = 0.049, p = 0.041). The household size had a positive influence on the adoption intensity of mulch (β = 0.024, p = 0.029), intercropping (β = 0.024, p = 0.027), manure (β = 0.026, p = 0.095) and manure + fertilizer (β = 0.035, p = 0.029). Access to external labor influenced positively the adoption intensity of mulch (β = 0.080, p = 0.043), intercropping (β = 0.225, p = 0.039), manure (β = 0.110, p = 0.029), manure + fertilizer (β = 0.084, p = 0.026) in Murang'a County (Table 7).


Table 7. Parameter estimates of the Tobit model for the determinants of adoption intensity of the selected organic-based technologies in Murang' a County.
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Training of the household head had a positive influence on the adoption intensity of mulch (β= 0.064, p = 0.042) and manure (β = 0.067, p = 0.050) in Murang'a (Table 7). Tropical Livestock Unit (TLU) had a positive influence on the adoption intensity of manure (β = 0.367, p = 0.0001) and manure + fertilizer (β = 0.023, p = 0.050) (Table 7). Total land under cultivation had a positive influence on the adoption intensity of mulching (β = 0.132, p = 0.017), intercropping (β = 0.195, p = 0.0001), manure (β = 0.395, p = 0.0001), and manure + fertilizer (β = 0.605, p = 0.0001). Title deed ownership had a significant and positive influence on the adoption intensity of manure (β = 0.055, p = 0.046). Household membership to an agricultural group positively affected the adoption intensity of mulch (β = 0.105, p = 0.083) and manure + fertilizer (β = 0.131, p = 0.074) (Table 7). Household access to credit affected positively and significantly the adoption intensity of manure + fertilizer (β = 0.092, p = 0.098).

In Tharaka-Nithi County, the gender of the household head influenced significantly and positively the adoption intensity of intercropping (β = 0.102, p = 0.044) (Table 8). The household head's education level significantly influenced the adoption intensity of manure + fertilizer (β = 0.058, p = 0.019). The household's size was significant and it positively influenced the adoption intensity of mulch (β = 0.132, p = 0.000) and manure (β = 0.134, p = 0.048). Household access to external labor was significant and positively influenced the adoption of mulch (β = 0.066, p = 0.036), and manure (β = 0.057, p = 0.066). Years of household head experience had a positive and significant influence on the adoption intensity of manure + fertilizer (β = 0.006, p = 0.006) (Table 8).


Table 8. Parameter estimates of the Tobit model for the determinants of adoption intensity of the selected organic-based technologies in Tharaka-Nithi County.
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Training of the household head on organic-based technology, positively and significantly affected the adoption intensity of mulch (β = 0.092, p = 0.037), and manure + fertilizer (β = 0.097, p = 0.042) (Table 8). The TLU owned by the household was significant and positively influenced the adoption intensity of intercropping (β = 0.004, p = 0.034), manure (β = 0.053, p = 0.0001), and manure + fertilizer (β = 0.022, p = 0.077). Land under cultivation was positively significant in influencing the adoption intensity of intercropping (β = 0.222, p = 0.003), manure (β = 0.341, p = 0.001), manure+ fertilizer (β = 0.435, p = 0.000) in Tharaka-Nithi.

Household title deed ownership positively and significantly influenced the adoption intensity of mulch (β = 0.084, p = 0.050) and intercropping (β = 0.138, p = 0.026) (Table 8). Household head agricultural group membership affected positively and significantly the adoption intensity of mulch (β = 0.090, p = 0.027), manure (β = 0.120, p = 0.009), and manure + fertilizer (β = 0.321, p = 0.001) (Table 8). Household access to credit was an important factor that positively and significantly affected the adoption intensity of intercropping (β = 0.205, p = 0.001), manure (β = 0.073, p = 0.094) and manure + fertilizer (β = 0.069, p = 0.028) (Table 8).




DISCUSSION


Demographic, Socioeconomic, and Farm Characteristics

The majority of the households in the two counties were male-headed. This finding corroborates with a study conducted in the Central Highlands of Kenya by Mugwe et al. (2009). However, in the Central Highlands of Kenya, men are dominant household heads who make nearly all farm-related decisions (Mugwe et al., 2009; Macharia et al., 2014). Therefore, the possibility of having many males than female-headed households in this region is high. Many household heads in Murang'a and Tharaka-Nithi were full-time farmers with few household heads being retirees. The findings agree with Kisaka et al. (2016), who reported that farming is the main livelihood for most households in the Central Highlands of Kenya. Household head practicing full-time farming indicates how interested the household head may be to try new technology and ultimately adopt the technology (Murage et al., 2019).

Education plays a vital role in farmer's capacity to understand and obtain information from different sources (Adolwa et al., 2012). Many of the respondents in both counties had attained primary education, with fewer having no formal education. It is more likely that farmers with a low level or no education may find comprehending information daunting (Adolwa et al., 2012). We attributed the high level of primary education attainment to the high number of primary schools distributed strategically and in proximity to the respondents' household location (Ministry of Education Science and Technology, 2014).

Training is a capacity-building approach that aims to empower farmers with specific knowledge (Barrios et al., 2006). Fewer respondents in Murang'a and Tharaka-Nithi were trained on organic-based technologies. We ascribed the low number of trained farmers to the cost of training. The cost to farmers could be either in the form of opportunity cost or financial costs, which may be a significant hurdle that hinders them from attending the training (Fischer and Qaim, 2012). Given that the smallholding farming system in Murang'a and Tharaka-Nithi was largely unmechanised, manual labor hiring is predominant. The reliance on manual labor leads to a higher number of households hiring labor to meet the labor demand (Wanjiku et al., 2007). Additionally, the capital required to buy or rent machines to use on the farm is high and often unavailable to smallholder farmers (Johansen et al., 2012).

Title deed ownership is a crucial indicator of land tenure rights because it signifies land ownership security (Nhemachena and Hassan, 2007). Many households in the two counties had title deeds. Ownership of a title deed also provokes long term investment in the land. It is an essential pointer of whether or not households can adopt new technologies (Nhemachena and Hassan, 2007). The results showed that few households belonged to an agricultural group. We attributed the findings on agricultural group membership to the fact that the farmer's decision to be a member of a farming group depends on the expected fixed cost and benefits of being a member (Fischer and Qaim, 2012). Therefore, the farmers may have considered the fixed cost of joining the agricultural group as higher than the benefits received from being a member (Fischer and Qaim, 2012). Access to credit is a significant variable in determining a household's probability of adopting technology because many technologies have a higher capital requirement (Mal et al., 2013). Respondents reported that they had low credit access in both counties. We attributed the low access to credit to the high interested charged on commercial loans (Irungu, 2013). Additionally, lack of collateral, low profitability, and macroeconomic uncertainty occasions banks to perceive the agricultural sector as a high-risk consumer (Irungu, 2013). Lack of access to credit means market failure that prompts for intervention from the government and other stakeholders in agriculture (Beyene et al., 2019).

The households' mean age in the study area implied that the household heads were still in their labor active years. This finding corroborates with a study by Takusewanya et al. (2018), which reported that household heads in their study area had similar ages and were still active. This finding contrast with a study by Bala et al. (2011) that reported younger household heads than the average age reported in this study. Thus, the CHK farmers are still in their active labor years can participate in farming (Ramaekers et al., 2013). The average household size in Murang'a and Tharaka-Nithi showed that in the Central Highlands of Kenya, the households have family labor at their disposal and the ability to work off-farm (Kidane et al., 2005).

Additionally, this finding corroborates with Mignouna et al. (2011), who reported a similar household size in their study area who were vital sources of labor. However, this finding differs from a study conducted by Murage et al. (2019) that found smaller household sizes in the Central Highlands of Kenya. The results of a high number of farming experiences in both counties can be attributed to the farming culture of the communities in the Central Highlands of Kenya (Macharia et al., 2014). In these communities, farming is the primary source of livelihood, and therefore, the average household heads amass many years of farming experience (Muatha et al., 2017; Murage et al., 2019).

Results showed that the total land cultivated was small in both counties. This finding may be co-attributed to land fragmentation that has been taking place in the smallholder setting in most parts of SSA (Mulinge et al., 2016). The increased fragmentation of arable land to provide settlement space and to meet the ever-increasing food demand is a serious impendent in the agricultural production process (Curran-Cournane et al., 2016; Bacior and Prus, 2018). The tropical livestock unit in both counties indicated that the number of livestock in the two counties was high. Murang'a had an intensive livestock system characterized by the housing of animals, a high level of animal husbandry, and an optimum feed plan. However, Tharaka-Nithi had an extensive livestock system marked by crosses of indigenous breeds on a pasture-based production system to limited housing of livestock. This explains the variation in the number of livestock reported in Murang'a and Tharaka-Nithi counties.



Adoption of Selected Organic-Based Technologies
 
Adopters and Non-adopters

Manure and combination of manure +fertilizer were the most adopted technologies in Murang'a and Tharaka-Nithi combined. The high rate of adoption was attributed to the number of livestock owned by the households in the study area, as indicated by the TLU in Table 3 above. A study by Macharia et al. (2014) in the Central Highlands of Kenya revealed that the majority of the households keep cattle. Cattle ownership among households enhances the adoption of manure and manure + fertilizer (Mugwe et al., 2009). Compost was the least adopted technology of the selected organic-based technologies in Tharaka-Nithi. The low adoption may be explained by the high labor and capital requirement and the intensive process in preparing the compost (Vigneswaran et al., 2016). Crop rotation and intercropping were averagely adopted in Murang'a and Tharaka-Nithi combined. The average uptake of crop rotation and intercrop technologies can be attributed to legumes' accessibility in the study area (Murage et al., 2019).



Land Under Organic-Based Technologies

Results show that large land sizes were under manure and manure + fertilizer both in Murang'a and Tharaka-Nithi. This meant that the technologies might have been readily available for farmers to use them without many challenges. Previous studies in the Central Highlands of Kenya report that manure is readily available because many households own cattle (Kimani et al., 2004; Mugwe et al., 2009; Macharia et al., 2014). Small land sizes were dedicated to compost in Murang'a and Tharaka-Nithi. This finding was ascribed to the low adoption of the technology, as indicated in Table 4. The process of making compost is rigorous, and most households are not ready to undertake it. The land dedicated to agroforestry in Murang'a may indicate that households in Murang'a do not perceive it as an accessible technology in soil conversation. This was explained by the long term investment period required before farmers experience the benefits from agroforestry.

The minimum possible land allocation for selected organic-based technology was zero (Table 6). This meant that some households did not adopt any technology completely. On the other hand, the maximum possible percentage of land allocation for selected organic-based technology was a 100%. It implied that some households had applied some organic-based technologies fully on their cultivated land. Manure followed by manure + fertilizer had a high percentage of land allocated in Murang'a and Tharaka-Nithi. This meant that farmers adopted manure and manure + fertilizer on large pieces of land compared to other technologies. The plausible explanation of this pattern is that farmers are rational decision-makers, and they adopt technologies that are easy to apply and whose resources are not strenuous to obtain (De-Miguel et al., 2019).

The percentage of land dedicated to agroforestry in contrast to the total cultivated land was small in Murang'a. Agroforestry is a long term investment that may take time for the farmers to benefit from it (Simelton et al., 2017). The low adoption in agroforestry may be attributed to the small pieces of land available to the smallholder farmers. A study by Nyaga et al. (2015) in Rift Valley Kenya associated low adoption of agroforestry to small land sizes. In Tharaka-Nithi, the cover crop had the least percentage allocation compared to other organic-based technologies. The low allocation of land under cover crops may be because cover cropping is still not very popular among farmers (Alonso-Ayuso et al., 2018).




Socioeconomic Factors Influencing Adoption Intensity of Selected Organic-Based Technologies

The gender of the household head positively influenced the adoption of organic-based technologies (Tables 7, 8). This finding meant that male-headed households were more likely to adopt a higher number of organic-based technologies than female-headed households. We ascribed this to a male-dominated hierarchical cultural set-up whereby males tend to benefit more than females (Bradshaw, 2013). This trend is seen in small -scale farming systems in SSA, where male-headed households are more likely to have more resources to facilitate the adoption of organic-based technologies than female-headed households. The unequal access to resources can hinder women from adopting organic-based technologies. This corroborates with the findings of Agegnehu and Amede (2017).

The household head's age had a negative effect on the adoption of organic-based technologies, especially of compost and crop rotation. This meant that households headed by older people are less likely to have a high adoption intensity of the selected organic-based technologies compared to the younger household head. As household heads advance in age, their risk aversion abilities increase, unlike younger farmers with low-risk aversion (Odendo et al., 2010). Therefore, elderly farmers are less likely to adopt new technologies (Odendo et al., 2010). Additionally, the age of the household head indicates their capacity to work (Anjichi et al., 2007), implying that as the age of the farmer advances, they are less likely to participate in strenuous farming activities such as composting, and this reduces the possibility of adopting labor-intensive technologies (Odendo et al., 2010).

In contrast, other studies, for example, Abdulai and Huffman (2004), reported that elderly household heads adopted new agricultural technologies compared to younger household heads. This was attributed to the heavy capital requirement; older households may have accumulated more capital over time (Abdulai and Huffman, 2004). Further, the credit institution may prefer the elderly than the young households head.

Many years of farming experience exposes farmers to more knowledge, and they are more likely to adopt (Edmeades et al., 2008). Years of farming experience had a significant positive influence on the adoption intensity of organic-based technologies. As the years of farming experience increases, the household head was more likely to have a higher adoption intensity. It is expected that a long farming experience would increase the likelihood of a farmer to predict the success of technology correctly. This finding is because farmers face complex constraints, and as they delve into solving the low soil fertility problem, they gain more experience. Farming experience enhances the farmer to decide which technologies meet his/her complex constraints; thus, she/he adopts those technologies (Shiferaw et al., 2009). A study by Edmeades et al. (2008) reported that farmers with many years of experience were more likely to adopt improved agricultural technologies in Uganda.

Household size had a significant positive effect on the adoption intensity of selected organic-based technologies, suggesting that larger households are more likely to have a higher adoption intensity than smaller households. Household size is used as a proxy for labor availability in the household (Staal et al., 2002). The use of organic-based technologies has high labor demand; thus, larger households can supply family labor, and as a result, they can adopt organic-based technologies (Kalinda et al., 2000). Thuo et al. (2011) found out that the household's size increases the probability of adoption of technologies. Access to external labor had a significant positive influence on the adoption intensity of selected organic-based technologies. This suggested that households that hired labor were more likely to have a greater adoption rate than households who did not hire labor. We attributed this to the fact that external labor employment promotes efficient utilization of resources in the farm (Mburu et al., 2007). Farmers may employ labor to supplement the already available family labor. Additionally, use external labor signals farmers' willingness to invest in long -term strategies that replenish the soil (Udayakumara et al., 2010). Therefore, farmers will adopt and invest in greater extends, the technologies they perceive to be worthwhile with short-term income (Corbera and Brown, 2010).

Education is broadly defined as the process of learning and is often used as a proxy of human capital (Asfaw and Admassie, 2004). For example, Udayakumara et al. (2010) suggested that education creates awareness of soil conversation technologies. Additionally, farmers with high education levels are more likely to apply new technologies in an efficient way (Asfaw and Admassie, 2004). We found a significant positive relationship between the household head's education level and the intensity of adoption of organic-based technologies (Tables 7, 8). Household heads who had attained a higher level of education were more likely to have a higher adopt intensity than the household heads who had a lower level of education. This underpins that education indicates the capacity to make adoption decisions. The household training coefficient was positive and significant in influencing the extent of the adoption of selected organic-based technologies. This result suggested that household heads trained on organic-based technologies were more likely to adopt organic-based technologies to a greater extent than the non-trained household heads. Training is a critical component in instilling skills of low soil fertility correction (Asfaw and Admassie, 2004). A study conducted in the Central Highlands of Kenya by Macharia et al. (2014) reported farmers who had higher levels of knowledge were more likely to adopt organic ways of replenishing soils than household heads who had a moderate or low level of knowledge.

Agricultural group membership positively influenced the adoption intensity of selected organic-based technologies (Tables 7, 8). This meant that household heads that were members of an agricultural group were more likely to have a higher adoption intensity. Participation in a group is a proxy of knowledge acquisition (Macharia et al., 2014). Further, farmers in an agricultural group have higher bargaining power in purchasing inputs such as mineral fertilizer that are unaffordable to individual farmers (Macharia et al., 2014). The positive effect of group membership on the extent of adoption may be further explained by the incentives provided to farmers when buying inputs such as inorganic fertilizers. Hence, they are more likely to adopt a combination of manure and fertilizer compared to the household heads that are not in agricultural groups. This is no similar incentive to farmers who are not members of an agricultural group (Njuki et al., 2008).

As anticipated, the coefficient of land under cultivation had a significant positive influence on the adoption intensity of selected organic-based technologies (Tables 7, 8). This finding implied that as the land under cultivation increases, households are more likely to put larger pieces of land under the selected organic-based technologies than households with smaller pieces of land under cultivation. The land is a proxy of many factors in agriculture, such as production factor, capacity to carry risk, size of wealth, and collateral in access to credit (Enki et al., 2001). The income obtained from the framing activity helps hire labor to apply organic-based technologies (Enki et al., 2001). This finding agrees with what Danso-Abbeam et al. (2017) reported. According to Nigussie et al. (2017), land under cultivation is a measure of available economic resources and the willingness to adopt new technology.

Land title deed ownership had a positive and significant influence on the adoption intensity, meaning that households with title deed were more likely to have a higher adoption intensity than households who did not possess a title deed (Tables 7, 8). Title deed is an imperative proxy of security and land rights identified as a key component that encourages long term investments on the soil (Adimassu et al., 2013). Therefore, farmers who have a secure tenure system will have an incentive to invest in long term soil replenishment strategies such as organic-based technologies (Adimassu et al., 2016).

Access to credit had a positive influence on the adoption intensity of selected organic-based technologies (Tables 7, 8). This finding is ascribed to the fact that access to credit enhances the households' purchasing power (Waithaka et al., 2007). Households with a higher purchasing power can purchase inputs such as tree seedlings, inorganic fertilizer, and manure. Also, high purchasing power empowers households to use animal feed for livestock and instead utilize Maize stalk for soil correction. TLU had a positive and significant effect on the extent of adopting the selected organic-based technologies (Tables 7, 8). This suggested that households that owned a higher TLU were more likely to adopt selected organic-based technologies to a greater extent compared to households that had a lower TLU. This finding is explained by the fact that cattle are an important source of animal manure. Therefore, it is expected that as the number of cattle per household increases, then the adoption intensity of cattle manure and other organic-based technologies are likely to increase. However, the challenge attributed to TLU is the insufficiency of manure in the Central Highlands of Kenya that was reported by Mugwe et al. (2009).




CONCLUSION

The study determined the specific organic-based technologies used by farmers and the socioeconomic factors that influenced the adoption intensity of mulching, intercropping, manure and manure plus fertilizer in the central highlands of Kenya. We found that nine organic-based techniques were used in the central highlands of Kenya. Out of the nine technologies, manure and manure combined with fertilizer were adopted by the majority of households in Murang'a and Tharaka-Nithi, respectively. On the other hand, agroforestry, compost, and residue incorporation in Murang'a and compost, residue incorporation and cover crop in Tharaka-Nithi were poorly adopted.

We also noted that manure and manure + fertilizer had the highest adoption intensity in Murang'a and Tharaka-Nithi, respectively, while agroforestry in Murang'a and cover crop in Tharaka-Nithi had the lowest adoption intensity as indicated by the land allocated to the technologies. Results also revealed that socioeconomic determinants of intensity of adoption were gender, age of the household head, level of education, household size, access to external labor, training, TLU, agriculture group membership, access to credit, land cultivated, title deed ownership and farming experience. Gender influenced positively the adoption intensity of manure + fertilizer, which implied women headed households were disadvantaged. Age of the household head had a negative effect on the adoption intensity of organic-based technologies, especially compost and crop rotation meaning that older household heads will have low adoption intensity. The education level had a significant positive relationship with the intensity of adoption. Household size had a significant positive effect on the adoption intensity of selected organic-based technologies, suggesting that larger households are more likely to have a higher adoption intensity than smaller households. Access to external labor had a significant positive influence on the adoption intensity of selected organic-based technologies. Household training was positive and significant in influencing the extent of adoption of selected organic-based technologies. Tropical Livestock Unit had a positive and significant effect on the extent of adoption. Agricultural group membership positively influenced the adoption intensity. Access to credit had a positive influence on adoption. Land under cultivation had a significant positive influence on the adoption intensity. Land title deed ownership had a positive and significant influence on the adoption intensity. Years of farming experience had a significant positive influence on the adoption intensity of organic-based technologies. These findings implies that empowering women households, training of households on the technologies, encouraging households to join agricultural groups, improved accessibility to agricultural credit, focusing on land use rights, and targeting young farmers would play a major role in promoting high adoption intensity.

Based on the smallholder farmers' adoption behavior, this study can be used to disaggregate the farming households better in order to tailor specific organic-based soil fertility technologies solutions that meet their unique needs. One group would be those households that face specific constraints, as reflected in their low adoption rates, and thus require more targeted / intensive efforts to overcome these barriers. The other group would be those households that require less focus because, when confronted with the technologies, they are more likely to adopt them easily. Hence, the smallholder farmers' adoption behavior, can enable policymakers to form a base for designing appropriate policies that encourage the adoption of organic-based soil fertility technology by smallholder farmers.
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Employed 13(8.7) 7@.7)
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No 112(74.7) 84 (56)
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No 87(58)  83(58.7)

N = 150 per County.
Values in parentheses are the percentages.
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is 10% level of significance Values in parentheses = standard errors.
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0.046 (0.040)
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N = 150; *** is 1% level of significance,
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~0.010(0.047)
~0.001 (0.002)
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0002 (0.002)
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0.005 (0.009)
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0.026 (0.056)
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~0.004 (0.002)"*
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~0.045 (0.050)
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