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Factors influencing the adoption of Sorghum and its impact on household food security in Machakos County, Kenya

Abstract
A household survey was carried out in Kalama, Mwala and Yatta Sub-counties of Machakos County Kenya to obtain data on the current situation of sorghum value chain. A total of 414 households were interviewed in the month of October 2020. Data was analysed using descriptive statistics, Logit Model to determine factors that influence adoption of sorghum (Sorghum bicolor L.) using Statistical Package for Social Scientists (SPSS) version 20 Software. The HFIAS model was used to determine the impact of adoption of Sorghum on household food security. The descriptive statistics results showed that there was low adoption of the sorghum technologies and this implies that more needs to be done in creating awareness of the improved Sorghum varieties. The Logistic model results showed three factors that significantly influence adoption of sorghum varieties by farmers. These were farm size, age of the household head and access to credit. More needs to be done to increase adoption of the new/improved sorghum varieties in Machakos County, Kenya. 
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Introduction
[bookmark: _GoBack]Agriculture is important in most African countries as agriculture is the backbone of most African economies.  Despite this, many countries in Africa experience low productivity growth; and this has mainly been associated with low adoption and use of improved technologies and innovations by end users. Understanding adoption of agricultural technologies is important if agricultural productivity is to be increased in Africa [1; 2]. In addition, smallholder farmers are vulnerable to climate change, which further affects productivity negatively in Sub-Saharan Africa [3]. Smallholder farmers are vulnerable to climate change, which further impacts productivity negatively in Sub-Saharan Africa [4]. Because of climate change, rainfall has become erratic in arid and semi-arid areas, and uncertain in high rainfall areas. Further, studies have shown that there has been significant decrease in crop yields and livestock production [5], attributed to water and heat stress. This is likely to escalate the existing food insecurity, poverty and hence negate realization of development goals. 
According to [6] and [7], climate smart practices are described as “practices adopted in farming systems under climate smart agriculture that enhances sustainable agricultural production while responding to climate change challenges”. The focus in adoption of such practices is to enhance sustainability and agricultural intensification, considered key for ensuring enhanced productivity and food security. To build resilience among small-scale farmers for increased productivity and reduced environmental degradation, adoption of climate smart practices and innovations is fundamental.  However, studies have shown that adoption levels of such farming practices are low globally despite its importance [6; 7; 8]. Researchers in Africa have developed technologies, which if adopted and used can lead to increased productivity at the farm level. However, a number of studies have reported low adoption of agricultural technologies in Africa [9].
To build resilience among small-scale farmers for increased productivity and reduced environmental degradation, adoption of climate smart practices is fundamental.  However, studies have shown that adoption levels of such farming practices are low globally despite its importance [6; 7; 8]. This may be attributed to the focus of the studies having several lapses and challenges that have not been explored [10; 11; 12]. Most studies tend to focus on the impact of climate change on agriculture and adaptation measures [13; 14; 15; 16; 17], with little attention being paid to the factors that affect the adoption of adaptation methods [18].
 A wide range of factors influences the adoption of technologies. These include household and farm characteristics such as age, level of education, and gender of head of household, asset endowment, farm size and farming experience among others. Studies have also shown that other factors such as perception of the problem, characteristics of technologies, institutions and the influence of the market can influence adoption of climate smart technologies [19; 20; 21]. These studies also indicate that assets and wealth endowment such as income, savings and access to credit, and insurance have significant influence on adoption of technologies by small-scale farmers. This is because these parameters act as a ‘safety net’ in time of crisis, enabling farmers to innovate, and take risks, which support long-term sustainable adaptation. On the other hand, adoption of some technologies require heavy capital investment, which in most cases is out of reach of the majority smallholder farmers. Therefore, farmers with higher resource endowments are more likely to adopt climate smart practices compared to the less endowed farmers [18]. Similarly, effective engagement in the market by farmers is also considered as a key factor that influences farmers’ ability to adopt technological practices because existence and engagement in markets by small-scale farmers enhances their livelihood strategies [19]. 
Whatever the origin, adoption and sustained use of technologies, innovations and management practices (TIMPs) is highly influenced by the economic returns (profitability) and social acceptability by the smallholder farmers and other value chain actors. It is important to get a critical mass of the population across counties adopting TIMPs in their priority crops for positive impact on livelihoods. The priority crops include high value traditional crops (sorghum, finger millet and cassava), and grain legumes (pigeon peas and green grams).  This paper is based on the results of the household survey on sorghum value chain in Machakos County. 
1.2 Objectives of the study
The main objective of the study was to assess the current adoption status, social acceptability and economic viability of selected TIMPs and their impact on household food security in the various value chains across specific counties.
The specific objective of this paper was to determine the factors influencing the adoption of sorghum and the impact on household food security in Machakos County.

2.0 Methodology 
2.1 Study Sites
 The study was carried out in Machakos County. Machakos County was purposively selected as it was part of the KCSAP counties covered in the KCSAP Project. The county has an area of 6208.2 Km² most of which is semi-arid. The county has eight Sub counties/ constituencies namely; Masinga, Yatta, Kangundo, Matungulu, Kathiani, Mavoko, Machakos Town/ Kalama and Mwala. The county has a total of 40 Wards and 69 Locations. It lies between latitudes 0º45´South and 1º31´South and longitudes 36º45´East and 37º45´East. Kalama, Mwala, and Yatta Sub-counties were selected for the study (these are shown in figure 1). The three sub-counties fall within agro-ecological zones UM2-UM4 and LM2-LM5 [22]. Rainfall is bimodal with short rains from October to December and long rains from March to May. Rainfall varies between 500-750mm per annum. The soils are mainly sandy loam with marram.
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Figure 1: Map of Machakos County showing the study sites

2.2 Sampling Frame and Sample Size Determination
2.2.1 Sample Size Determination
A multistage sampling procedure was used to get the sample. First, Machakos County was purposively selected because it was one of the KCSAP Counties and the TIMPs of interest were found here. Then three sub-counties were also purposively selected with the help of the county agricultural officers. And from each sub-county one ward was selected from which two locations were randomly selected. From each location a sub-location was randomly selected and from each sub-location 6 villages were randomly selected for the survey as shown in table 1. A formula taking into account the population of the sub-county was applied to get a minimum sample of 384 households but the actual sample was 414 households. 
[bookmark: _Toc112614772]Table 1: Sampled households in Kalama, Mwala and Yatta Sub-counties
	Sub-county
	Ward
	Location
	Sub-location
	Number of households sampled

	Kalama
	Kalama
	Kyangala
	Kakayuni
	65

	
	
	Kimutwa
	Kimutwa
	80

	Mwala
	Muthetheni
	Miu
	Utithini
	63

	
	
	Muthetheni
	Nthaani
	69

	Yatta
	Katangi
	Katangi
	Mekilingi
	73

	
	
	Kyua
	Syokisinga
	64

	Total
	414


Source: survey data 2020

2.2.2 Data Sources and Collection
Both secondary and primary data were used in the study. Data was collected using a structured questionnaire mounted on ODK. Data was collected in the months of September, October and November 2020. Data was collected by trained enumerators using smart phones and were supervised by the research team.
2.3	Analytical methods
Theoretical methods: Data was analysed using Descriptive statistics, Logit model and HFIAS for analysing impact of adoption on household food security.
2.3.1 Descriptive Statistics 
Descriptive statistics was generated using SPSS version 20. Data was analyzed to generate means and frequencies, which gave the description of households in the study sites.
2.3.2 Logistic Regression Model
The Logistic regression model was used to determine the factors that influence adoption of the selected TIMPS (Green Gram, Pigeon Pea and Sorghum).  A number of studies have investigated various socio-economic, cultural and political factors that influence the farmers’ decision to adopt new technologies [23]. In this study, the Logit model was used to analyze factors that influence farmer’s choice to adopt Green Gram, Pigeon Pea and Sorghum technologies in Machakos County in Kenya. This paper is concerned with the adoption of sorghum and its impact on food security in the study sites of Machakos County
The Logistic equation is given as in [24],
Pr (Y=1) = e^β'X/(1+e^β'X )                                        (1)
With the cumulative distribution function given by 
F (βʹ X) = = 1/(1+e^(β^' X) )                                         (2)
Where; βʹ represents the vector of parameters associated with X
Definition of variables in the empirical model
The variables in the empirical model were as follows:

Dependent variable
The dependent variable was a dummy variable which took a value of 1 if a household adopted sorghum, zero otherwise.

 Independent Variables
The independent variables consisted of nine variables: household size (HHSIZE), gender of household head (GHHD), age of the household head (HHAGE), farm size (FARMSIZE), education level of household head HHDEDU) which was indicated by the number of years the household head had spent in school. Other variables included  household labour, access to credit (ACRDT), Income of the household (IHH), Distance to market (DMK), Distance to nearest all weather road (DNAR) recorded in Km,  HHI  which was recorded as total income of the household, Household source of income (a dummy variable representing whether income was from on-farm or off-farm sources), and Membership of Household head to community groups (MHHCG) a proxy for social capital which has been touted as being critical in the adoption of new/improved technologies. 
Assuming the probability that farmer will choose to use any of the technologies is equal to the proportion of smallholder farmers using the climate smart technology (sorghum), the empirical model was estimated using the maximum likelihood method using Stata version 12  

2.3.3. Impact Assessment Model (HFIAS Model).
The Household Food Insecurity Access Scale (HFIAS) tool was used to determine the impact of adoption of sorghum on household food security. Originally developed to monitor food insecurity in the United States [25], the HFIAS tool has been further refined for developing countries contexts. It was validated in Bangladesh [26], Tanzania [27] and Burkina Faso [28].  HFIAS is relatively easy and less cost-intensive to implement than most other measurement approaches since it captures the household’s own perception of food insecurity. 

3.0 Results and discussion
3.1 Household characteristics of the study sites
On gender disaggregation analysis of the households interviewed, 23.9% were female headed and 76.1% were male headed. The total sample size of 414 HHs who were interviewed were assumed to be participating in farm work. The total population of interviewed households was 1390 persons (714 males and 676 females).  This implies that each HH had an average of three persons who were deemed able to carry out farm work.
Descriptive statistics showed that 18.4% of the HH heads had no formal education, 52.8% had primary level education, 21.2% had secondary level education, while 7.6% had tertiary level of education.  This implies that the transition rate from primary to secondary schools was low and hence likely to affect technology uptake by farmers.
The mean age of the household heads was 53.17 with minimum of 21 years and maximum of 97 years. The frequencies show that approximately 10.8 % were youth headed households which were aged between 21 years and 35 years, and the majority of the household heads fell in the age category 36-65 making a total of 70.4 % and the remaining 18.2% were aged 66 years to 97 years of age. Approximately 54.3 % of the households reported on-farm activities to be their main source of income and 45.7% reported off-farm activities being their main source of income. 
Approximately 50.5% of the male headed households obtained income from on-farm activities and 49.5% from off-farm activities. In female headed households, 29.8 % obtained income from on-farm while 70.2 % obtained income from off-farm activities as shown in table 2.  
Table 2: Household characteristics of Kalama, Mwala and Yatta, Machakos County
	Household characteristics
	Kalama
	Mwala
	Yatta
	All

	
	Female
	Male
	Female
	Male
	Female 
	Male
	Female
	Male

	                                                              Land

	Mean land size (Acres)
	2.05
	2.40
	2.58
	3.19
	3.18
	3.81
	2.62
	3.10

	Mean land size under sorghum (Acres)
	0.03
	0.01
	0.02
	0.03
	0.09
	0.17
	0.05
	0.10

	                                                         Demographics

	Household gender (%)
	21.2
	78.8
	25
	75
	25.4
	74.6
	23.8
	76.2

	Sample by respondents gender (%)
	45.2
	54.8
	45.2
	54.8
	70.7
	29.3
	58.3
	41.7

	Mean household age (years)
	57.2
	51.4
	53.8
	60.5
	53.2
	50.8
	56.9
	52.0

	                                                         Main Income source

	On-farm (%)
	41.9
	58.3
	30.3
	50.5
	17.1
	42.6
	29.8
	50.5

	Off-farm (%)
	58.1
	41.7
	69.7
	49.5
	82.9
	57.4
	70.2
	49.5

	                                                          Education level

	None
	16.1
	13.0
	30.3
	25.3
	22.9
	16.8
	23.1
	18.4

	Primary
	35.5
	56.5
	42.4
	51.5
	45.7
	50.5
	41.2
	52.8

	Secondary
	38.7
	21.7
	21.2
	17.2
	25.7
	24.8
	28.5
	21.2

	Tertiary
	9.7
	8.7
	6.1
	6.1
	5.7
	7.9
	7.2
	7.6

	Total
	100
	100
	100
	100
	100
	100
	100
	100


Source: survey data 2020
Adoption of sorghum in the study sites
The adoption of sorghum was low in the study sites. Approximately 16% of households were growing sorghum in the period 2017, 2018 and 2019. This result can be corroborated by the low land sizes allocated to sorghum production. In the sub-counties, female headed households approximately 0.05 Acres out of the total of 2.62 Acres was allocated to sorghum while in male-headed households 0.10 Acres out of a total of 3.1 Acres were allocated to sorghum production. 
Main varieties of sorghum grown in the study sites 
From the results, more of the local varieties were being produced in Mwala (63.3%) and Yatta (73.1%) compared to Kalama (16.7%). Improved varieties were mostly grown in Kalama sub-county (83.3%). Results also indicate that farmers in Yatta Sub-county grew local and improved varieties in small proportions (3.8%).  Farmers in the areas of study grew either local, improved varieties or both as shown in table 3.


Table 3: Main varieties of sorghum grown in the study sites
	Sorghum type
	Kalama
	Mwala
	Yatta
	Pooled

	Local
	16.7
	63.3
	73.1
	51.0

	Improved variety
	83.3
	36.7
	23.1
	47.7

	Both local and improved varieties
	0
	0
	3.8
	1.3

	Total
	100
	100
	100
	100


Source: Survey data 2020
The improved varieties grown across the three Sub-counties included Gadam, KARI Mtama-1 and other varieties that were not specified s as shown in table 4
[bookmark: _Toc112614788]Table 4: Main improved sorghum varieties
	Improved variety type
	Kalama
	Mwala
	Yatta

	Gadam
	40
	27.3
	57.1

	Serena
	30
	0
	0

	KARI-mtama 1
	10
	9.1
	14.3

	Kaguru
	10
	0
	0

	Others (but improved)
	10
	63.6
	28.6


Source: survey data 2020
3.1.1 Farmers Perception on Social Acceptability of sorghum Varieties
The study further found that the improved sorghum varieties were most preferred. In Kalama sub-county, all respondents reported of not having any preferred variety in particular but rated Gadam and Serena varieties as the most grown. In Mwala sub-county, most households (36.4%) did not know the name of the improved variety. Majority of the households in Mwala and Yatta sub-counties reportedly prefer the Gadam variety (45.5%) and (42.9%) respectively as summarized in Table 5.
[bookmark: _Toc112614789]
Table 5: Preferred improved sorghum varieties
	Preferred improved variety
	Kalama (%)
	Mwala (%)
	Yatta (%)

	Gadam
	30
	45.5
	42.9

	KARI mtama 1
	20
	18.2
	14.3

	Serena
	30
	0.0
	0.0

	Mugeta
	10
	0.0
	0.0

	Others 
	10
	36.4
	42.8

	Total
	100
	100
	100


Source: survey data 2020
[bookmark: _Toc114139256]3.1.2 Reasons for Variety Preference
The preferred characteristics in a variety across the three Sub-Counties were high yielding, pests and disease resistance, market preference, early maturity and good tillering as shown in table 6. In Kalama (80%) and Mwala (36.4%) sub-counties, high yielding was rated highest while others (57%) were rated highest in Yatta sub-county. Most respondents reported others as good taste. The preferred characteristics by a big proportion of farmers in Yatta Sub-County were sweetness hence palatable as chicken feed (50%) and cattle/chicken feed (25%). However, a small proportion (25%) indicated that they had no specific reasons why they preferred some varieties.
[bookmark: _Toc112614790]Table 6: Reasons for varietal preference
	Preferred characteristics
	Kalama (%)
	Mwala (%)
	Yatta (%)

	High yielding
	80.0
	36.4
	14.3

	Pest Resistance
	10.0
	27.3
	28.6

	Other
	0.0
	0.0
	57.1

	Market preference
	0.0
	18.2
	0.0

	Good tillering ability
	0.0
	9.1
	0.0

	Good grain colour
	10.0
	0.0
	0.0

	Early maturity
	0.0
	9.1
	0.0

	Total
	100.0
	100.0
	100.0


Source: survey data 2020
3.2 Factors influencing adoption of sorghum-logit model results 
The results from the Logit Model indicate that all identified variables together contribute to determine the adoption of sorghum technologies as the Model Chi2 is significant at 1% (table 7).  The farm size variable was statistically significant at 1% which implies that the farm size (agricultural land for farming owned by the farmer influenced farmers’ choice to adopt or not to adopt Sorghum technologies. This variable had a positive influence on the adoption of the Sorghum technologies.
The age of the household head had a positive influence on the adoption of Sorghum technologies and was significant at 5% significance level. This result is plausible for sorghum as older farmers would tend to adopt improved varieties of Sorghum as they had experience growing Sorghum in the past. This result concurs with the study by IFAD carried out by [2], which examined the various determinants of adoption of agricultural technologies using a meta-analysis approach. 
Access to credit was significant at 10% significance level and positively influenced the adoption of Sorghum technologies in Machakos county. A study by [29] showed that access to credit was important and positively influenced adoption agricultural technologies in Zanzibar. When farmers access credit, they are able to access funds that they can use to assist them buy inputs and undertake agricultural activities. This will increase agricultural production as well as reduce poverty at the household level especially if the resources are used on farm activities. 
The remaining variables; gender of household head, Education level, household labour and household head membership to a community group were not statistically significant. 
[bookmark: _Toc112614814]Table 7: Factors that influence the choice of Sorghum technologies in Machakos County Kenya- Logit analysis results
	Variable
	Coefficient
	Std error
	z
	p>│z │

	Farm size (Ha)
	0.991
	0.0385
	2.58
	0.010***

	Gender of household head (male=1, 0 otherwise)
	0.419
	0.385
	1.09
	0.277

	Household head age (number of years)
	0.225
	0.011
	2.00
	0.046**

	Education level (number of years spent in school)
	0.095
	0.0364
	0.26
	0.794

	Household labour (number of people in the household who can work on the farm )
	0.536
	0.605
	0.89
	0.376

	HH Membership to Community Group
	0.490
	0.338
	1.45
	0.146

	Access to credit
	0.523
	0.294
	1.78
	0.076*

	Distance to  market 
	-0.001
	0.020
	-0.06
	0.952

	Distance to the nearest all weather road
	-0.064
	0.609
	-1.06
	0.291

	Main source of income
	-0.412
	0.307
	-1.34
	0.179

	Total Household income
	-7100
	1.060
	-0.67
	0.503

	Constant

	-3.723
	0.828
	-4.50
	0.001***

	Source: Survey results, 2020

Number of observation = 414
LR chi2 (11) =27.12
Prob > chi2 = 0.0044
Pseudo R2  = 0.0740


* 10 % significance level, ** 5% significance level and *** 1% significance level


3.3 Impact of adoption of sorghum –HFIAS Model results 
Households were categorized into quartiles using the food insecurity indices. This resulted into food-secure, mildly food-insecure, moderately food-insecure, and severely food-insecure households. Comparisons were made based on whether a household had adopted improved production technologies for each of the three value chains or not.

The proportion of severely food insecure households among adopters of improved sorghum production technologies was nil indicating that improved sorghum production reduced severe food insecurity. Though the variation was marginal, the proportion of food secure households were more among adopters as compared to non-adopters of improved sorghum production technologies (Figure 2).

Figure 2: Proportion of food-insecure households by adopter status for sorghum in Machakos County
Source: Survey data 2020

4. Conclusions and implications
The paper used household level data to examine the levels of adoption and factors that influence adoption of sorghum and its impact on household food security in Machakos County. The study aimed at revealing factors that influence adoption of and how the adoption of sorghum technologies, innovations and management practices affected household food security. These results add to the body of knowledge, which will help research scientists, policy makers and other stakeholders in the sorghum value chain to take into consideration the revealed factors to improve the adoption of sorghum by smallholder farmers, which will result in increased productivity in the sorghum value chain.
Our results from the descriptive statistics indicated that farmers had adopted some of the improved/new sorghum varieties but it varied in different sites.  The adoption of new or improved sorghum varieties was about 16 % in Machakos County and this was quite low. More efforts needed to create awareness and capacity building farmers on the production sorghum.
The Logit Model results were efficient in explaining the adoption of sorghum technologies by smallholder farmers. These results were further confirmed by results from other developing countries such as Zanzibar, Zimbabwe, Mali, Ethiopia and Tanzania. The study concluded that farm size, household head age and access to credit were significant in the adoption of sorghum in the study sites. Making credit to be accessible to farmers is necessary to assist farmers if production of sorghum, which is a climate smart crop, is to be increased. Therefore, the factors that are significant in the adoption of sorghum need to be emphasized and more information on the availability of the improved varieties be availed to smallholder farmers in the study area. 
The adoption of improved sorghum had a positive impact in reducing household food insecurity as households that had adopted had no cases of severe food insecurity compared to those that had not adopted improved /new sorghum varieties.

5. Limitations of the study
The study used cross-sectional data that was collected in 2020 and also the data was specific to Machakos County conditions, therefore caution should be applied if the results of this study are to be applied in other parts of the world which do not have similar agro-ecological and socioeconomic conditions as in Machakos County, Kenya.
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