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ABSTRACT 

Agriculture is a dominant sector of the Ethiopian economy and a lion share contributor to the 

gross domestic product, employment and foreign exchange earnings. The improvement of this 

sector promotes the livelihood of the vast population which mainly depends on farming. 

Extensive adoption of improved agricultural technologies such as improved seed varieties (in 

this case sorghum) plays vital role in reversing the present situation of prolonged food 

insecurity in many parts of Ethiopia. The main objective of this study was to identify factors 

that determine adoption of improved sorghum varieties and to identify the determinants of 

farmers’ choice of different sorghum varieties. The study used a primary data collected from 

204 randomly selected sorghum producing farmers through structured interview schedule 

from four randomly selected Kebeles in Gondar Zuria District. Moreover, secondary data from 

regular statistical reports such as CSA, and other published and unpublished sources were 

reviewed. The data was analyzed through descriptive statistics and logit and multinomial 

probit econometric models. In the logit model, five variables were found to significantly affect 

adoption of improved sorghum varieties. These are credit (+), extension contact (+), off-farm 

income (+), farm size (+) and proportion of sorghum area (-). Thus what is needed from any 

development agents is that they should have to establish a credit scheme to support the farmers 

so that they can acquire improved sorghum variety and other inputs to boost production and 

productivity. Moreover extension contact between farmers and extension agents should be 

further strengthened, encourage farmers to participate in different extension programs 

regarding sorghum production improvement. Results of multinomial probit model revealed 

that age, credit, proportion of sorghum area, extension contact, farm size, off-farm income, 

irrigated land, and shortage of labor were variables that significantly explain the choice of 

sorghum varieties. Accordingly development and distribution of different sorghum varieties 

should be based up on the diverse socioeconomic and institutional characteristics that resides 

in the farming communities.   

Key words: Adoption, Logit, Multinomial probit, improved sorghum variety, 
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1. INTRODUCTION 

1.1. Background 

Agriculture is a dominant sector of Ethiopian economy which makes a lion share contribution 

to the Gross Domestic Product, employment and foreign exchange earnings (CSA, 2016). It 

contributes 42% of the total GDP (CSA, 2010). According to (MoFED, 2013), more than 77% 

of the population was employed in this sector and was the source of over 85 % of export 

revenues. It is also the source of raw materials for more than 70% of the country’s industries. 

Within the sector, 60% of the agricultural GDP comes from crop production, whereas, 30% 

and 7% are generated from livestock and forestry sectors respectively (World Bank, 2007). 

Therefore, it is clear that countries like Ethiopia, which are comparatively endowed with 

unskilled labor and arable land, would find it relatively easier to follow an agricultural 

development path. According to (World Bank, 2008), escaping poverty traps in many 

developing countries such as Ethiopia depends on the growth and development of the 

agricultural sector. 

The sound performance of agriculture permits the availability of food crops. This 

accomplishment in agriculture does not only signify the adequate acquisition of food crops to 

attain food security, but also announces a positive aspect of the economy. In regard to this, 

collective efforts are being geared to securing agricultural outputs of the desired level so that 

self-reliance in food supply can be achieved and disaster caused food shortages be contained 

in the shortest possible time in Ethiopia (CSA, 2016/17).                                                 

Cereals are the major food crops in Ethiopia and cover 82% of the total land area covered by 

grain crops (cereals, pulses and oil seeds) and contributes 87% of the total grain production. 

Cereal production and marketing represent the single largest sub-sector in the Ethiopian 

economy, which accounts for roughly 60% of rural employment (Rashid, 2010). Sorghum is 

the world’s fourth major cereal in terms of production. In recent years, annual world production 

of sorghum averaged at about 60 million tons with only a slight net declining trend 

(FAOSTAT, 2013). The crop is mainly produced in Africa, Asia and the Americans. With an 

average annual volume contribution of 24.5 million tons, Africa has emerged as the leading 

sorghum producer in the year between 2006 and 2012. Moreover higher number of hectares of 
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sorghum is cultivated in Africa than in any other continents. However the yield per unit area 

for Africa was significantly lower than yields in both the Americans and Asia. 

Sorghum in Ethiopia is the third most important crop after teff and maize in terms of sown area 

and it is the second in total production next to maize.  Currently sorghum is produced by 5 

million holders and its production is estimated to be 4 million metric tons from nearly 2 million 

hectares of land giving the national average grain yield of around 2 tons per hectare (CSA, 

2012) which is far below the global average of 3.2 tons/ha (FAO, 2005). This is because of a 

number of factors. Several production constraints were identified as in hindrance for sorghum 

production and productivity enhancement. The major constraints include drought, striga, insect 

pest (stalk borer, midge, and shoot fly), diseases (anthracnose and smut), soil fertility decline, 

inadequate adoption of existing improved varieties, lack of high yielding and good quality 

sorghum varieties, and post-harvest management practices. Sorghum covers 16% of the total 

area allocated to grains (cereals, pulses and oil crops) and 20% of the area covered by cereals 

(CSA, 2012). Sorghum is cultivated in all regions of Ethiopia between 400m and 2500m 

altitude. The Oromia, Amhara and Tigray regions are the three major producers of sorghum 

covering 86% of the total area and 89% of the total production in the last 9 years. Sorghum 

took a share of 34% of the area covered by cereals in commercial farms in 2010/2011; 14% of 

the area covered by grain crops; and 10% of the land that was covered by all kinds of crops 

produced by commercial farms.  

In Ethiopia sorghum provides more than one third of the cereal diet and is almost entirely 

grown by subsistence farmers to meet needs for food, income, feed and brewing purposes 

(McGuire, 2005).  Sorghum grain is mostly used for local markets and most of the sorghum 

produced in Ethiopia is consumed at household levels. It is the second most important crop 

for injera quality next to teff. The grain is also used for the preparation of other traditional 

foods and beverages like tella.1 It is also used in boiled and roasted forms. Other countries 

experience showed that it can also be used as raw material for industry and can be processed 

into malted foods, beverages and beer (Palmer, 1992). 

 

                                                           
1 Tella is a traditional unfiltered beer from Ethiopia brewed from various grains. 
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However the productivity of sorghum in developing countries like Ethiopia (1302 kg/ha) 

according to CSA (2005) is low due to biophysical, socio-economic and policy related factors 

affecting directly and indirectly sorghum production. One reason could be the low level of 

sorghum research investment in human, financial and material resources development and low 

input production system.  

1.2 Statement of the Problem 

Even though that the agricultural sector has received substantial attention in the country’s 

development strategies since 1970s, when the Third Five-year Development Plan (1968-1973) 

was launched, Ethiopia is still a food deficit country (Mulugeta, 2002). Unparalleled 

population pressure has contributed to the decreasing plot size. Consequently, farmers 

produce crops and rear animals in small and fragmented land holdings. Approximately 55 

percent of all smallholder farmers operate on one hectare or less (MoFED, 2010). The sector 

has also long suffered from repeated drought and output fluctuations. On average, some 5 

million people are chronically food insecure even in years of good weather (FAO, 2011). 

 A combination of many factors including weakly functioning of agricultural markets, low 

purchasing power of the consumers, overall low level of technical knowledge of the 

producers, and a high illiteracy rate of the rural communities have hindered the much expected 

technical change and farm productivity  (Birhanu, 2006). The inability of producing enough 

food has in turn its own backward impact on the ill performance of the agricultural sector 

through weak productivity of agricultural labor. To minimize this phenomenon of low food 

availability in the country, production of food crops should be raised. This would not only 

increase reliance and security in one’s own production, but it would also have a 

comprehensive effect on the wider economy of the country.   

According to the information from the District Agricultural and Rural Development Office 

(2018), North Gondar similar to many parts of Ethiopia, is mainly characterized by rugged 

topography but with potential farm land, favorable environmental condition and availability 

of improved technologies.  In the study area, major agricultural technologies like high yielding 

sorghum varieties have been disseminated to farmers that were developed, tested and released 

by the Ethiopian Agricultural Research Organization (EARO) and the Ethiopian National 

Seed Industry Agency.  
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To this end, improvement and diffusion of sorghum varieties have an invaluable role in 

reversing the present situation of chronic food insecurity in the study area. However, the 

adoption of improved sorghum technologies is low until recently and factors responsible for 

the low adoption of sorghum technologies generated are not well investigated and documented 

so far  particularly in the study area. Therefore, this study might provide somehow a bit 

information on improved sorghum technology adoption by smallholder farmers in Gondar 

Zuria Woreda.  

Furthermore, previous studies such as Sinafiksh (2008) and Ermias (2013) focused on the 

varietal preference of sorghum attributes/traits involving only improved varieties. However 

in this study the choice set includes both improved and local varieties of sorghum so that 

determinants affecting the preference of different sorghum varieties would be identified. 

1.3. Objectives of the Study 

The overall objective of this study is to evaluate the factors influencing adoption of improved 

sorghum varieties and preferences of improved and local sorghum varieties & the combination 

of the two. 

The specific objectives of this study are: 

1. To identify determinants of the adoption of improved sorghum varieties.    

2. To identify factors affecting farmers’ choice of different sorghum varieties. 

1.4. Research Questions  

a. What are the factors that influence adoption of improved sorghum varieties in the study 

area? 

b. What factors determine the choice of different sorghum varieties in the study area? 

1.5. Significance of the Study 

In this study it is recognized that adoption of improved sorghum varieties is conditioned on 

demographic, socioeconomic and institutional factors. Therefore, the study permitted us to 

identify important factors which hinder success in the adoption of improved sorghum 
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varieties. Identification of the determinants of improved sorghum varieties are important for 

farmers, policy makers and researchers to get enough information on the adoption of improved 

sorghum varieties, which in turn would help them to suitably modify the strategies. It might 

also help researchers as an input for their further studies. Generally, the government, 

individuals and most importantly the farmers who involved in sorghum production would get 

information on the determinants of adoption of improved technology. Furthermore the study 

allowed us to identify determinants of farmers’ choice of different sorghum varieties.  

1.6. Scope and Limitation of the Study 

The study was conducted with the objective of assessing the factors determining adoption of 

improved sorghum varieties and factors influencing the choice of different sorghum varieties 

by taking the sample from one woreda. More importantly the data is collected from a few 

kebeles of the selected district. This is mainly because of limited availability of resources and 

time to undertake the study on a wider scale.  However samples from a single district may not 

represent the adoption of improved sorghum varieties of the country. Moreover, the study 

utilized cross sectional data of one cropping season only. Farmers as a decision maker in their 

production of sorghum may have learned about new production inputs such as sorghum 

varieties over periods of time. Therefore the data collected during a single production season 

lacks perfection due to the fact that the respondents (in this case farmers) doesn’t have a full 

memory of the problems encountered during production. Therefore, the nature of the data 

(cross-sectional data) would not empower us to understand and capture various vitalities of the 

subject as expected.  

1.7. Operational Definition 

Smallholder farmers: The definition of smallholder farmers differs between countries and 

between agro-ecological zones. In favorable areas with high population densities they often 

cultivate less than one hectare of land, whereas they may cultivate 10 hectares or more in semi-

arid areas. According to Food and Agriculture Organization of the United Nations (FAO, 

2015), the average smallholders’ farm size in Ethiopia is about 0.9 hectares. 
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2. LITERATURE REVIEW 

2.1. Origin and Distribution of Sorghum 

The origin of sorghum is not clearly known and there is no agreement among the different 

authors with regard to its origin. There is an assumption that the domestication has occurred 

3000-5000 years ago (Laidlaw & Godwin, 2008). 

According to Smith and Frederickson (2000) there is also anthropological evidence that 

hunter-gatherers consumed the crop during the early 8000 BC. The primary centers of origin 

and diversity for sorghum are believed to be in sub-Sahara Africa extending from the extreme 

East to West Africa (Laidlaw & Godwin, 2008).  

However, at present day, the most accepted probable place seems to be the area extending 

from Ethiopia to Lake Chad (Aldrich et al., 1992). Members of the wild S. bicolor ssp. 

verticilliflorum are reported to be the immediate progenitors of the domesticated sorghum and 

are dry Savanna plants that were most probably domesticated west of the Ethiopian highlands 

(De Wet, 1978). Likewise, survey results of Amsalu Ayana et al. (2001) and Tesfaye Tesso 

et al. (2008) indicated that wild S. bicolor ssp. verticilliflorum found in five districts of 

western, eastern, northern, north western and south western Ethiopia.  

2.2. Overview of Sorghum Production  

Globally, sorghum (Sorghum bicolor (L.) Moench) is the fifth most important cereal crop after 

maize, rice, wheat and barley (FAOSTAT, 2013). It is a major food security crop in sub-

Saharan Africa supporting some 300 million people. It is grown in drought-prone and marginal 

areas in semi-arid zones where other crops cannot grow reliably. 

In the year 2005, sorghum was grown worldwide on 43,727,353 hectare with an output of 

58,884,425 metric tons. The productivity of sorghum varies across the different parts of the 

world. The world average yield being 1314 kilogram/hectare, and yield of developed countries 

is 3056 kilogram/hectare and that of developing countries is 1127 kilogram/hectare. Despite 

the low productivity in the developing countries, they accounted 90% of the area and 77% of 

the total output produced (FAO, 2005).  
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The United States of America is the leading sorghum producer accounting for about 15% of 

the world total annual production. Nigeria and India follow in 2nd and 3rd position contributing 

about 13% and 12% of the world annual production, respectively. Over 77% of the total annual 

world sorghum production is produced by ten countries, with the United States, Nigeria, India 

and Mexico together contributing about 50%. Ethiopia contributes almost 5% of total world 

production (Demissew & Tesfaye, 2014). 

In sub-Saharan Africa, over 100 million people depend on sorghum as staple (Serna-Saldivar 

& Rooney, 1995). It is well adapted to a wide range of precipitation and temperature levels 

and is produced from sea level to above 2000 meter above sea level. Due to its drought 

tolerance, this crop is grown in eastern Africa where agricultural and environmental 

conditions are unfavorable for the production of other crops.  

In Ethiopia, sorghum is a major staple food crop, ranking second after maize in total 

production. It ranks third after wheat and maize in productivity per hectare, and after teff and 

maize in area cultivated. It is grown in almost all regions, covering a total land area of 1.8 

million ha (CSA, 2015). 

It is one of the major staple crops grown in the poorest and most food insecure regions of the 

country. The crop is typically produced under adverse conditions such as low input use and 

marginal lands. Its drought tolerance and adaptation attributes have made it the favorite crop 

in drier and marginal areas. Ethiopia is often regarded as the center of domestication of 

sorghum because of the greatest genetic diversity in the country for both cultivated and wild 

forms.  

With an annual production of approximately 4 million tons (2010), sorghum is the second 

most important cereal produced in Ethiopia, accounting for 19 percent of the total cereal 

produced in the country and covering some about 20 percent of the total area under cereals. 

Sorghum production has significantly increased in recent years, from 1.7 million tons in 

2004/05 to nearly 4.0 million in 2010/11. Ethiopia is also the second largest producer of 

sorghum in Eastern and Southern Africa after Sudan. 

 The large improvement in sorghum production is driven by both land expansion and yield 

improvement:  yield increased from an average of 1.4 tone/ha in 2004/05 to an average of 2.1 
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tone/ha in 2010/11, increasing by 50 percent, while area under sorghum production increased 

by 51 percent (from 1.2 million ha in 2004/05 to 1.9 million ha in 2011).  

Table 1: Sorghum area, production and yield by Regions (2016/17) 

                             Number of                Area in                        Production in                  Yield 

                             Holders                Hectares                      Quintals                           (Q/Ha) 

                              

Oromia              3,194,046.00          739,781.80                   19,166,012.28                25.91   

Amhara             1,398,827.00           670,114.31                   16,402,994.23               24.48                               

Tigray                516,705.00             253,757.11                     7,120,054.32                28.06                        

 S.N.N.P.           598,457.00              97,489.29                       2,168,942.03                22.25 

 Somali                74,435.00              40,388.03                          806,740.97                19.97     

Benshangul        123,990.00              58,377.90                       1,421,725.07                24.35 

Gambela              16,221.00                2,846.94                            61,686.95                 21.67 

Source: CSA (2016/17) 

2.2.1. Woreda level sorghum production 

 High-producing sorghum woredas tend to be located in the northern and northeastern parts 

of Tigray, Amhara, and Oromia. The two primary clusters are in the northern parts of Amhara 

and Tigray and the northeastern parts of Amhara and Oromia.  Several top 100 producing 

woredas are located westward in Oromia.  Of the top 25, 13 are located in Amhara, seven are 

in Tigray and five in Oromia. According to International Food Policy Research Institute 

(IFPRI, 2015), Gondar Zuria woreda stands 13th regionally and 22nd nationally in terms of 

sorghum production potential.  

 2.3. Consumption/Utilization 

Sorghum accounts for an average 10 percent of daily caloric intake of households living in the 

eastern and northwest areas of the country (USDA, 2012). About three-quarters of the sorghum 

grain in Ethiopia is used for making injera (the traditional bread, made from teff in more 

productive areas of the country). Another 20 percent is used for feed and for local beer 

production, with the remainder held for seed. The entire plant is utilized, with sorghum stalks 
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used for cooking (as firewood) and construction of houses while leaves are used as animal 

fodder.   

As a close substitute of teff, consumption of sorghum declines when teff prices decline and 

vice versa. Consumption of sorghum has increased in areas affected by adverse climate 

conditions which favor the production of sorghum (as drought tolerant crop) instead of other 

cereals. Moreover, because of the high prices of teff in recent years, even middle class 

households increased sorghum consumption, mixing sorghum with teff to make injera (USDA, 

2012).  

2.4. Sorghum Research in Ethiopia 

Breeding efforts have been directed towards developing high yielding, photo period 

insensitivity, abiotic and biotic stress resistant cultivars for adaptation to diverse agro climatic 

conditions. The discovery of dwarfing genes in sorghum has led to the development of several 

short statured sorghum hybrids, which are responsive to high input agriculture. Ethiopia, with 

one of the largest national agricultural research systems in Africa in terms of staff and budget, 

has been following an agricultural-led growth strategy for years with crop breeding for modern 

varieties as major focus of efforts. Due to the importance of sorghum in food security the 

government has allocated considerable resources to the breeding program. Approximately one 

million hectares are sown to sorghum, making it the third most important crop grown in the 

country and it is a major staple in the diet of the population - particularly the poor. A breeding 

program for sorghum has been in place since the 1950's with somewhere between 27 to 30 

modern varieties of the crop released since then (McGuire, 2005).  

The entire sorghum breeding program in Ethiopia starting in 1971 with the beginning of the 

variety Gambella-1107 and looking into the future until 2040 generates net research benefits 

at the magnitude of 762 million USD. There are four Open Pollinating Varieties (OPV) suited 

for the highlands, all registered and released between 1998 and 2005. Six OPV varieties were 

breed for the intermediate altitudes, three of them rather old varieties released between 1989 

and 2001, and the other three between 2006 and 2011. There is only one variety for the ‘moist 

lowlands’ though the moist lowlands cover a significant part of the sorghum area and 

production. It is the variety Gambella-1107 released in 1976. Despite its long existence in the 
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market, Gambella-1107 has only captured a small share in the moist lowland variety mix. 

There are three groups of improved sorghum varieties for the ‘dry lowlands’, namely the first 

seven are OPV varieties with high yield potential, and the last two Ethiopian Sorghum Hybrid 

(ESH-1 and ESH-2) are hybrids with even higher yields, and finally three striga resistant 

varieties.  

However how much of the improved varieties adopted at farmers field and their adoption 

intensity and rate is not quantified. Even if there is no quantified data on impact of Improved 

Varieties (IVs), the majority of the farmers are growing Farmers’ Varieties (FVs) in the three 

sorghum ecologies (Mekbib & Farley, 2000). Not with standing this fact, formal breeding 

(FOB) is still continuing with the same objectives and strategy (EARO, 2000). Similarly, 

farmers have been doing continuous selection and improvement of their varieties for years to 

meet their changing needs, climate and farming systems. As opposed to FOB, the varieties 

developed in the Farmer Breeding (FAB) have been well adopted by farmers and are being 

grown still. For the last half century variety development for lowland parts of Ethiopia has 

focused on the selection of early maturing varieties that can escape drought.  

A number of early sorghum open-pollinated varieties were developed and released for these 

areas (Asfaw, 2007). There are, however, disadvantages to early maturity. Cultivars that 

mature extremely early tend to be lower in yield because the plants have a shorter growth 

period to flower and store nutrients in the grain (Sleper & Poehlman, 2003).  

Improvement of sorghum nationally was increased with different objectives (early maturity, 

diseases and pest resistance, grain yield and quality, striga resistance, malt, stalk sugary, and 

stay greenness etc.) and targeted for different adaptation areas based on the classification of 

Ethiopian agro ecological zones.  

2.5. Basic Concepts of Technology Adoption 

According to Loevinsohn et al. (2012), technology is the means and methods of producing 

goods and services. It is new to a particular place or group of farmers, but the technology may 

in use within a particular place or farmers. Technology adoption is important because it is the 

vehicle that allows most people to participate in a rapidly changing world where technology 

has become central to our lives. Individuals who can’t adopt will increasingly limit their ability 
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to participate fully in the financial and convenience benefits associated with technology. 

Understanding the factors influencing technology adoption helps us predict and manage who 

adopt, when and at what conditions. Unfortunately there is no clear definition of technology 

adoption, in large part due to the tremendous variability in types of technology and 

circumstances under which people adopt them. 

Technology is described as an idea, practice, or object that is perceived as new by an individual 

or groups of a society. Adoption and diffusion of technology are two interrelated concepts 

describing the decision to use or not to use and the spread of a given technology among 

economic units over a period of time. They are distinct but interrelated concepts. Adoption is 

the mental process an individual passes from first hearing about an innovation to final adoption 

(Rogers, 1962). It is always an individual decision process.  

The adoption of an innovation is influenced by information about the receivers’ socio-

economic characteristics, social systems, and the characteristics of the innovation. Moreover, 

the innovation-decision process can lead to either adoption (a decision to make full use of an 

innovation), or rejection (a decision to maintain the original). Information and learning are 

argued to be central to the adoption process. Risk is a major factor limiting the adoption of new 

innovations (Lindner, 1987).  

Among many other definitions, the one given by Rogers (1983) is widely used in several 

adoption and diffusion studies. He defined diffusion (aggregate adoption) as the process by 

which a technology is communicated through certain channels over time among the members 

of social system. It signifies a group of phenomena, which suggests how technology spreads 

among users. This definition recognizes the following four elements: (1) the technology that 

represents the new idea, practice, or object being diffused, (2) communication channels which 

represent the way information about the new technology flows from change agents (extension, 

technology suppliers) to final users or adopters (e.g. Farmers), (3) the time period over which 

a social system adopts a technology and (4) the social system. Rogers (1983) then defined 

adoption as use or non-use of a new technology by a farmer at a given period of time. Overall, 

the technology diffusion process essentially encompasses the adoption process of several 

individuals or farmers over time. 
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 Feder and Zilberman (1985) distinguished individual adoption (farm level) from aggregate 

adoption. Individual adoption was defined as the degree of use of a new technology in a long 

run equilibrium when the farmer has full information about the new technology and its 

potential impact. Aggregate adoption (diffusion) was defined as the process of spread of 

technology within a region. This definition implies that aggregate adoption is measured by the 

aggregate level of use of a given technology within a given geographical area.  

Mosher (1979) has also similar idea but he underlined the importance of information. He noted 

that because of fear of risks associated with the introduction of new technologies, at early 

stages, few adopters acquire full information. In this respect, Bayerlee and Hass de polance 

(1986) also reported that the adoption pattern of a particular component is a function of 

profitability, riskiness, divisibility, or initial capital, complexity and availability.   

According to Dasgupta (1989), the adoption process is conceptualized to include several 

mental stages through which an individual passes after first hearing about an innovation and 

finally deciding to adopt or reject it. The process generally includes five stages: awareness, 

interest, evaluation, trial and adoption. The time between the awareness of an innovation and 

its adoption is called adoption period and length of adoption period varies not only from 

individual to individual but also from practice to practice (Feder et al., 1985 and Dasgupta, 

1989). They also noted that, farmers are categorized, according to their tendency to adopt as 

innovators, early adopters, followers and laggards.  

 2.6.   Review of Empirical Adoption Studies 

Different studies of technology adoption across different location both in Ethiopia and outside 

Ethiopia revealed that a combination of socioeconomic, demographic and institutional 

variables determine the adoption of technologies. 

 Sex differential between household heads is a very important explanatory variable in studying 

determinants of adoption. The prevailing social set up of rural households placed a varying 

responsibility among male and female members. In most parts of rural Ethiopia women are 

disfavored groups of the society who couldn’t easily access technology information. Thus, 

numerous adoption studies had come up with results showing being a female headed negatively 

influencing technology adoption decisions. For instance, (Techane, 2002), in his study on 
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determinants of fertilizer adoption in Ethiopia found that male headed households are more 

likely to adopt fertilizer than female headed households.  

Education status of the household head is the most common and important variable that is 

found to explain farmers’ agricultural technology adoption behavior. Various studies 

confirmed that it has a significant positive influence on adoption of technologies. For instance, 

Mahadi et al. (2012) studied factors affecting adoption of improved sorghum varieties in 

Somali Region of Ethiopia. They have found out that more educated farmers are more likely 

to adopt improved sorghum varieties in the study area. Similar study by Teferi (2003) by using 

Tobit model to analyze determinants of fertilizer use in Gozamin District, Amhara Region, 

Ethiopia founded that education affected the adoption of fertilizer use positively.  

             Different agricultural technology adoption studies revealed conflicting results on the influence 

of age in adoption. A study by Million and Belay (2004) and Mahdi (2005) confirmed that 

when a farmer’s age increases the likelihood of using improved technology decreases. On the 

other hand a study by Hailu (2008) on adoption of improved teff and wheat production 

technologies in crop livestock mixed systems found positive correlation of age with technology 

adoption. 

Availability and amount of family labor plays a vital role in determining adoption of new 

agricultural technologies. A study by Bayissa (2010), Solomon et al., (2011) and Ermias (2013) 

indicate a positive influence of family labor on technology adoption. 

 On the contrary adoption studies done by some other researchers such as Akinola (1987) and 

Igodan et al., (1988), in Nigeria found negative relationship between family labor and 

technology adoption. 

 In developing countries agriculture like in Ethiopia livestock ownership is another essential 

factor that determines adoption of improved technologies. Most adoption literatures confirmed 

that the influence of livestock holding on technology adoption is positive. The study by Endrias 

(2003) reported that value of livestock has positive and significant influence on adoption 

decision and intensity of use of improved sweet potato varieties in Boloso district, Southern 

Ethiopia.  Similar studies by Berhanu (2002); Techane (2002) and Jebessa (2008) confirmed 

that livestock holding has positive influence on adoption. 
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 Farm income is reported in many adoption studies to have a positive impact on adoption of 

agricultural technologies. For instance a study by Kidane (2001) on factors influencing the 

adoption of new wheat and maize varieties in Tigray, Ethiopia confirmed that farm income has 

positive effect on adoption of agricultural technologies.  

Distance to the nearest market is another important explanatory variable that has a significant 

influence on adoption of new agricultural technologies. Majority of the reviewed literatures 

showed that distance to the nearest market influences adoption of new technologies negatively. 

A study by Kidane (2001) on adoption of new wheat and maize varieties in Tigray, Ethiopia 

found that distance to the nearest market has negative influence on the extent of adoption of  

improved technologies by farmers. This implies that those farmers who live in remote areas 

are reluctant to adopt improved agricultural inputs. This is possibly because they have limited 

access to modern agricultural inputs and market information. A similar result was reported by 

Mann (1989) in his assessment of adoption situations of new crop varieties in India.   

 2.7. Conceptual Framework of Sorghum Variety Adoption 

Adoption of technologies is the outcome of several interactions of farmers’ internal and 

external contexts. Households’ characteristics, socioeconomic and institutional factors are the 

main determinants on a decision to uninterruptedly employing a given technology.                                                                                                                                                                                            
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Figure 1: Conceptual framework of the study 

Source: Adapted from (Belay Wudu, 2017) 
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3. RESEARCH METHODOLOGY 

3.1. Description of the Study Area 

Gondar Zuria woreda is found at north Gondar of Amhara region. This woreda is bordered on 

the south by the Debub Gondar Zone, on the southwest by Lake Tana, on the west by Dembiya, 

on the north by Lay Armachiho, on the northeast by Wegera, and on the southeast by Mirab 

Belessa. The city and woreda of Gondar is surrounded by Gondar Zuria in the northern part of 

this woreda. This woreda contains 37 kebele administrations out of which 3 are town kebele 

administrations and the remaining 34 are rural kebele administrations (agriculture office of the 

district). 

 

Source: GIS shape file of Ethiopian administrate map 

Figure 2: Sketch of the study area 
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3.1.1. Agro-climatic environment  

Gondar Zuria Woreda has dega (22%) and Woyna dega (78%). The altitude of this woreda is 

1982 meters above sea level and the average annual precipitation range between 950mm-

1035mm. The annual temperature of the Woreda is 33oc maximum and 27oc minimum 

(agriculture office of the district). 

3.1.2. Production system  

 People in Gondar Zuria Woreda are mainly involved in agriculture as their main job. The 

method of production is mainly traditional which is time consuming and less productive. The 

production system is mainly depending on seasonal rain which forces farmers to produce once 

per year.  Currently new methods of production are introducing like planting in rows and 

provision of quality and improved seeds (agriculture office of the district). 

 3.1.3 Population and population density 

 Based on population projection of Ethiopia CSA (2017), the total population of Gondar Zuria 

woreda is 231,830 of which 117,408 are males and 114,422 are females. From the total 

population of the woreda, 199,831(101,851 males and 97,980 females) and 31,999 (15,557 

males and 16,442 females) live in rural and urban areas respectively. According to CSA (2008), 

with an area of 1287 square kilometers, Gondar Zuria woreda has a population density of 217 

inhabitants per square kilometer. The population distribution of the district is nucleated at the 

town but it is more dispersed at the village’s areas.  

3.1.4 Urban infrastructure and social services 

Gondar Zuria Woreda has modern (urban) infrastructure facilities like telephone, electric 

power, road that connects Bahirdar and Gondar, clean water, clinics and bank (district 

agricultural office). 

3.2. Sampling 

A multi-stage stratified sampling method was used to select sample households of the study. 

Gondar Zuria woreda is purposively selected because it is one among the lists of woredas in 

Amhara region with higher sorghum production potential. From the woreda, a total of 24 

kebeles were first selected on the basis of sorghum production level. Kebeles with no or little 



  

18 
 

sorghum production wouldn’t considered for sample selection. Then the selected district with 

the above 24 potential producer kebeles were stratified in to two strata based on agro-climatic 

condition, one being Woyna Dega 2(78%) and the second stratum is Dega3 (22%). From the 

selected sorghum growing kebeles 18 of them were found in Woyna Dega. Therefore a total of 

4 kebeles of which 3 from Woyna Dega and 1 from Dega kebeles were randomly selected 

based on proportion to size basis. Finally 146 sorghum growing households from Woyna Dega 

and 58 sorghum growing households from Dega stratum were randomly selected for interview. 

Thus, a total of 204 households were selected based on probability proportionate to size 

technique. The sample size is determined by following a formula developed by (Yemane, 

1967).   The formula is:   n =  
𝑁 

1+𝑁(𝑒)2   ͌   204.  ……… 1 

Formally, the standard precision level (e) to be used is 0.05. But here 0.07 is used for the sake 

of obtaining the right number of sample respondents to match with the usual budget and time 

constraint. From the table of Yemane, a population size of 20,000 or more provides a sample 

size of 204. Since the total number of target households in the district (N) in this study was 

equal to 29438, a total sample size of (n = 204) respondents were obtained at 7% precision 

level. This value is equal to the number of respondents obtained in the formula above.  

Table 2: Size of sampled households in each sample kebeles 

Agro climatic          Kebeles                Total No.         %                 No. of  

Condition                                               of HHs.                          Sampled HHs. 

Woyna dega             Zengaj                     1430          29.14              59 

Woyna dega             Degola                     1200          24.45              50       

Woyna dega             Bahri Gimb              1250          25.46              52 

Dega                         Chehera                   1028          20.95              43 

                                   Total                       4908          100               204 

Source: Own survey data, 2018 
 

          

                                                           
2 The central temperate high belt of the Ethiopian plateau, with elevations of 1,700 or 1,800 m to 2,400 m. 
3 Wet and cool temperate climate of the Ethiopian highland with an altitude ranges between 2500 and 3500 m 
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Figure 3.1: sampling design 
         

          

3.3. Sources and Methods of Data Collection 

 3.3.1. Sources of data 

Both primary and secondary sources of data were used for this study. The data was collected 

from the sampled farmers and district agricultural office. Primary data was collected from 

individual interviews with respondents who were randomly selected from the kebeles. In 

addition to this key informant interview was used to address data that wasn’t covered by 

interview with respondents. 

Secondary data was gathered from several sources located around the study area such as 

Gondar Zuria woreda agricultural office to supplement the primary data. The institutions for 
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secondary data sources included statistical reports from sources like CSA. Moreover both 

published and unpublished sources were used. 

 3.3.2. Method of data collection  

Formal and informal methods of data collection were used. The formal method of data 

collection consisted of administering a structured interview scheduled to sample respondents. 

Whereas, the informal method took the form of group and individual discussion. The 

questionnaire was administered to sample farmers, and group and personal discussions were 

made with development agents and relevant agricultural professionals 

Structured interview scheduled: Structured interviews are a means of collecting data for a 

statistical survey. In this case, the data is collected by an interviewer rather than through a self-

administered questionnaire. Interviewers read the questions exactly as they appear on the 

survey questionnaire. The choice of answers to the questions is often fixed (close-ended) in 

advance, though open-ended questions can also be included within a structured interview. 

Key informant interview: In order to get primary data with respect to research questions and 

related issues key informant interviews was conducted with selected kebele peasant 

associations’ development agents and district agriculture and rural development head and 

experts.  

Enumerators: Enumerators collect information on demographic, socio- economic and 

institutional characteristics of the respondents. Enumerators require formal education and 

trained well on how to administer the data collection work. 

 3.4. Data Analysis 

For data analysis both descriptive statistics and econometric model were used. The analysis 

was made using SPSS and STATA version 14 software packages. 

3.4.1. Descriptive analysis 

Descriptive statistics such as percentages, mean, standard deviation, minimum, maximum, chi-

square for nominal variables, and t-test comparison for continuous variables were employed to 

assess factors associated with sorghum varieties adoption. 
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3.4.2. The logit model  

Analytical model selected for the first objective of this study was the logit model, which 

significantly identifies the influences of determinants of improved sorghum varieties adoption. 

It is also possible to analysis adoption behavior of farmers using linear probability functions.  

However, these models have their own limitations such as t- ratios are incorrect, exhibit 

heteroscedasticity, non-normality; their estimated probabilities (Pi) may be greater than one or 

below zero and assume pi increases linearity with X (Maddala, 1983 & Gujarati, 1995). The 

logit and Probit models overcome such drawbacks as both are based on a commutative 

distribution function. It is also true that various adoption studies so far done on crop, livestock, 

soil conservation etc. have used Probit and logit models for identifying the impact of 

independent variables on dependent variables. However, as of Aldrich and Nelson (1984), the 

outputs of Probit and logit models are usually similar. Even though their outputs are similar 

the logit model was preferred for this study due to its easy of interpretation. Therefore the 

econometric model, logit, was used to trace the important determinants of adoption of 

improved sorghum varieties among sample households.  

Logistic regression is a statistical classification model that can be used to predict a binary 

response, outcome of a categorical dependent variable by one or more predictor variables 

(independent variable). The model can be used to predict the probability of the occurrence of 

an event and that the adequacy of the data on the logistic curve, using a logistic function. Thus, 

logistic regression measures the relationship between a categorical dependent variable and one 

or more independent variables using probability scores as the predicted values of the dependent 

variable. Moreover, logistic regression may be used to predict the odds of being a case based 

on the values of the independent variables (Park, 2013) and (Kleinbaum & Klein, 2010).   

In linear regression the method used most often for estimating unknown parameters is least 

squares. In that method we choose the values of the coefficients which minimize the sum of 

the squared deviations of the observed values of the dependent variable from the predicted 

values based up on the model. Under the usual assumptions for linear regression the method 

of least squares yields estimators with a number of desirable statistical properties. 
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Unfortunately, when the method of least squares is applied to a model with dichotomous 

outcome the estimators no longer have these same properties. The general method of 

estimation that leads to the least squares function under the linear regression model (when the 

error terms are normally distributed) is called maximum likelihood. This method provide the 

foundation for the estimation of the logistic regression model. In a very general sense the 

method of maximum likelihood yields values for the unknown parameters which maximize the 

probability of obtaining the observed set of data (David W. & Stanley L., 2000). 

Model specification  

The cumulative logistic function for the logit is grounded in the concept of an odds ratio. 

Following Maddala (1983); Aldrich and Nelson (1984); Green (1991) and Gujarati (1995) the 

logistic distribution for the adoption decision of improved sorghum variety can be specified as 

follows.                                                   

   
𝑃𝑖

1−𝑃𝑖
=  𝑒𝑧𝑖   ⇒   𝑃𝑖= (1−𝑃𝑖)𝑒

𝑧𝑖 = 𝑒𝑧 − 𝑃𝑖𝑒𝑧𝑖 

 𝑃𝑖+ 𝑃𝑖𝑒𝑧𝑖 = 𝑒𝑧𝑖 ⇒ 𝑃𝑖(1 + 𝑒𝑧𝑖) = 𝑒𝑧𝑖 

 𝑃𝑖 = 
𝑒𝑧𝑖

1+𝑒𝑧𝑖 ⇒ p =  
1

𝑒−𝑧𝑖(1+𝑒𝑧𝑖)
 =  

1

𝑒−𝑧𝑖+1
=

1

1+𝑒−𝑧𝑖 

𝑃𝑖=     
1

(1+𝑒−𝑧𝑖)
       ………………………. 2 

 Where, Pi is a probability of adoption of improved sorghum variety for the ith farmer  

e- Represents the base of natural logarithms  

Zi - is the function of a vector of explanatory variables which is expressed as 

Zi=Po +∑ 𝑃𝑖𝑋𝑖
m
i=1 + 𝑈𝑖 

Z - is an underlying and unobserved stimulus index for the ith farmer.  

i- Observation on variables for the adoption model 

 Po- is the constant term  

Pi - are the unknown parameters to be estimated  

Ui- the disturbance term  



  

23 
 

m-is the number of explanatory variables identified for the study 

 If pi is the probability of adopting improved sorghum variety their 1-Pi represents the 

probability of not adopting the improved sorghum variety and expressed as 

1-𝑃𝑖 = 1   - 
1

(1+𝑒−𝑧𝑖)
  = 

𝑒−𝑧𝑖

(1+𝑒−𝑧𝑖)
=

1

(1+𝑒𝑧𝑖)
                                ----------3 

Then, the odd ratio of the equation 2 and 3 is expressed as 

    
𝑃𝑖

1−𝑃𝑖
    =    

1+𝑒𝑧𝑖

(1+𝑒−𝑧𝑖)
  =   𝑒𝑧𝑖                                                  -----------4 

Equation 4, defines the probability of adoption of   improved sorghum variety to non-adoption 

of the improved variety. Finally, the logit model is expressed as follows by taking the natural 

logarism of odd ratio                 

 Li = ln [
𝑃𝑖

1−𝑃𝑖
] =ln  𝑒𝑃𝑜  +  ∑𝑃𝑖𝑋𝑖 =Zi =Po +∑ 𝑃𝑖

𝑚
𝑖=1 𝑋𝑖 -----------------5 

Where Li= log of the odds ratio in favor of improved sorghum variety adoption.  

Estimation procedure 

Before using the model, multicollinearity was checked to exclude one of the highly correlated 

explanatory variables. Accordingly, Variance Inflation Factor (VIF) and Contingency 

Coefficient (CC) were used for continues and dummy variables respectively to check the 

presence of multicollinearity problem. 

As a rule of thumb, if the VIF of a continuous variable exceeds 10 it is said to be highly 

collinear (Gujarati, 1995). Similarly, the existence of association among discrete explanatory 

variables was tested using contingence coefficient method. A value of 0.75 or more indicates 

a stronger relationship (Healy, 1984). 

3.4.3 Definition of variables and their hypothesis in the logit model 

   Definition of dependent variable 

Adoption of improved sorghum variety is the dependent variable of the study. It is categorical 

and 1 stands for those farmers who adopt improved sorghum variety and 0, otherwise. 
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Definition of independent variables 

Sex of the household head: Sex is an important explanatory variable that explains adoption 

of new technologies. Sex is found to be one of the factors influencing adoption of new 

technologies. Due to many socio-cultural values and norms, males have freedom of mobility 

and participation in different extension programs and consequently have greater access to 

information. Therefore, it was hypothesized that male farmers are more likely to adopt new 

technology (Doss and Morris, 2000; Mesfin, 2005). It is recorded as 1 if the farmer is male and 

0 otherwise.  

Age of the household head: The role of a framer’s age in explaining technology adoption is 

somewhat controversial in the literature. Whatever the condition, it is important to include age 

as a factor that would help explain adoption decisions. It is measured in number of years from 

birth. It is assumed that as farmer age increases the probability of adoption is expected to 

decrease because as the farmer’s age increases, it is expected that the farmer becomes 

conservative (Dereje, 2006). Contrary to this Hailu (2008) reported positive relationship 

between age and adoption which enables easy adoption of new technologies.  

 Use of credit: It is dummy variable measured using 1 if the respondent receives credit from 

credit institution when they require and 0, otherwise. A study by Workneh (2007) on 

determinants of adoption of improved box hive confirmed that availability of credit affects the 

adoption decision of respondents significantly and positively. Because those farmers who 

receive credit might have a chance to purchase improved sorghum seed varieties. In this study 

it was hypothesized that receiving credit and adoption of improved sorghum varieties were 

positively related. 

Extension contact: Feder et al. (1985) noted that extension efforts increase the probably of 

new technology by increasing the stock of information pertaining to modern production 

increment.  It is continuous variable and was measured by the number of contact the farmer 

has with an extension agent monthly. Effective utilization of improved sorghum varieties 

requires close follow up of the extension workers. Previous research results by Melaku (2005) 

and Jebessa (2008) reported a positive role of extension contact on agricultural technology 
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adoption. So, it was hypothesized that farmers who have a frequent contact with extension 

agent would adopt the improved sorghum variety more. 

Participation of the household head in off-farm: It is a continuous variable which is the total 

amount of money the farmer obtained from off-farm activities measured in birr.  Participation 

in such activities avail cash for purchase of inputs such as improved seeds. A study by 

(Habtemariam, 2004 and Berhanu, 2002) suggested a positive effect of off-farm income on 

technology adoption. Therefore, this study hypothesized that farmers’ off-farm income 

positively affect adoption of improved sorghum varieties. 

Cultivated farm size: It is the amount of land operated in the survey year measured in timad 

(one-fourth of a hectare). From past studies, the effect of farm size on technology adoption is 

mixed. Some of the literatures such as Million and Belay (2004) argue that farm size affect 

technology adoption positively while some others such as Endrias (2003) and Ermias (2013) 

argue that small farms are efficient as they intensively utilize technology and labor which in 

turn means large farm size affect technology adoption negatively. This study follows the 

former argument and hypothesized a positive relation between cultivated farm size and 

improved sorghum varieties adoption. 

Total livestock holding in Tropical Livestock Unit (TLU): This refers to the total number 

of livestock (measured in Tropical Livestock Units, TLU) the farmer holds. In Ethiopia, 

livestock are important source of cash income, food, household energy, manure and draught 

power for cultivation. Previous research findings such as (Kidane 2001) found a positive 

relationship between livestock holding and adoption of new crop technologies. It is, therefore, 

hypothesized that farmers with higher livestock holding would have higher expected level of 

adoption of new sorghum technologies. 

Distance from farmers’ training center: is continuous variable measured in kilometer. The 

closer the farmer to the farmers’ training center, the more likely he/she received valuable 

information and/or input to adopt improved technology. A study by Endrias (2003) reveals a 

negative correlation between distances from farmer’s training center and improved agricultural 

technology. Therefore, it is hypothesized that the sign of this variable on adoption of improved 

sorghum technologies was expected to be negative. 
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Shortage of labor in the household: It is a dummy variable which takes 1 if labor is not 

readily available and 0, otherwise. A study by Belets (2012) suggested that adequate supply of 

family labor to positively influence technology adoption. In this study it is hypothesized that 

this variable negatively affects adoption of improved sorghum varieties. 

Educational status of household head: is continuous variable measured in years of formal 

schooling. Educated households had the ability to analyze and use information relevant to the 

adoption of improved technology. Former studies, for instance Berhanu (2002); Workneh 

(2007) and Bayissa (2010) found that educational status of the household head influence 

adoption of new technologies positively. Therefore, the expected influence of educational 

status of the household on adoption of improved sorghum varieties was positive. 

 Family size: This refers to the number of people who live in the same residence. Farmers with 

large family size might significantly adopt the technology, to satisfy the need of their family 

Haji (2003). Thus, it is hypothesized that family size and adoption of the new crop technologies 

were positively correlated. 

Participation in on-farm trials: Farmers’ participation in research activities is hypothesized 

to positively explain improved sorghum adoption as it determines their knowledge and 

information level about the existence and performance of available new varieties. Participation 

in demonstrations is expected to positively influence farmers’ adoption of improved 

technology (Hailu, 2008). Therefore, farmers who either participate in on-farm trials or field 

visit had the tendency to adopt improved sorghum technologies. 

Distance from the nearest market: is continuous variable measured in kilometer. Existence 

of local markets offering input sales opportunities with lower transportation cost is important 

for the adoption of improved agricultural technologies. Berhanu (2002); Haji (2003) and 

Jebessa (2008) revealed that household’s distance from the nearest market negatively and 

significantly influenced adoption of new technologies. Therefore, household’s residence 

distance from the nearest market was expected to influence adoption of improved sorghum 

variety negatively. 

Proportion of sorghum area: a continuous variable which is the ratio of sorghum cultivated 

land to total cultivated land. The larger proportion of sorghum area the farmer has the result 
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would be the adoption of improved sorghum variety. Therefore in this study it was 

hypothesized that proportion of sorghum area would correlate with adoption of improved 

sorghum variety positively. 

Table 3: Explanatory variables used in the logit model and their expected signs 

Independent variables                                 Expected sign                   Description 

Sex of the household head                                  +          dummy, favorable response = 1 

Age of the household head                                 +/-        continuous, years                           

Use of credit                                                       +          dummy, favorable response =1 

Extension contact                                               +           continuous, number of contact 

Off-farm income                                                +           continuous, income in birr 

Cultivated farm size                                           -            continuous, timad                          

Total livestock holding                                      +           continuous, in tropical livestock unit                          

Distance from farmers’ training center              -            continuous, kilometers 

Shortage of labor in the household                    -             dummy, favorable response =1 

Educational status of the household head         +             continuous, number of schooling 

Family size                                                        +             continuous, number of people                         

Participation in on-farm trials                           +             dummy, favorable response =1 

Distance to the nearest market                           -             continuous, kilometers 

Proportion of sorghum area                               +             continuous, ratio 

3.4.4. The multinomial probit model 

Multinomial regression models are applied in analyzing data where the categorical response 

variable has more than two possible outcomes while the independent variables could be 

continuous, categorical variables, or both (Hosmer and Lemeshow, 2000). The categorical 

response variable may be ordered or unordered. Ordered or ordinal response variables are 

unique values that represent rank order on some dimension, but there are not enough values to 

treat the variable as continuous. Unordered or nominal response variables are those whose 
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values provide classification but provide no indication of order. This study go through 

multinomial regression models. 

There are many specific probabilistic choice models, and two of the most widely used models 

are the multinomial logit (MNL) and multinomial probit (MNP) models. Technically, these 

models are very similar; they differ only in the distribution of the error terms. MNL has errors 

which are independent and identically distributed according to the type-1 extreme value 

distribution, which is also sometimes called the log Weibull distribution (Greene, 2000).  

MNP has errors which are not necessarily independent, and are distributed by a multivariate 

normal distribution (Greene, 2000). It has a flexible error structure which relaxes 

Independency from Irrelevant Alternative (IIA) assumption and allows modelling correlated 

choices. The reference category has to be assigned in the MNP model as it was the case for the 

MNL model. As a consequence for M number of alternatives the covariance matrix also 

reduced in its dimension from (M ×M) to (M −1) × (M −1). Any category can be taken as the 

base level. But most of the time, one value (typically the first, the last, or the value with the 

highest frequency) of the dependent variable is designated as the reference category. The 

probability of membership in other categories is compared to the probability of membership in 

the reference category. 

 For MNP, choice probabilities involve multiple integrals: as many integrals as one fewer than 

the number of choices. Unlike MNL, MNP cannot be easily solved by manual calculation or 

otherwise be easily manipulated.  Computers can typically maximize likelihood functions with 

double or triple integrals, and may take a while to do so. But when computers must deal with 

quadruple integrals, quintuple integrals, or even more complicated integrals, MNP often fail to 

converge or provide any useful estimation at all.  

The debate over whether to use MNL or MNP has been framed as a debate of accuracy versus 

computational ease: MNP provides more accurate results, but MNL converges much more 

quickly. The estimated MNP and MNL coefficients and standard errors, probabilities and 

marginal effects were indistinguishable (for both MNL and MNP). MNP specifications are 

often weakly identified in application. The MNL likelihood would optimize at its global 

maximum and is not prone to optimization errors. The MNL model is criticized because it 
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imposes the IIA property on voter choice. The IIA property imposes the restriction that the 

relative odds of selecting between any two choices is independent of the number of 

alternatives. 

Limitations of multinomial logit model 

Imposition of the independence of irrelevant alternatives (IIA) is restrictive for behavioral 

choice models since IIA limits the application of multinomial logit regression to choices that 

are correlated or share important qualities. MNL has a restricted substitution pattern due to IIA 

assumption which limits its application in studies interested in investigating the effect of 

dropping or adding some choices. Essentially, IIA requires that an individual’s evaluation of 

an alternative relative to another alternative should not change if a third (irrelevant) alternative 

is added or dropped to the analysis.  Lastly, MNL is not able to represent random taste 

variation, and is also not applicable in analysis of panel choice data since error terms exhibit 

temporal correlation (Train, 2003).  

MNL relies on the Independence from Irrelevant Alternatives (IIA) assumption which is 

violated when choices are correlated. Although this independence has the advantage that the 

likelihood function is quite easy to compute, in most of the cases the IIA assumption leads to 

unrealistic predictions resulting in overestimating the probability of selecting correlated 

alternatives. One alternative to break down the IIA assumption therefore consists in allowing 

the errors to be correlated with each other and that is exactly what the multinomial probit model 

does.   

As a result the computational easiness of the multinomial logit model did not give much 

satisfaction for the analysis of multi response models involving correlated choices. This is 

because as mentioned above it has a strong weakness-violates the Independence from 

Irrelevant Alternatives (IIA) assumption. Therefore in this study the Multinomial Probit (MNP) 

model _ a very general framework which allows modeling of correlated errors was used to 

predict multinomial outcomes. However McFadden (1981) states that ‘the primary difficulty 

in application of the MNP model is the lack of practical, accurate methods for approximating 

the choice probabilities when the number of alternatives is large.  

                                           The multinomial probit formulation 
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A multiple choice response variable, where the order of the response does not matter can be 

motivated by a random utility model. A respondent with a given set of characteristics facing a 

finite set of alternatives, would choose that alternative which maximizes utility. Denoting the 

utility of the jth alternative by Uj, alternative k is chosen if 

                        Uk =max (Uj) j=1… ζ …………… 6 

 Where ζ denotes the number of alternatives. 

In utilizing a latent variable approach, one need not make explicit reference to utility but view 

choice behavior in terms of an unobserved propensity. For example, if an unobserved index 

measuring the propensity to produce a given output is defined by y* and identify a threshold 

α, below which production does not occur, then the observed (discrete) outcome is related to 

the unobserved latent index by the simple mapping: 

  y=I(y*>α), where y=1 if the threshold is exceeded. I (.) is the indicator function. Initially the 

basic structure of the multinomial choice model (multinomial probit model in this case) can 

be illustrated by restricting the choice sets in to two elements for the sake of simplicity and 

denote the deterministic part of utility by xjβ. The utility derived by a given individual from 

the two alternatives is given by: 

                     𝑈1 = 𝑋1𝛽+ 𝜀1 

                     𝑈2 = 𝑋2𝛽 +𝜀2, where xj is the respondents characteristics and β is an unknown 

parameter. Alternative 1 is chosen if U1>U2, or x1β− x2β > ε2 − ε1. 

Once the deterministic component of utility has been specified, the key to formulating the 

model is the distributional assumption for ε2 − ε1. Although choice is considered in terms of a 

utility difference, U1 − U2, an unobservable, latent random variable could just as easily been 

defined as, y*= U1 − U2. Then, denoting Qβ= x1β− x2β, and ε1 − ε2, we may write the binomial 

choice model as y*= Qβ+ ε. Therefore the probability of choosing alternative 1, for ε~N (0, 

σ2), is given by:  

  P[y = 1] = Φ (Qβ) =∫
1

2𝜋0.5

𝑄𝛽/𝜎

−∞
 𝑒𝑥𝑝 (−

𝑡2

2
) 𝑑𝑡 …………….. 7 
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 where Φ (Greek letter phi) is the standard normal cumulative density function and Φ(t) = 

2𝜋−1/2exp (−𝑡2/2). However in this study the dependent variable contains three unordered 

outcomes coded 1, 2 and 3. The numerical values are arbitrary because 1 < 2 < 3 does not 

imply that outcome 1 (improved sorghum variety only) is less than outcome 2 (the 

combination of both improved and local sorghum variety) is less than outcome 3 (local 

sorghum variety only). Therefore the trinomial model is written as:                Uj =x jβ+εj       

j=1, 2, and 3. 

 Assuming again that the first alternative is chosen, the trinomial probit model can be illustrated 

as follows. For this to occur the following set of inequalities must be satisfied: D1 − D2>η21 

and D1 − D2>η31, where η21 = ε2 − ε1 and Dj =x jβ. If we assume that the random components 

of choice (η21, η31) are distributed bivariate normal, then P1 is written as: 

P1 = ∫ ∫ 𝑔(𝜂21, 𝜂31, 𝜌)  𝑑𝜂31𝑑𝜂21
(𝐷1−𝐷3)/√𝜎11+𝜎23−2𝜎13 

−∞

(𝐷1−𝐷2)/√𝜎11+𝜎22−2𝜎12

−∞
,  ……… 8    

where g is the standardized bivariate normal density and ρ is the correlation coefficient. 

Therefor choice probability formulas in MNP with J alternatives involve (J − 1) tuple integrals. 

3.4.5. Definition of variables and their hypothesis in MNP model   

Definition of dependent variable(s) 

Considering that sorghum farm households can decide to use only local variety or only 

improved sorghum variety or a combination of the two on their farm plots MNP model can be 

specified as: 

Y1= improved sorghum variety only  

Y2= both improved and local sorghum variety  

Y3= local sorghum variety only  

Definition of independent variables 

Sex of the household head: It is a dummy variable which takes 1 for male and 0 for female 

headed households. Male household heads are more likely to adopt improved sorghum than 

female household heads. This is because male household heads have more access to 
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information and can afford the cost of the technology than female household heads. A study 

by Hailemariam et al. (2006) on improved poultry breeds adoption found that being male 

household head has positive effect on probability of adoption.  

Age of the household head: A continuous variable measured in years. Older farmers may be 

more risk averse and less likely to be flexible than younger farmers and thus have a lesser 

likelihood of adopting new technologies. However, it could also be argued that older farmers 

have more experience and acquire indigenous knowledge than younger farmers, hence, have a 

higher probability of adopting the practice. Bekabil and Hassan (2006) found negative effect 

of age on probability and intensity of fertilizer use. However, Jebessa (2008) found positive 

effect of age on intensity of the same technology adoption. Therefore the effect of age of the 

household head on sorghum variety choice is not well understood to put a hypothesis (Zavale, 

et al., 2005). That means its effect might be either positive or negative.  

Access to credit service: is dummy variable taking the value 0 if the household received credit 

service either in cash or kind and 1 otherwise. Lack of initial capital may hinder the respondent 

from adopting the new technology, particularly the resource poor households. Workneh (2007) 

and Jebessa (2008) revealed that accessibility of credit positively influences new technology 

adoption. Hence, positive influence of credit access on adoption improved sorghum variety 

was hypothesized.   

Education status of the household head: is a continuous variable measured based upon 

formal years of schooling attended by the respondents. More Educated household heads are 

expected to be more interested towards adopting improved sorghum variety only or the 

combination of both improved and local variety than only the local variety. A study by 

P.Wangare (2007) on determinants of adoption of improved wheat varieties and fertilizer use 

by smallholder farmers in Njoro and Kieni West, Kenya found a positive correlation of 

education level of the household with adoption of improved wheat varieties-specific attributes. 

Size of the household: is continuous being the number of the household members and is 

hypothesized to influence the choice of both (improved and local) and only improved variety 

than only local variety positively. As the size of the family increases, households need more 

produce in a sustainable manner.  The study by Danso-Abbeam et al. (2017) on adoption of 
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improved maize variety among farm households in the northern region of Ghana found a 

positive relationship between household size and improved maize variety. 

Distance to main market: is a continuous variable measured in kilometers. Market access 

paves the way for farmers to purchase improved sorghum seed and other essential inputs with 

in a small transportation cost. Therefore, households which are more nearer to markets are 

expected to be more concerned in adopting improved sorghum variety. 

Participation in on-farm trials: Farmers’ participation in research activities is hypothesized 

to positively explain improved sorghum adoption as it determines their knowledge and 

information level about the existence and performance of available new varieties. Organization 

of demonstration fields serves as a platform for information dissemination and also improves 

the farmer’s technical skills. This variable is expected to positively influence farmers’ adoption 

of improved technology (Hailu, 2008). Therefore, farmers who either participate in on-farm 

trials or field visit would have the tendency to adopt improved sorghum variety than the local 

ones.  

Land holding size: it is continuous in hectares of cultivated land. In many empirical studies, 

it has been noted that adequate size of land holding is the basic requirement for adoption of 

improved agricultural technologies. A study by Prof, G. Ortmann et.al (2012) on Ex-Ante 

Adoption of New Cooking Banana (locally called Matooke) Hybrids in Uganda based on 

farmers' perceptions reveals positive association of land size with improved banana variety 

adoption. It is thus hypothesized that the larger the farm size the farmer has, the better his/ her 

risk bearing ability and the higher the probability to adopt new crop technologies. 

 Proportion of sorghum area: a continuous variable which is the ratio of sorghum cultivated 

land to total cultivated land. An increase in proportion of sorghum area is expected to influence 

a choice of the combination of both (improved and local) varieties than others. This is due to 

the fact that farmers with large proportion of sorghum area have a chance to adopt and harvest 

both varieties as there is enough sorghum land. 

 Livestock ownership: is the total number of livestock that the household own measured in 

total livestock unit. In the study area, livestock are important source of cash income, food, 

household energy, manure and draught power for cultivation.  P. Wangare (2007) study on 
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determinants of adoption of improved wheat varieties and fertilizer use reveal a positive 

relation of total livestock unit with farmer’s perception of improved wheat varieties-specific 

attributes. The higher the livestock holding the higher would be the expected level of adoption 

of new crop technologies. In this study this variable was hypothesized to influence the choice 

of either only improved variety of sorghum or both (combination of improved and local) 

varieties than only local variety of sorghum. 

Off-farm income: is continuous variable measured in birr. During slack periods many farmers 

earn additional income by engaging in various off-farm activities. This is believed to raise their 

financial position to acquire new inputs. Earlier studies (Diiro, 2013) revealed that income 

from off-farm activities induces adoption of improved maize variety. However, farm 

households without off-farm income were more productive than households with off-farm 

income. Therefore, in this study, it was hypothesized that there is a positive correlation between 

the amount of off-farm income and the adoption of new crop technologies. However its effect 

on a specific sorghum variety choice is not well known.  

Irrigated land: it is the amount of irrigated land measured in hectare during the survey year. 

This study hypothesized that an increase in irrigated farm would have a positive relation with 

improved sorghum adoption than the local variety. This is due to an expectation that the early 

maturing improved sorghum varieties might be more suitable to fit to the crop rotation system 

that farmers might exercise in their irrigated farms. 

Shortage of labor: dummy, 1 if the respondent percept the constraint as major sorghum 

production challenge, 0 otherwise. Production of improved sorghum variety may require 

person-hours for the application of inputs such as fertilizer, pesticides and weed control and 

therefore scarcity of labor may affect the decision of farmers to adopt the improved sorghum 

variety. Etoundi and Dia, (2008) showed the positive impact of adequate labor supply on 

adoption of improved maize variety. Therefore, in this study it is hypothesized that shortage of 

labor would have negative correlation with a specific preference of sorghum variety.  

Distance from farmer’s training center: this variable is continuous expressed in kilometers 

from farmer’s training center to their residence.  However, the direction of the influence of the 

variable on sorghum variety adoption is not priory understood. 



  

35 
 

Extension contact: is continuous variable measured in number of contacts/frequency of 

monthly contacts with the extension agents. Similarly its effect on variety preference is not 

well known to specify the hypothesis. 

Table 4: Description of explanatory variables of MNP model 

  Independent variable                                   Description 

 Sex of the household head           dummy, favorable response = 1  

 Education status of HH               continuous, number of schooling 

Age of the HHs                            continuous, Years 

Access to credit                            dummy, favorable response = 0  

Size of the household                   continuous, (Number of the household members) 

Distance to main market              continuous, kilometers  

 Land holding size                        continuous (hectare) 

 Proportion of sorghum area         continuous, Ratio  

 Livestock ownership                    continuous, in Tropical Livestock Unit  

Participation in on-farm trials       dummy, favorable response = 1 

Off-farm income                           continuous in birr  

Irrigated land                                 continuous (hectare) 

Shortage of labor                          dummy, perception on labor shortage as major production 

                                                       problem (1, if the respondent percept the constraint as 

                                                       major sorghum production challenge, 0 otherwise) 

Distance from FTC                       distance in kilometers from FTC to their home  

Experience in extension                number of monthly contact with extension agent 
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3.4.6. Test of multicollinearity 

Multicollinearity is a situation where we encounter an association among the explanatory 

variables. It refers to a situation where it becomes difficult to separate effects of independent 

variables on the dependent variable because of strong relationships among independent 

variables (Maddala, 1977). Before running the logit and MNP model, an assessment for an 

existence of multi-colinearity had been tested using VIF and CC. 

Variance inflation factor / VIF/ and contingency coefficient/CC/ 

VIF method is used to detect multicollinearity problem among continuous independent 

variables. According to Maddala (1992), it can be computed using the formula, 

VIF (xi) = 1/1-Ri
2       

Where Ri
2 is the squared multiple correlation coefficient between Xi and the other explanatory 

variables. As a rule of thumb a VIF value of more than 10 is said to be highly collinear 

(Gujarati, 1995). Similarly, the existence of association among discrete explanatory variables 

is tested using contingence coefficient method using a formula shown below. A value of 0.75 

or more indicates a stronger relationship (Healy, 1984).  

 CC =  √
χ2 

n+χ2
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4. RESULTS AND DISCUSSIONS 

In this chapter results of both descriptive statistics and econometrics model have been 

presented and discussed. The chapter is divided in to two sections; the first section presents the 

descriptive results of demographic, socioeconomic and institutional factors of the respondents. 

In the second section econometric results of logit and multinomial probit models are presented.  

4.1. Descriptive Statistics 

4.1.1. Household characteristics of sample respondents  

Age of the sample households in the study area ranges from 28 to 72 years. The minimum and 

maximum ages of adopters were 28 and 72 years, respectively. The corresponding figures for 

the non-adopters were 29 and 71 years, respectively. The average age of the sample 

respondents was 46.9 years old. The mean average age of adopters was 43.73 years old while 

non- adopters was 50.1 years old. An independent sample t-test showed there was statistically 

significant age difference among adopter and non-adopter farmers at less than 1% probability 

level. 

Household size of sampled respondents was between 2 and 9 persons per a single household. 

The average family size of sampled household was 5.66 persons which is higher than the 

national average 4.8 persons. Adopters and non-adopters had an average of 5.32 and 6 persons 

per household respectively. The result shows that the mean family sizes of adopters are less 

than non-adopters. There is also significant mean difference between adopters and non-

adopters at less than 1% probability level. Education level of sampled households ranged from 

0 to 10 grade. The mean education level of sampled respondents was 1.48. There is a significant 

mean difference between the two categories with mean education level of adopters and non-

adopters equal to 1.86 and 1.1 respectively. 

 

 

 

 



  

38 
 

Table 5: Age, family size and education level of sample households by adoption status 

                          Category           Min       Max      Mean            Std. Dev.          t-value 

 

 Age                Adopter                 28          72        43.73               10.4             3.68***      

                        Non-adopter          29          71        50.1                12.35 

                           Total                   28          72        46.9                12.38 

 

Family size      Adopter                  2            9        5.32                 1.61               2.72*** 

                         Non-adopter          3            9        6.00                 1.68           

                         Total                      2            9        5.66                 1.65     

 

Education         Adopter                  0         10       1.86                  2.38              -2.27**     

                          Non-adopter          0          8        1.10                  2.04 

                          Total                      0         10       1.48                  2.21     

 

Source: Own survey result, 2018 

 

Sex of the household  

From the total 204 sample respondents 150 (73.53%) were males and the rest 54 (26.47%) 

were females. More specifically, of the 147 adopters 110 (74.83 %) and 37 (25.17%) were 

males and females, respectively (see table 6). Similarly, from the 57 non-adopters 40 (70.21%) 

and 17 (29.79%) were males and females, respectively. 

Table 6: Sex of sample households by sorghum variety adoption 

 Sex of the HH head     Adopters         Non-adopters                    chi-square value 

                                     No       %          No            %           No        % 

 

 Male                            110     74.83     40          70.21        150      73.53             0.45 

 Female                         37      25.17     17           29.79        54       26.47 

 Total                            147     100        57           100          204     100 

                         

Source: Own survey result, 2018 

4.1.2. Resources owned by sample households 

Cultivated farm size and TLU 

Adequate size of land holding is a basic factor in the process of adoption of improved 

agricultural technologies. As elsewhere in Ethiopia, the farms in the study area are fragmented, 

small in size and scattered. The mean cultivated land holdings of adopters and non-adopters 

were 6.72 and 6.38 timad (one-fourth of a hectare) respectively. The maximum and minimum 

farm size of adopters was 3 and 12 timad respectively. The corresponding figure for non-



  

39 
 

adopters were 2.5 and 10.5 timad respectively. As shown in (table 7), an independent sample 

t-test revealed no statistically significant mean difference between adopters and non-adopters 

farm size. The mean livestock owned by sampled respondents in tropical livestock unit were 

6.16 and 5.74 for adopters and non-adopters respectively. However there was not significance 

mean difference of livestock holding among adopters and non-adopters (see table 7).  Adopters 

had a minimum and maximum of 2.1 and 11.2 livestock in tropical livestock unit. The 

corresponding figure for non-adopters was 1.13 and 12 in TLU.  

Table 7: Farm size and TLU of the respondents by adoption  

                     Category             Min            Max            Mean         Std. Dev.         t-value 

       

Farm size      Adopter               3                 12              6.72            1.85                -1.15 

                      Non-adopter        2.5              10.5           6.38           1.87 

 

TLU              Adopter                2.1               11.2           6.16            1.82              -1.38 

                      Non-adopter         1.13             12              5.74            2.26  

Source: Own survey result, 2018 

Irrigated land holdings- table 8 displayed that both adopters and non-adopters had minimum 

and maximum irrigated land of 0 and 3 timad respectively. Although not statistically 

significant both categories owned a mean irrigated land of 0.72 and 0.52 in that order.  

Proportion of sorghum area- the ratio of sorghum cultivated area to the total cultivated land 

was approximately similar for both adopters and non-adopters. Adopters had minimum and 

maximum sorghum area proportion of 0.3 and 0.85 respectively. Similarly non-adopters hold 

0.33 and 0.87 in that order.  

Table 8: Irrigated land and proportion of sorghum area by adoption status  

                             Category                   Min         Max          Mean        Std. Dev.      t-value       

Irrigated               Adopter                       0              3                0.72           0.81          -1.59                 

land                     Non-adopter                 0              3                0.52           0.76 

 

Proportion of      Adopter                        0.3           0.85           0.57           0.11         1.42 

sorghum area      Non-adopter                0.33          0.87           0.59           0.112                   

Source: Own survey result, 2018 
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4.1.3 Institutional variables 

Credit 

About 151 (74.02%) of the respondents were found to have access to credit. Particularly 122 

(80.79%) and 29 (19.21%) adopters and non-adopter farmers respectively were found to have 

access to credit. The remaining 25 (47.16%) of adopters and 28 (38.3%) of non-adopters had 

not used credit. A chi-square comparison between categories of adopters and non-adopters in 

terms of credit revealed that there is a systematic association between credit and adoption of 

improved sorghum variety. This implies that adopters significantly needed and had better 

access to credit service than non-adopters (see table 9). 

Table 9: Credit access of sampled respondents by improved sorghum adoption status 

Response          Adopter                Non-adopter                Total                    Chi-square 

Yes                    122 (80.79%)        29 (61.7%)        151 (74.02%)              22.03***               

No                      25 (47.16%)         28 (38.3%)         53 (25.98%)                  

Total                  147 (100%)           47 (100%)          204 (100%) 

Source: Own survey result, 2018 

Extension contact 

The minimum and maximum extension contact that the respondents have made with extension 

agents monthly was 0 and 3 respectively for both groups. On average adopters and non-

adopters had a monthly extension contact of 1.67 and 1.03 respectively. An independent 

sample t-test indicated that there was statistically significant mean difference between the two 

groups in terms of the number of extension contact in the study area (Table 10). 

Table 10: Monthly extension contacts of respondents 

Category            Min           Max           Mean                Std.Dev.             t-value   

Adopter                0                3               1.67                     0.77                -5.17*** 

Non-adopter         0                3                1.03                    0.84 

Source: Own survey result, 2018 
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More specifically from a total of 16 respondents, one from adopters and the remaining 15 from 

non-adopters, did not have any contact with extension agents. Whereas 101 farmers (72 

adopters and 29 non- adopters), 57 farmers (48 adopters and 9 non-adopters) and 30 farmers 

(26 adopters and 4 non-adopters) made once, two times and three times contact per month 

respectively. In general 146 adopters and 42 non-adopters had 1-3 extension contact monthly. 

    Extension contact per month   

 Categories  0 1 2 3 

Adopter   

Non-adopter   

Total  

1 

15 

16 

72 

29 

101 

48 

9 

57 

26 

4 

30 

Source: Own survey result, 2018 

With respect to the distance taken to travel from home to the nearest market place, sampled 

respondents had to travel 5.23 kilometer on average. Although not statistically significant 

adopters and non-adopters travelled an average of 5.22 and 5.25 kilometers respectively. 

Similarly sampled respondents travelled 4.78 kilometer on average to cover the distance 

between the residence and the FTC. More specifically adopters and non-adopters were 

obligated to travel 4.75 and 4.87 kilometers respectively to reach the FTC (Table 11).  

Table 11: Distance covered by sample respondents from their residence to FTC  

                                               Category             Mean             Std. Dev.       t-value 

Distance to main market        Adopter                4.8                   1.8            1.12 

                                               Non-adopter         5.12                 1.9 

                                                Total                    4.96                 1.85 

Distance to farmers’ training 

center                                              Adopter               4.48                 1.67           1.47 

                                                Non-adopter         4.86                1.76  

                                                 Total                    4.67                1.72                  

Source: Own survey result, 2018 
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 Farmers’ knowledge and information level about the existence and performance of new 

agricultural technologies could be developed through their participation in farm trial or field 

demonstrations. From the total of 204 respondents 145 (71.1%) farmers’ of which 109 adopters 

and 36 non-adopters participated in farm trial. On the other hand 59 farmers (28.9%) of which 

38 adopters and 21 non-adopters did not participate in such trials. However a chi-square 

comparison between adopters and non-adopters in terms of farm trial shows no systematic 

association (table 12). 

Table 12: On-farm trial of sample respondents by improved sorghum variety adoption  

Response           Adopter                   Non-adopter           Total                Chi-square 

Yes                    109(74.15%)           36(63.15%)           145(71.1%)          2.4                                                                  

No                      38(25.85%)             21(36.85%)            59(28.9%) 

Total                  147(100%)              57(100%)               204(100%) 

Source: Own survey result, 2018 

4.1.4 Socio-economic variable(s) 

Off-farm income: it was calculated by summing all income generated by sample households 

from income generating activities which are practiced by farmers during the off-season. This 

category of income was generated from hand craft activities, petty trade and daily labor. 

Adopters generated an annual minimum and maximum off-farm income of 100 and 1500 birr 

respectively. The corresponding figure for non-adopters was 258 and 1090 birr in that order.  

On average adopters and non-adopters generated 796.2 and 668.4 birr per annum respectively 

from off-farm activities. An independent sample t-test revealed that the mean difference of off-

farm income between the two groups was statistically significant at p < 0.01. 

Table 13: Off-farm income of sample households by adoption 

                                Category          Min        Max        Mean         Std. Dev.        t-value 

Off-farm income     Adopter           100          1500      796.2              221.34           -3.88*** 

                                Non-adopter     258        1090       668.4              181.1 

Source: Own survey result, 2018 
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Shortage of labor in the household 

Human labor in the household plays a great role in performing the vast proportion of 

agricultural activity especially in developing countries. Therefore shortage of labor in a given 

household hinders the efficiency of crop production. Among the respondents 39.45% and 

42.55% of adopters and non-adopters respectively faced labor shortage. As indicated in (table 

14), there is no systematic relationship between shortage of labor and adoption. The result 

shows that both categories have nearly equal problem of labor shortage that cannot affect 

adoption of improved sorghum variety in the study area. 

Table 14: Labor shortage by improved sorghum variety adoption  

Response            Adopter                 Non-adopter             Total                   Chi-square 

Yes                    70 (47.6%)           28 (49.12%)               98(48.03%)            0.037                       

No                      77(52.4%)            29(50.88%)                106(51.97%) 

Total                  147(100%)            57(100%)                   204(100%) 

Source: Own survey result, 2018 

Percentage of sorghum variety by sampled households: 

Among the three categories both (improved and local) category was chosen by the majority 

of the respondents (56.86%) and local variety only stands second (27.94%) followed by 

improved variety only (15.2%). 

Table 15: summary of the three sorghum categories desired by sample households. 

Sorghum varieties Frequency Percent 

Improved variety only 

Both improved and local varieties 

Local variety only 

Total  

31 

116 

57 

204 

15.2 

56.86 

27.94 

100 

Source: Own survey result, 2018 
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4.2. Econometric Model Results 

4.2.1. The logit model result 

Explanatory variables that are selected for the logistic model would be discussed based upon 

the model output. A total of 14 explanatory variables (4 dummy and 10 continuous) were used.  

The χ2 result shows that the parameters are significantly different from zero at P<0.01 for the 

adoption of improved sorghum variety.  

The multicollinearity problem was checked by using VIF (Variable Inflation Factor) for 

continuous variables and CC (Contingency Coefficient) for dummy variables and there is no 

series problem (appendix Table 1 & 2). The explanatory variables credit, extension contact, 

off-farm income, farm size and proportion of sorghum area were found to be significant. 

Except proportion of sorghum area all the significant variables affect adoption of improved 

sorghum variety as anticipated. The explanatory variables that significantly influence adoption 

of improved sorghum variety are discussed as follows. 

Credit: Having access to credit provides a means for farmers to purchase the required inputs 

to implement a new farm technology. It can solve problem of capital shortage for the 

investment and is expected to enhance adoption of improved sorghum variety. As expected, 

credit affects adoption of improved sorghum variety positively and significantly at P<0.01. It 

can be interpreted as the odds in favor of adopting improved sorghum variety increased by a 

factor of 3.36 for the farmers who received credit than farmers who doesn’t received credit, 

ceteris paribus. The result is in line with the findings of Kidane (2001) who studied the factors 

influencing the adoption of new wheat and maize varieties.   

Extension contact: Extension contact is considered as sources of information on farm 

innovation. This variable shows significant effect with positive sign as per the priori 

expectation at P<0.01. It is possibly reported as the odds in favor of adopting improved 

sorghum variety is increased by a factor of 2.24 for those farmers who have a frequent 

extension contact with extension agents. Keeping other variables constant, the positive effect 

of extension contact on the adoption of improved sorghum variety indicates that farmers who 

have regular contact with extension personnel tend to adopt improved sorghum variety than 

those who have less extension contact. The possible explanation could be that a frequent 
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contact facilitates the flow of new ideas between the extension agent and the farmer thus giving 

a room for adoption. The result is in agreement with Melaku (2005) and Belets & Berhanu 

(2014). 

Proportion of sorghum farm: Being the fraction of sorghum area from the total cultivated 

land, proportion of sorghum area affects adoption of improved sorghum variety significantly 

and negatively at less than 5% probability level. The odds in favor of adopting improved 

sorghum variety decreased by a factor of 0.022 for farmers who had more proportion of 

sorghum area. This implies that the more proportion of sorghum land the farmer owns, the 

result could be local variety of sorghum to be planted on that farm land such that other variables 

in the model remains constant. The possible explanation is that it is a small fraction of land 

that can easily be managed and operated so that improved sorghum variety can be adopted. 

Moreover, almost all farmers in the study area practiced subsistent agriculture; thus they did 

not have enough money to purchase improved agricultural technologies such as improved seed 

and chemical fertilizer for harvesting improved sorghum variety on the large scale. Therefore 

they obligated to grow local variety of sorghum instead. 

Farm size: Cultivated farm size owned by households affect adoption of improved sorghum 

variety significantly and positively at less than 5% probability level. Keeping other variables 

constant, as the cultivated farm size of the farmers’ increased by a unit (timad in this case), the 

odds in favor of adopting improved sorghum variety increased by a factor of 1.26. This result 

was in line with the prior expectation of the study. In many empirical studies, it has been noted 

that adequate size of land holding is the basic requirement for adoption of improved 

technologies. The possible reason could be that the larger the farm size the farmer has, the 

better his risk bearing ability and the higher the probability to adopt improved sorghum. The 

result coincides with Endrias (2003) finding who studied the adoption of improved potato 

varieties. 

Off-farm income: Participation of households in off-farm activities provide cash for purchase 

of inputs such as improved seeds. This variable affects the probability of adoption of improved 

sorghum significantly and positively at less than 5% probability level. The odds in favor of 

adopting improved sorghum raised by a factor of 1.002 as households’ off-farm income 

increased by one birr, ceteris paribus. Additional income earned from non-agricultural 
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activities outside the farm increases the farmers’ financial capacity and increases the 

probability of investing on new technologies. Techane (2006) reported that off-farm income 

exerts a positive influence on adoption of improved technologies.  

Table 16: Logistic regression for factors affecting adoption of improved sorghum variety  

 

 

Source: model output, 2018, *** and ** represents significance level at 1% and 5% 

respectively. 

LR chi2 (14)   = 59.98 indicates that the 14 variables included in the model are important 

determinants of adoption and the pseudo R2 value lying between 0 and 1 indicates the fit of 

the model.  

Hypothesis tests 

Null hypothesis: All coefficients except that of the intercept are equal to zero.  

Variables  Odds ratio  Robust 

Std. Error 
Z- value p > |z|           

Sex 

age 

credit 

extncota 

offfainc 

farmsize 

TLU 

distFTC 

labsupp 

EDU 

famsize 

onfatri 

distmkt  

propsorgarea 

constant 

0.862 

0.971 

3.365 

2.246 

1.002 

1.264 

1.11 

0.965 

0.627 

0.902 

0.803 

0.843 

0.948 

0.022 

3.799 

 0.328 

 0.018 

 1.559 

 0.769 

 0.001 

 0.134 

 0.103 

 0.119 

 0.238 

 0.112 

 0.111 

 0.368 

 0.101 

 0.033 

 7.92 

-0.39 

-1.53 

 2.62 

 2.36 

 2.55 

 2.21 

 0.59 

-0.29 

-1.23 

-1.82 

-1.59 

-0.39 

-0.49 

-2.55 

 0.64 

0.697 

0.126 

0.009*** 

0.018** 

0.011** 

0.027** 

0.555 

0.775 

0.220 

0.410 

0.112 

0.696 

0.623 

0.011** 

0.522 

  Number of obs   = 204                                     Wald chi2 (14)   = 59.98 

                                                                            Prob > chi2       = 0.0002 

  Log likelihood = -90.860883                            Pseudo R2        = 0.2481 
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In the regression result above: Wald chi2 (14) = 59.98 and Prob > chi2 = 0.0002 

Interpretation: The hypothesis that all coefficients are equal to zero can be rejected at 1 

percent significance level. 

4.2.2 The multinomial probit model result 

A total of 15 explanatory variables, of which 11 are continuous and 4 dummy variables were 

included in the multinomial probit model for analysis. The existence of multicollinearity 

among the explanatory variables was checked before running the model. Consequently 

variance inflation factor (VIF) and contingency coefficient (CC) for continuous and dummy 

variables respectively were analyzed and revealed no series multicollinearity among the 

explanatory variables (appendix table 1 and 2). 

The results from the MNP model used to examine factors influencing the choice of different 

sorghum varieties are presented in the following consecutive tables. Table 17 showed the 

estimated coefficients of the multinomial probit model. The marginal effects of the explanatory 

variables were depicted in table 18. The Wald chi-square value of 59.03 with p-value of 0.0012 

indicates that the model is appropriate for the sampled data.   

Local variety of sorghum was set as the reference category. Therefore the result was discussed 

by comparing improved variety with local variety and the combination of the two with local 

variety. The coefficients of the multinomial probit model indicates only the direction of change 

of the dependent variable. It is the marginal effect that shows the effect of independent 

variables on the dependent variables (Table 18).  

According to (Table 17) the explanatory variables that significantly affect the choice of 

sorghum varieties were credit, cultivated farm size, extension contact, off-farm income, 

proportion of sorghum area, irrigated land, age and shortage of labor.  
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Table 17: The estimated coefficients of the multinomial probit model              

Explanatory variables             improved variety only               both improved and local 

                                            Coeff.            Std.           P-          Coeff.        Std.             P- 

                                                                  Error        value                        Error         value 

Sex                                            0.122       0.4615       0.979       -0.182      0.351      0.604     

Age                                          -0.061      0.0301       0.043**   -0.019       0.018      0.290 

Credit                                       1.291       0.5255       0.014**     1.061       0.355     0.003*** 

Extension contact                     0.625      0.2644       0.018**     0.485       0.218      0.026**                                

Off-farm income                      0.001       0.0011       0.084*       0.002       0.001      0.033**                        

Farm size                                  0.039       0.1165      0.735         0.196       0.086      0.023** 

TLU                                          0.105       0.1012      0.298          0.044       0.077     0.567 

Distance to FTC                      -0.038       0.1203      0.752         -0.059       0.094     0.523 

Shortage of labor                     -1.880       0.4288      0.040**    -0.256        0.322     0.426                                                     

Education                                -0.067       0.1126      0.551         -0.121       0.093     0.196 

Family size                              -0.090       0.1676      0.591        -0.176        0.121     0.146 

Participation in farm trial        - 0.013      0.4991      0.979         0.177        0.360     0.622 

Irrigated land                             0.480      0.2493      0.054*       0.091       0.201      0.652        

Distance to the market            -0.151       0.1075      0.158        -0.025       0.083      0.755 

Proportion of sorghum area    -3.321       1.7845       0.063*      -3.384      1.401     0.016**              

Constant                                   1.696       2.3556        0.472        1.204      1.844      0.514 

Number of obs     =     204                         Wald chi2 (30)   = 59.03 

Log likelihood = -156.34808                      Prob > chi2       = 0.0012 

                         

Source: model output, 2018, *, ** and *** represents significance level at 10%, 5% and 1% 

respectively.      Note: local variety of sorghum is the reference category 

Credit is significant and positively affects the probability of farmers’ choice of improved 

variety of sorghum as well as the combination of local and improved varieties of sorghum than 

local variety of sorghum at less than 5% and 1% probability level respectively. It could be 

better expressed as, credit user households were associated with the increase in the probability 

of choosing either improved variety or the combination of the two by 7.8% and 20.6% 
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respectively than local variety of sorghum as compared to non-credit users, keeping other 

variables constant. The possible explanation would be having access to credit provides a means 

for farmers to purchase the required inputs so that they can implement a new farm technology. 

Therefore it seems that timely access and use of credit service paves the way for farmers to 

prefer either improved variety or the combination of the two sorghum varieties. The result is 

in agreement with Fisher and Carr (2015) who studied the influence of gendered roles and 

responsibilities on the adoption of drought-tolerant maize seed in eastern Uganda. 

 Similarly extension contact affects farmers’ probability of choosing local variety of sorghum 

and the combination of the two positively and significantly at p < 0.05. Farmers who had a 

frequent extension contact with extension personnel were more likely to prefer either improved 

variety of sorghum or the combination of the two than local variety of sorghum. More 

specifically, the probability that farmers with more extension contact would prefer improved 

variety and the combination of the two increased by 4.4% and 7.7% respectively over  the local 

sorghum variety, ceteris paribus. The explanation is that extension efforts increase the probably 

of new technology by increasing the stock of information relating to modern production 

increment. The result is consistent with a recent study by Mmbando and Baiyegunhi (2016) 

who studied the socio-economic and institutional factors influencing adoption of improved 

maize varieties in Tanzania.   

            Age is significant and negatively affects the probability of a farmer’s decision to cultivate 

improved sorghum variety. This implies that older farmers usually prefer to grow only the local 

variety of sorghum. Keeping other variables in the model constant, the probability that aged 

farmers would prefer improved sorghum variety decreased by 0.68%. The inverse relationship 

between age and adoption of improved variety can be attributed to the fact that older farmers 

are used to their conventional ways of farming and usually find it difficult to switch, unlike 

young people who are associated with a higher risk-taking behavior. The result is in agreement 

with Danso-Abbeam et al., (2017) that studies on adoption of improved maize variety among 

farm households in the northern region of Ghana. 

Proportion of sorghum area: In contrary to the prior expectation, proportion of sorghum area 

affects the choice of only improved variety of sorghum and the combination of the two 

significantly and negatively at less than 10% and 5% probability level respectively. The 
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probability that those farmers whose land in proportion is mostly left for sorghum production 

results reduction in the likelihood of cultivating either improved variety or the combination of 

the two by 15.6% and 64.2% respectively as compared to the local variety. In particular 

households with relatively large proportion of sorghum area were more likely to choose local 

variety of sorghum over improved variety or the combination of the two, keeping other 

variables constant. The possible explanation is that majority of the farmers in the study area 

were subsistence resulting their inability to purchase improved technologies. Consequently 

farmers’ of such classes could not have a chance to adopt and implement improved sorghum 

varieties on their slightly large proportion of sorghum area. Instead those farmers who practices 

subsistence agriculture would adopt and produce local sorghum variety due to the fact that 

local sorghum variety can be cultivated in a traditional manner. 

Irrigated land: As anticipated irrigated land affects adoption of improved variety of sorghum 

significantly and positively at p < 0.05. Those households who owned more irrigated land were 

associated with the increase in the probability of cultivating improved variety of sorghum by 

6 percentage points as compared to local sorghum variety, ceteris paribus. This is due to the 

fact that the early maturing nature of improved sorghum varieties would be more suitable to 

fit to the crop rotation system that farmers might exercise in their irrigated farms. 

Shortage of labor: As per the prior expectation shortage of labor affects the adoption of 

improved variety of sorghum significantly and negatively at less than 5% probability level. 

Keeping other variables in the model constant, farmers who faced the problem of labor 

shortage would result in the probability of reducing adoption of improved sorghum variety by 

10.1% as compared to the local variety of sorghum. This is because production of improved 

variety of sorghum requires sufficient labor supply for the application of different inputs like 

fertilizer, pesticides and weed control measures. 

Farm size: Results show that farm size has a significant and positive association with the 

probability of adopting the combination of both local and improved variety of sorghum as 

compared to only local variety of sorghum.  The results further show that if the land  size of 

the households increases by one unit (in timad),  the likelihood of  planting the combination of 

the two increased by 5.2%, ceteris paribus. A possible reason for this could be that farmers 

with a larger size of cultivated land might have a chance to plant both varieties as there was 
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not a problem of land shortage. Theory suggests that households with larger farms have more 

land to allocate to the improved technologies (Feder and Slade, 1984).   

Off-farm income: had significant and positive effect on the likelihood of planting improved 

variety of sorghum and the combination of the two as compared to local variety of sorghum. 

An increase in the households’ off-farm income by one birr is associated with the increase in 

the likelihood of cultivating improved variety of sorghum and the combination of the two by 

0.011% and 0.031% respectively as compared to local variety of sorghum, ceteris paribus. The 

possible explanation might be that farmers with more off-farm income can easily purchase 

improved agricultural technologies. The study by Diiro (2013) on impact of off-farm income 

on agricultural technology adoption intensity and productivity was in agreement with this 

study.     

 Table 18: Marginal effects of the multinomial probit model 

Explanatory variables                     improved variety only               both improved and local   

Sex                                                          0.01872                                          -0.05205 

Age                                                        -0.00689**                                       0.00018 

Credit                                                      0.07885**                                       0.20667*** 

Extension contact                                   0.04394**                                        0.07799** 

Off-farm income                                     0.00011*                                         0.00031**                                                            

Farm size                                               -0.01302                                           0.05189** 

TLU                                                        0.01094                                           0.00260 

Distance to FTC                                      0.00022                                          -0.01336 

Shortage of labor                                   -0.10158**                                       0.01079 

Education                                                0.00185                                          -0.02791 

Family size                                              0.00381                                          -0.04143 

Participation in off-farm trial                  0.01490                                          -0.04862 

Irrigated land                                           0.06057*                                       -0.02000                                                                      

Distance to the nearest market               -0.01941                                           0.00710                           

Proportion of sorghum area                   -0.15640*                                        -0.64289** 

Source: model output, 2018 
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5. CONCLUSIONS AND RECOMMENDATIONS 

Results of descriptive statistics revealed that of the total sample households interviewed 

147(72.1%) and 57(27.9) were adopters and non-adopters of improved sorghum variety 

respectively. Adopters as compared to non-adopters were characterized by better access to 

credit, better education level, smaller family size, higher ownership of irrigated land and better 

off-farm income. In respect to distance from FTC to their residence, adopters travel relatively 

smaller distance as compared to their counterparts. Moreover higher proportion of adopters 

(74.15%) as compared to relatively smaller proportion of non-adopters (63.15%) participate in 

on-farm trials. In addition to this adopters contacted extension agents more frequently (about 

1.67 times a month) than did the non-adopters (only 1.03 times a month), and they are situated 

near to market places than non-adopters. 

The logit model result revealed that respondents access to credit significantly and positively 

affect adoption of improved sorghum varieties. This means that timely availability of credit 

paves the way for those credit user farmers to purchase the essential improved technologies. 

The study therefore indicates that adoption of improved sorghum varieties is easier for those 

respondents who had credit access. Consequently, credit service must be offered to adopters in 

order to intensify the technology and counsel the development of rural micro-finance to 

provide credit at reasonable terms of repayment and interest rate. 

Similarly the effect of extension contact on adoption of improved sorghum variety was 

significant and positive. This indicates that frequent contact of farmers with extension 

personnel could raise farmers’ information regarding the improved technology. Therefore, 

emphasis should be given to assign sufficient number of development agents that are fitted out 

with knowledge and skills so that farmers can access support that help them to scale up their 

knowledge towards enhancing their creativity and productivity.   

The logit model result also displayed that off-farm income of the respondents affect the 

adoption of improved sorghum significantly and positively. That is involvement of farmers in 

off-farm activity provide cash for the purchase of inputs which increases the probability of 

farmers’ in investing on new technology. Thus, priority must be given for other off-farm 

activities involved farmers to adopt rapidly in which they have financial capacity; and the 
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limited resources that were utilized by other off-farm activities should be redirected to 

improved sorghum production expansion activities. 

Cultivated farm size also affects the adoption of improved sorghum variety significantly and 

positively at less than 5% probability level. Farmers with large cultivated land would raise the 

actual sorghum variety utilization. Moreover ownership of large tracts of land can facilitate 

experimentation with new agricultural technologies, and also determine the speed of adoption 

as large land owners are more likely to be the early adopters.  As a result, it is more likely to 

increase adoption level of improved sorghum varieties for farmers’ of large cultivated land 

owners by making better access to improved seeds.  

 On the other hand proportion of sorghum area affects adoption of improved sorghum variety 

significantly and negatively. This implies that as farmers give more focus to sorghum 

production than to other crops they tend to grow more of the local varieties than improved 

ones. This is because such small holder farmers cannot cultivate improved sorghum varieties 

on a larger scale due to shortage of essential inputs.  Therefore it is better to disseminate 

improved variety of sorghum for those farmer groups with small proportion of sorghum land.   

 The results of multinomial probit model revealed that credit access significantly and positively 

influence the choice of improved sorghum variety and the combination of both improved and 

local varieties. The result suggested that credit is the important variable in shaping farmers’ 

choice towards improved variety as well as the combination of both improved and local 

varieties of sorghum. Therefore any development intervention in the study area had better to 

focus on the dissemination of improved variety and the combination of both improved and 

local variety of sorghum for those credit user households. 

Similarly extension contact affects the choice of improved variety of sorghum and the 

combination of the two significantly and positively relative to local variety of sorghum. For 

that reason extension agents should be strengthened and more emphasis should be placed on 

more involvement of extension services in promoting the combination of both improved and 

local sorghum varieties as well as improved variety only to the farming communities. This 

involvement could include effective provision of appropriate information concerning the 

distribution of these sorghum varieties. Moreover the extension service needs to redesign a 
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cost effective way of reaching smallholder farmers who are located in remote areas. For 

efficient functioning of the extension service, there should be a continuous policy and funding 

support from the policy makers and the government 

In the same way, off-farm income of the households influences the choice of improved variety 

of sorghum and the combination of the two significantly and positively as compared to local 

variety of sorghum. This implies that those farmers with better off-farm income tend to prefer 

improved variety of sorghum as well as the combination of the two as compared to only the 

local variety. Likewise, farm size had a positive and significant effect on the probability of 

cultivating the combination of the two as compared to the local variety of sorghum.  

The result also suggested that shortage of labor in the farming household affects the choice of 

improved variety of sorghum negatively and significantly as compared with the local variety. 

That is, respondents with the problem of labor shortage had a habit to prefer local variety of 

sorghum as there was not timely availability of labor to produce improved varieties only. 

Therefore in the short run,  any development agent should focus on the dissemination of local 

sorghum varieties for those specific farmer groups and in the long run, labor saving 

technologies along with of improved sorghum variety should have to be supplied to those 

particular farmers. 

On the other hand irrigated land influences the choice of only improved variety of sorghum 

positively and significantly as compared to the local variety of sorghum. Therefore the 

concerned body had better to expand irrigation schemes along with disseminating improved 

variety of sorghum. 

Proportion of sorghum area affects the choice of only improved variety of sorghum and the 

combination of the two negatively and significantly as compared to local variety of sorghum. 

This implies that as farmers grow more sorghum on their farm land they tend to grow more 

local varieties than improved varieties. This might be due to the fact that smallholder farmers 

couldn’t intensify improved varieties of sorghum on a larger scale. Thus in the long run, it is 

more likely to increase adoption level of improved sorghum varieties and in the short run, it is 

better to target smallholder farmers in technology outreach programs along with growing the 

local variety. 



  

55 
 

REFERENCES 

Akinola, A.A. (1987). "An Application of Probit Analysis to the Adoption of Tractor Hiring Service 

Scheme in Nigeria." Oxford Agrarian Studies 16(1): 70-82. 

 Aldrich, J.H. & Nelson, F.D. (1984). Linear probability, logit and probit model: quantitative 

application in the social science-sera miller McCun, sage pub.Inc, University of Minnesota 

and Iola, London. 

Aldrich, P.R., Doebley, J., Schertz, K.F., Stec, A. (1992). Patterns of allozyme variation in cultivated 

and wild Sorghum bicolor. Theoretical and Applied Genetics 85:451–60. 

Amsalu, A. Endashaw, B. & Bryngelsson, T. (2001). Genetic variation in wild sorghum (Sorghum 

bicolor ssp. Verticilliflorum (L.) Moench) germ plasm from Ethiopia assessed by random 

amplified polymorphic DNA (RAPD). Hereditas 132: 249-254. 

 Asfaw, A. (2007). Assessment of yield stability in sorghum. African Crop Science Journal, 15: 83- 

92. 

Bayissa, G. (2010). Adoption of improved sesame varieties in Meisso district, West Hararghe Zone.  

An M.sc Thesis.  Haramaya University, Ethiopia.  

Bekabil, F. & R.M. Hassan. (2006). Determinants of fertilizer use on maize in Eastern Ethiopia: a 

weighted endogenous sampling analysis of the extent and intensity of adoption. Agrekon. 

45(1): 39-46.   

Belay, W. (2017). Determinants of adoption of improved wheat technology: the case of Gozzamen 

district, East Gojjam in Amhara Regional State, Ethiopia. 

Belets, G. (2012). Analysis of improved box hive technology adoption by smallholder farmers in 

Ahferom woreda, central zone of Tigray region. An M.sc Thesis. Haramaya University, 

Ethiopia. 

 Belets, G. & Berhanu, G. (2014). Adoption of improved box hive technology: Analysis of smallholder 

farmers in Northern Ethiopia.  



  

56 
 

  Berhanu, A. (2006). Effective aid for small farmers in Sub-saharan Africa: Ethiopia case study, 

submitted to Canadian Food Security Policy Group. Southern Civil Society Perspectives. 

Accessed on 7/21/13. 

 Berhanu, B. (2002). Analysis of factors affecting the adoption of cross bred dairy cows in the Central 

highlands of Ethiopia. An M.sc Thesis.  Alemaya University, Ethiopia. 

 Byerlee, D. & Hosse de Polanco, E. (1986). Farmers’ stepwise adoption of technological packages: 

Evidence from the Mexican Altiplano. American Journal of Agricultural Economics. 68: 519-

527. 

Central Statistical Authority. (2005). Agricultural Sample Survey. Volume IV. Report on land 

utilization.  

Central Statistical Agency of Ethiopia. (2010). Report on Area and Production of Major Crops, 

Agricultural Sample Survey 2009/10 (2002 E.C.) Volume I (Private Peasant Holdings, Meher 

Season). 

Central Statistical Agency for Ethiopia. (2012).  Report on Area and Production of Major Crops, 

Agricultural Sample Survey 2011 / 2012 (2004 E.C.) Volume I (Private Peasant Holdings, 

Meher Season). 

 Central Statistical Agency of Ethiopia. (2016). Report on Area and Production of Major Crops, 

Agricultural Sample Survey 2015/16 (2008 E.C) Volume V (Private Peasant Holdings Belg 

Season).  

Central Statistical Agency of Ethiopia. (2016/17). Report on area and production of major crops, 

agricultural sample survey 2016/17(2009 E.C) volume I (private peasant holdings, meher 

season).  

 Central Statistical Agency of Ethiopia. (2017). Population Projection of Ethiopia for All Regions at 

Woreda Level from 2014 – 2017. 

 Danso, A. et al. (2017). Adoption of improved maize variety among farm households in the northern 

region of Ghana. 



  

57 
 

 Dasgupta, S. (1989). Diffusion of Agricultural Innovations in Village India. Wiley Eastern. Ltd. Com., 

New Delhi, India. 193p.  

Demissew & Tesfaye. (2014). Value chain study on sorghum in Ethiopia.   

David, W. & Stanley, L. (2000). Applied logistic regression: 2nd edition. University of Massachusetts 

and Ohio state university.  

 Dereje, H. (2006). Assessment of farmers’ evaluation criteria and adoption of improved bread wheat 

varieties in Akaki, central Ethiopia.   

De Wet, J.M.J. (1978). Systematics and evolution of sorghum sect. Sorghum (Gramineae). American 

Journal of Botany 65: 477-484.  

Diiro, G. (2013). Impact of off-farm income on agricultural technology adoption intensity and 

productivity: Evidence from rural maize farmers in Uganda, Uganda Support Programme 

IFPRI Working Papers (vol. 11). 

 Doss, C. R., & M. L. Morris. (2000). How Does Gender Affect the Adoption of Agricultural 

Innovations? Agricultural Economics 25(1): 27-39.  

Endrias, G. (2003). Adoption of Improved Potato Varieties in Boloso Sore District, Southern Ethiopia.  

M.Sc. Thesis. Haramaya University, Ethiopia. 92p.  

Ermias, T. (2013). Adoption of improved sorghum varieties and farmers’ varietal trait preference in 

kobo district, north Wolo zone. M.Sc. Thesis. Haramaya University, Ethiopia.  

Ethiopian Agricultural Research Organization. (2000). Ethiopian Sorghum and Millet Research 

Strategy Document. 

Etoundi, S. M. N., & Dia, B. K. (2008). Determinants of the adoption of improved varieties of maize 

in Cameroon: Case of CMS 8704. Proceedings of the African Economic Conference, 2008, 

397–413. 

 Food and Agriculture Organization. (2005). FAO STAT statistical data base for Agriculture. 

 Food and Agricultural Organization. (2011). Annual report. Addis Ababa, Ethiopia. 



  

58 
 

Feder, G., Just, R.E., & Zilberman, D. (1985). "Adoption of Agricultural Innovations in Developing 

Countries: A Survey." Economic Development and Cultural Change 33(2): 255-298. 

 Feder, G. & R. Slade. (1984).The Acquisition of Information and the Adoption of New Technology. 

American Journal of Agricultural Economics 66(3): 312-320.  

Fisher, M., & Carr, E. R. (2015). The influence of gendered roles and responsibilities on the adoption 

of technologies that mitigate drought risk: The case of drought-tolerant maize seed in eastern 

Uganda. Global Environmental Change, 35, 82–92. 

 Gerald Ortmann et.al (2012). Ex-Ante Adoption of New Cooking Banana (Matooke) Hybrids in 

Uganda. 

 Green, H. (1991). Econometrics analysis. New York University, Macmillan publishing company, 

New York.  

Greene, H.  W. (2000). Econometric Analysis. Fourth edition ed. Upper Saddle River, NJ: Prentice 

Hall. 

Gujarati, D.N. (1995). “Basic Economics, 3rd edition”. McGraw-Hill,Inc: Newyork 

Habtemariam, A. (2004). The comparative Influence of Intervening variable in the adoption of Maize 

and Dairy Farmers in Shashemene and Debrezieit, Ethiopia. PhD Thesis, University of 

Pretoria, South Africa.  

Haji, B. (2003). Adoption of Crossbred Dairy Cows in Arsi Zone: The Case of Tiyo and Lemu-Bilbilo 

Woredas. Alemaya University, Ethiopia.  

 Hailu, B. (2008). Adoption of improved teff and wheat production technologies in crop livestock mixed 

systems in Northern and Western Shewa Zones of Ethiopia. A Phd. Dissertation at university 

of Pretoria, South Africa. 

Hausman, J., & D. McFadden. (1984). Specification tests for the multinomial logit model. 

Econometrics. 52(5): 1219-1240. 

 Healy, F.J. (1984). Statistics: A Tool for Social Research. California, USA: Wadsworth Publishing 

Company.  



  

59 
 

Hosmer, D. W. & Lemeshow, S. (2000). Applied Logistic Regression, 2nd edn. New York: Wiley. 

 Igodan, C. O., P. E. Ohaji & J. A. Ekpere. (1988). Factors associated with the adoption of 

recommended practice for maize production in the Kainji Lake Basin of Nigeria. Agricultural 

Administration and Extension. 29: 149-156.  

International Food Policy Research Institute. (2015). Addis Ababa, Ethiopia: Woreda-Level Crop 

Production Rankings in Ethiopia: A Pooled Data Approach. 

 Jebessa, T. (2008). Determinants of adoption of improved poultry breeds by smallholder farmers: in 

the case of Sebeta Hawas district of South West Shewa zone, Oromia Region. M.Sc. Thesis, 

Haramaya University, Ethiopia. 

Kidane, G. (2001). Factor Influencing the Adoption of New Wheat and Maize Varieties in Tigray. An. 

M.Sc. Haramaya University, Ethiopia.  

Kleinbaum, D.G. & Klein, M. (2010), Logistic Regression: A Self-Learning Text, 3rd Edition, 

Springer. 

 Laidlaw, H.K.C. & Godwin, I.D. (2008). Sorghum. In: Kole, C. and Hall, T.C. (eds.) Compendium 

of Transgenic Crop Plants: Transgenic Cereals and Forage Grasses. Blackwell                          

Publishing, Oxford, UK. pp 157-176.  

Loevisohn, M., Sumberg, J. and Diagne, A. (2012). Under what circumstances and conditions does 

adoption of technology result in increased Agriculture productivity? London: EPPI Center, 

Social Science Research Unit, Institute of Education, University of London. 

Maddala, G. S. (1977). Econometrics. Singapore, McGrow-Hill Book Co. 

 Maddala, G.S. (1983). Limited dependent and qualitative variables in econometrics. Cambridge 

university press. 

Maddala, G.S. (1985). Limited dependent and qualitative variables in econometrics. Econometric 

Society Monograph No. 3. pp. 151-160. Cambridge, UK. Cambridge University Press.  

Maddala, G.S. (1992). Introduction to econometrics. 2nd edition. New York, USA: Macmillan. 631p. 



  

60 
 

 Mahdi, E. (2005). Farmers’ evaluation, adoption and sustainable use of improved sorghum varieties 

in Jijiga woreda, Ethiopia. MSc Thesis.  M.Sc. Thesis presented to the School of Graduate 

Studies of Haramaya University, Ethiopia. 

Mahdi, E. P. Tongdeelert, S. Rangsipaht & S. Tudsri. (2012). Factors affecting the adoption of 

improved sorghum varieties in Awbare district of Somali regional state, Ethiopia. Kasetsart J. 

(Soc. Sci). 33: 152 -160.  

McFadden, D. (1981). Econometric Models of Probabilistic Choice, in C. Manski, and D. McFadden 

(eds.), Structural Analysis of Discrete Data with Econometric Applications. Cambridge, MA: 

MIT. Press, 198–272.   

 McGuire, (2005). Getting genes: Rethinking seed system analysis and reform for sorghum in Ethiopia. 

PhD. Dissertation, Wageningen, University, Wageningen.  

Mekbib, F.C, Farley. (2000). Participatory research for improved agro-ecosystems management in 

eastern Ethiopia, Alemaya wereda, Alemaya University, Research Report Series No.2. 

 Melaku, G. (2005). Adoption and profitability of Kenyan Top-Bar hive beekeeping technology: a 

study in Ambasel Woreda, Ethiopia. M.Sc. Thesis, Alemaya University, Ethiopia. 

 Mesfin, A. (2005). Analysis of factors Influencing Adoption of Triticale and its Impact. The case of 

Farta Woreda. Msc. Thesis Presented to School of Graduate Studies of Alemaya University. 

 Million, T., & Belay, K. (2004). Determinants of fertilizer use in Gununo area, Ethiopia. In 

agricultural technology evaluation, adoption and marketing. Proceedings of the Workshop 

Held to Discuss the Socio-economic Results of 1998-2002 from August 6-8, 2002. Ethiopian 

Agricultural Research Organization, Addis Ababa.  

Mmbando, F. E., & Baiyegunhi, L. J. (2016). Socio-economic and institutional factors influencing 

adoption of improved maize varieties in Hai District, Tanzania. Journal of Human Ecology, 

53(1), 49–56.  

Ministry of Finance and Economic Development. (2013). National Economic Accounts Statistics of 

Ethiopia. 



  

61 
 

 Ministry of Finance and Economic Development. (2010). Growth and Transformation Plan (GTP), 

Addis Ababa: Ethiopia. Available at: Ministry of Finance and Economic Development 

(MoFED). 

 Mosher, T. A. (1979). An Introduction to Agricultural Extension. Singapore University Press for the 

Agricultural Development Council. 

Mulugeta, T. (2002). Determinants of household food security in Eastern Oromia, Ethiopia: The case 

of Boke District of Western Harerghe Zone. An M.sc Thesis. Haramaya University, Ethiopia. 

 Njane, P. (2007). Determinants of adoption of improved wheat varieties and fertilizer use by 

smallholder farmers in Njoro and Kieni West, divisions, Kenya. 

 Palmer, G.H. (1992).  Sorghum-food beverage and brewing potentials Process Biochem.  27, 145-

153.  

Park, HA. (2013). An introduction to logistic regression: From basic concepts to interpretation with 

particular attention to nursing domain, journal of Korean academy of nursing, 43(2), pp. 154–

164. 

  Rashid. (2010). The cereal availability in Ethiopia, 2007/2008. A study in the support of the mars 

food action of the European Union Addis Ababa.  

 Rogers, E.M. (1962). Diffusion of Innovation. The Free Press of Glencone. 

 Rogers, E.M. (1983). Diffusion of innovations. New York, USA: The Free Press. 

 Serna-Saldivar, S. & L. Rooney. (1995). Structure and chemistry of sorghum and millets. In Dendy 

Dave (ed.) Sorghum and millets, chemistry and technology pp. 69–124. St Paul, MN: American 

Association of Cereal Chemists. 

 Sinafikish, A. (2008). Economic Analysis of farmers’ preference for crop variety traits using a choice 

experiment approach: lessons for on-farm conservation and technology adoption in Ethiopia, 

an M.sc thesis submitted to Addis Ababa University, Addis Ababa, Ethiopia. 

 



  

62 
 

Sleper DA, Poehlman. (2003). Breeding field crops Blackwell Publishing. 

 Smith. C.W. & R.A. Frederiksen. (2000). Sorghum: origin, history, technology, and production. New 

York, USA: NY: John Wiley and Sons. 824p. 

Solomon, A., Bekele, S., Franklin, S. & Mekbib, G. (2011). Agricultural technology adoption, seed 

access constraints and commercialization in Ethiopia. Journal of Development and 

Agricultural Economics. 3(9): 436-447.  

Techane, A. (2002). Determinants of fertilizer adoption in Ethiopia. The Case of Major Cereal 

producing Areas.  M.Sc. Thesis Presented to School of Graduate Studies of Alemaya 

University. 92 p.  

Teferi, W. (2003). Trends in and determinants of fertilizer use in Gozamin District, Amhara Region. 

M.Sc. Thesis. Alemaya University, Ethiopia. 

Tesfaye, T., Kapran, I., Grenier, C., Snow, A.A., Sweeney, P., Pedersen, J., … Gebisa E. (2008). The 

potential for crop-to-wild gene flow in sorghum in Ethiopia and Niger: a geographic survey. 

Crop Science 48: 1425–1431.  

Train, K. (2003). Discrete Choice Methods with Simulation, Cambridge: Cambridge 

            University Press. 

United States Agency for International Development. (2012). Agricultural Growth Program 

Agribusiness and Market Development (AGP-AMDe) Project. Submitted by ACDI/VOCA to 

Contracting Officer’s Representative Tewodros Yeshiwork, USAID Ethiopia.  

World Bank. (2007). Development indicators, available at http://web.worldbank.org. Accessed on 

July 18, 2012. 

 World Bank (2008). Awakening Africa’s sleeping giant: Prospects for commercial agriculture south 

of the Sahara, Agriculture and Rural Development Unit, The World Bank, Washington, DC. 

(http://siteresources.worldbank.org/INTARD/Resources/sleeping_giant.pdf) Accessed on 

August 13, 2013).  



  

63 
 

Workneh, A. (2007). Determinants of adoption of improved box hive technology: a study in Atsbi-

Wemberta district of Eastern zone of Tigray region, Ethiopia. MSc. Thesis, Haramaya 

University, Ethiopia. 

 Yamane, T. (1967). Statistics, an introductory analysis, 2nd Ed., New York, USA: Harper and Row.  

Zavale, H., Mabaya, E.  & Christy, R. (2005). Adoption of Improved Maize Seed by Smallholder 

Farmers in Mozambique. SP 2005-03, Department of Applied Economic and Management, 

Cornell University, Ithaca, New York. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

64 
 

APPENDICES 

Appendix table 1: Multi-collinearity test result for continuous variables 

 

Variables 

Collinearity statistics 

Tolerance VIF 

Age 

Extension contact 

Off-farm income 

Farm size 

TLU 

Distance to FTC 

Education 

Family size 

Irrigated land 

Distance to the nearest market 

Proportion of sorghum area 

0.498 

0.762 

0.902 

0.875 

0.901 

0.874 

0.561 

0.590 

0.899 

0.900 

0.945 

2.014 

1.356 

1.116 

1.178 

1.111 

1.147 

1.788 

1.701 

1.107 

1.126 

1.068 

Source: model output, 2018 

Appendix table 2: Contingency coefficient for dummy variables  

                                   Sex                  Credit          Labor supply      On-farm trial   

 

Sex                       1                                                                                                                 

Credit                   0.1259            1 

Labor supply      -0.0235             0.1222              1 

On-farm trial       0.0584             0.0412              0.0507                 1 

Source: model output, 2018 
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Appendix table 3. Conversion factors used to calculate Tropical Livestock Units (TLU) 

        Animals                                                    TLU-equivalent 

          Calf                                                                  0.20  

         Heifer & Bull                                                    0.75 

         Cows & Oxen                                                   1.00  

         Camel                                                               1.25 

         Horse                                                                1.10 

         Donkey                                                              0.70 

         Ship & Goat                                                      0.13 

         Chicken/poultry                                                0.013 

Source: Strock et al., (1991) 

                                                          Appendix 4 

Structured Interview Scheduled for MSc Thesis 

 Survey quality control  

Date of interview: Date: …………………… Month…………………….Year: ................... 

Interviewed by........................................... 

Starting time: …………………… Ending time: …………………………  

Please confirm that the person you interview is the head of the household or that s/he is able 

to answer questions concerning the agricultural production and other household issues and 

explain the respondent that the questions are only for study purpose. 

1. Respondent and site identification 

1.1. Respondent’s name………………………………………… 
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1.2. Respondent’s sex           0 male            1 female 

1.3. Age of the respondent …………………. 

1.4. District ………………………….. KB/PA ……………………………  

Got……………………………………… 

1.5. Distance to agricultural field officer (DA)/FTC in km………… and/or hours 

……………… (1 hr. = 7km) 

1.6. Experience in own farming activities …………………………..years    

1.7. Experience in cultivating Sorghum…………………… years  

1.8. Distance to the nearest main market in km/hr.…..…………………  

1.9. Name of the nearest main market ……………………………….. 

 2. Household information  

2.1. Marital status: i. Single   ii. Married   iii.  Divorced   iv. Widow   

2.2. Family sizes in number: Male____ Female_____ Total_____ 

2.3. No of years of formal education______years  

2.4. Farm labor participation: 

 0. None   1. Full time     2. Part-time    3. Weekends and holidays    4. Other, please 

specify (how many active members i.e. 14-64?) 

2.5. Involvement of the household in off-farm activities:   0. No ______ 1. Yes______ 

2.6. If yes, who participates in off-farm activity? 

Name of the household member Number of days spent off-farm in a year 

  

  

 

2.7. What is the type of off-farm activity in which the household is involved in? 

1. Paid daily labor _______ 
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2. Petty trade ________ 

3. Handcraft ________ 

4. Other, specify _______________ 

2.8. Off-farm income in the last year 

Activity  Income  

Daily labor   

Petty trade   

Handcraft   

Remittance   

Gift   

Other specify   

Total   

 

2.9. Please fill the following table about land holdings during 2009 planting season in timad 

Land 

ownership 

Total area in 

timad 

Cultivated 

land in timad 

  Fallow land 

in timad 

Own     

Rented in    

Shared out    

Total     

 

2.10. Do you think that shortage of land is the major production constraint for you in sorghum 

production?    0) No          1) Yes 
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2.11. Do you think that Poor quality of land is the most important problem currently faced by 

the household in sorghum production?      0) No           1) Yes 

2.12. Do you think that shortage of labor is the major production constrain for sorghum 

production?        0) No           1) Yes 

2.13. If yes, for what specific activities do you encounter labor shortage? 

1= Cultivation of land               2= Weeding          5=Planting 

3= Crop harvest                        4 = Threshing        6= others (Specify) 

2.14. If yes, how did you overcome this labor shortage?  

1. Hiring labor 2. Labor pooling mechanism (Wenfel) 3. Others, specify____________ 

2.15. Do you think that Poor extension, input supply, and farm implements are the most 

important production constraint 0) No           1) Yes 

2.16. Do you think that natural factors (pests, disease, weather, and drought) as a production 

constraint 0) No           1) Yes 

3. Farm characteristics 

3.1. Land ownership: 1 Owned    2 Rented in    3 Shared in    4 Shared out    

             5 Other, specify…. 

3.2. Crop grown: 1=sorghum, 2= Millets, 3=Maize, 4=Haricot beans, 5= Teff   6= onion 7= 

Tomato 8= chickpea 9= pepper. Number of years= 0, 1, 2, 3….10 
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3.3. Number of livestock kept on-farm: 

Types of animal  Number  Total value  

Oxen    

Cows    

Heifer    

Calf    

Sheep    

Goats    

Donkey    

Mules    

Chicken    

Total value    

 

3.4. Do you have access to irrigation? 0) no 1) Yes 

3.5. If yes to 3.4 amount of irrigated land last cropping season in _______timad. 

4. Use of improved sorghum varieties 

4.1. From the cultivated land holding: 

1. Crop land__________in timad 2.  Sorghum__________in timad 

3. Striga infested land ______ in timad 

4.2. Have you ever used improved sorghum variety?       

 0) No (non-adopter)     1) Yes (adopter) 
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4.3. If you ever used improved sorghum varieties, when did you start using? ________ Year. 

4.4. If no to 4.2, reason for not using improved variety? 

1. ______________2. _________3. _________ 

4.5. Did you use improved sorghum variety during 2009/2010 E.C cropping season? 

0) No     1) Yes 

4.6. If yes, improved varieties ____in timad in 2009/2010 If no, Local varieties _____in 

timad 

4.7. If yes, what was the size of area under improved and local varieties last season? 

Varieties  Area planted in timad Did you continuously use the variety in 

other years 

  year ___, year ___, year__, year__  

Improved       

Local       

 

4.8. What variety of sorghum you use during 2009/2010 E.C production season and what is 

your perception regarding these choices? 

1) Improved variety only     2) both improved and local variety     

3) Local variety only 

4.9. Do you think that the improved sorghum variety is better than local variety in terms of the 

following characteristics/ traits?  

1. Yield   0) No           1) Yes              5. Maturity period 0) No        1) Yes          

2. Color   0) No          1) Yes     6. Establishment ability 0) No           1) Yes   
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 3. Taste    0) No           1) Yes     7. Storability 0) No 1) Yes     

 4. Drought resistance   0) No       1) Yes        8. Resistance to diseases/pests/weeds 0) 

No    1) Yes  

4.10. Does the use of improved varieties require additional labor than the usual operation? 

                      0) No             1) Yes 

4.11. From where did you get improved sorghum seeds?  

1. BOA _________      2. Research center ______ 3.  Own _________ 4. Market 

________ 5. Neighbors______ 6. NGO _______7. Others, specify _______ 

4.12. Do you think that there is risk associated to the use of improved sorghum varieties?                                                     

0) No              1) Yes  

4.13. If yes, what are the risks associated to the use of new sorghum varieties?                         

1. __________________________2.__________________3. ____________________ 

 4.14. Which other crops besides sorghum do you grow? Please list the two most important. 

1)…………………………… 2)…………………………………… 

4.15. When do you plant sorghum? _______________________ (month) 

4.16. What planting method do you use last cropping season? 1. Row planting 2. Broadcast 

4.17. Frequency of weeding sorghum last cropping season _________ 

4.18. Did you use pest control measures last season?  0) No           1) Yes 

4.19. Pest control measures last cropping season 

1. ____________________________ 2. ____________________________ 

3. ____________________________ 

5.  Extension service 

5.1. Have you ever consulted extension agent?   0) No           1) Yes 
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5.2. If yes number of extension contact per month ____________ 

5.3. Have you ever participated in on-farm research/demonstration/field day? 0) No   1) Yes 

5.4. How many years of experience do you have in agricultural extension service? ……Years 

6.  Credit 

6.1. Do you have Access to credit 0) No   1) Yes 

6.2. If yes, did you receive credit during 2009/2010 E.C cropping season? 

1. Yes _______ 2. No ________ 

6.3. If yes, which category?   1. Cash ________ 2. Kind _______ 

6.4. What was the purpose of credit? 

________________________________________________________ 
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Source: model output, 2018 

 

                                                                              

       _cons     3.799437   7.924067     0.64   0.522     .0637474    226.4521

propsorgarea      .022259   .0331887    -2.55   0.011     .0011977    .4136804

     distmkt     .9489692   .1012301    -0.49   0.623       .76993    1.169642

     onfatri     .8430468   .3689234    -0.39   0.696     .3575689    1.987667

     famsize     .8030845   .1109461    -1.59   0.112      .612587    1.052821

         EDU     .9029652   .1118241    -0.82   0.410     .7083654    1.151025

     labsupp      .627716   .2381981    -1.23   0.220      .298373    1.320587

      disFTC     .9652839   .1192616    -0.29   0.775     .7576845    1.229764

         TLU      1.05898   .1028183     0.59   0.555     .8754734    1.280951

    farmsize     1.264227   .1342373     2.21   0.027     1.026699    1.556706

    offfainc     1.002261   .0008884     2.55   0.011     1.000521    1.004004

    extncota     2.246459   .7694246     2.36   0.018     1.148041    4.395819

      credit     3.365142   1.559577     2.62   0.009     1.356793    8.346284

         age     .9708033   .0187963    -1.53   0.126     .9346535    1.008351

         sex     .8620799   .3285204    -0.39   0.697     .4084818    1.819376

                                                                              

    adoption   Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval]

                             Robust

                                                                              

Log pseudolikelihood = -90.860883               Pseudo R2         =     0.2481

                                                Prob > chi2       =     0.0002

                                                Wald chi2(14)     =      41.00

Logistic regression                             Number of obs     =        204

. logistic adoption sex age credit  extncota offfainc farmsize TLU disFTC labsupp EDU famsize onfatri distmkt propsorgarea, vce(robust)
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Source: model output, 2018 

 

 

                                                                              

3               (base outcome)

                                                                              

       _cons     1.204683   1.844608     0.65   0.514    -2.410683    4.820048

propsorgarea     -3.38436   1.401691    -2.41   0.016    -6.131624    -.637096

     distmkt    -.0259994   .0833378    -0.31   0.755    -.1893386    .1373397

     irrland     .0908967   .2015918     0.45   0.652    -.3042159    .4860094

     onfatri    -.1778649   .3602587    -0.49   0.622     -.883959    .5282291

     famsize    -.1764608   .1214346    -1.45   0.146    -.4144682    .0615466

         EDU    -.1210377   .0936236    -1.29   0.196    -.3045367    .0624612

     labsupp    -.2567576   .3222285    -0.80   0.426    -.8883137    .3747986

      disFTC    -.0599437   .0939084    -0.64   0.523    -.2440008    .1241134

         TLU     .0446135   .0779468     0.57   0.567    -.1081594    .1973865

    farmsize     .1962954    .086614     2.27   0.023      .026535    .3660558

    offfainc     .0016554   .0007784     2.13   0.033     .0001298     .003181

    extncota     .4854588   .2183851     2.22   0.026     .0574318    .9134858

      credit     1.060619   .3552024     2.99   0.003     .3644347    1.756802

         age    -.0198067   .0187358    -1.06   0.290    -.0565282    .0169148

         sex    -.1821654   .3516458    -0.52   0.604    -.8713786    .5070478

2             

                                                                              

       _cons      1.69603   2.355604     0.72   0.472    -2.920869    6.312928

propsorgarea    -3.321978   1.784534    -1.86   0.063    -6.819601    .1756444

     distmkt    -.1518202   .1075108    -1.41   0.158    -.3625376    .0588971

     irrland     .4800787   .2493806     1.93   0.054    -.0086984    .9688557

     onfatri    -.0130377   .4991374    -0.03   0.979    -.9913291    .9652537

     famsize    -.0902339   .1676934    -0.54   0.591     -.418907    .2384392

         EDU    -.0671711   .1126355    -0.60   0.551    -.2879326    .1535903

     labsupp    -.8807448    .428876    -2.05   0.040    -1.721326   -.0401633

      disFTC    -.0380645   .1203347    -0.32   0.752    -.2739162    .1977872

         TLU     .1053906   .1012522     1.04   0.298    -.0930601    .3038413

    farmsize     .0394762   .1165199     0.34   0.735    -.1888987     .267851

    offfainc     .0016543   .0009589     1.73   0.084     -.000225    .0035336

    extncota     .6256475   .2644719     2.37   0.018     .1072921    1.144003

      credit     1.291716   .5255748     2.46   0.014     .2616083    2.321824

         age    -.0608753   .0301253    -2.02   0.043    -.1199199   -.0018307

         sex     .0121612   .4615027     0.03   0.979    -.8923674    .9166898

1             

                                                                              

  Preference        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                              

Log likelihood = -156.34808                     Prob > chi2       =     0.0012

                                                Wald chi2(30)     =      59.03

Multinomial probit regression                   Number of obs     =        204

Iteration 3:   log likelihood = -156.34808  

Iteration 2:   log likelihood = -156.34808  

Iteration 1:   log likelihood = -156.34938  

Iteration 0:   log likelihood = -157.06266  

> rea, baseoutcome(3)

. mprobit Preference sex age credit extncota offfainc farmsize TLU disFTC labsupp EDU famsize onfatri irrland distmkt propsorga
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Source: model output, 2018 

 

 

 

 

 

 

 

(*) dy/dx is for discrete change of dummy variable from 0 to 1

                                                                              

propso~a    -.1564087      .21467   -0.73   0.466  -.577156  .264339   .573529

 distmkt    -.0194172       .0134   -1.45   0.147  -.045682  .006848   4.89069

 irrland     .0605723       .0293    2.07   0.039   .003155   .11799   .660539

 onfatri*    .0149076      .05949    0.25   0.802  -.101696  .131511   .710784

 famsize     .0038118      .02079    0.18   0.855  -.036932  .044555   5.51961

     EDU     .0018534      .01297    0.14   0.886  -.023576  .027283   1.63725

 labsupp*   -.1015841      .05158   -1.97   0.049  -.202688  -.00048   .480392

  disFTC     .0002259      .01485    0.02   0.988  -.028871  .029322   4.59069

     TLU      .010946      .01262    0.87   0.386  -.013786  .035678   6.04422

farmsize    -.0130236      .01436   -0.91   0.364  -.041161  .015114   6.63123

offfainc     .0000807      .00011    0.73   0.465  -.000136  .000297    760.49

extncota     .0439448      .03053    1.44   0.150  -.015884  .103773    1.4951

  credit*    .0788505      .04702    1.68   0.094  -.013301  .171002   .740196

     age    -.0068911      .00367   -1.88   0.061  -.014089  .000307      45.5

     sex*    .0187186       .0538    0.35   0.728  -.086735  .124172   .735294

                                                                              

variable        dy/dx    Std. Err.     z    P>|z|  [    95% C.I.   ]      X

                                                                              

         =  .10871592

      y  = Pr(Preference==1) (predict, p outcome(1))

Marginal effects after mprobit

. mfx, predict(p outcome(1))
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Source: model output, 2018 

 

 

 

 

(*) dy/dx is for discrete change of dummy variable from 0 to 1

                                                                              

propso~a     -.642895      .33645   -1.91   0.056  -1.30232  .016525   .573529

 distmkt      .007104      .02058    0.35   0.730  -.033238  .047446   4.89069

 irrland    -.0200021      .04834   -0.41   0.679  -.114755  .074751   .660539

 onfatri*   -.0486202      .08645   -0.56   0.574  -.218062  .120822   .710784

 famsize    -.0414323      .02961   -1.40   0.162  -.099476  .016611   5.51961

     EDU    -.0279159      .02172   -1.29   0.199  -.070485  .014653   1.63725

 labsupp*    .0107951      .07859    0.14   0.891  -.143238  .164828   .480392

  disFTC    -.0133678      .02287   -0.58   0.559  -.058199  .031464   4.59069

     TLU     .0026012      .01913    0.14   0.892  -.034888   .04009   6.04422

farmsize     .0518963      .02121    2.45   0.014   .010317  .093476   6.63123

offfainc     .0003117      .00018    1.72   0.086  -.000044  .000667    760.49

extncota     .0779976      .05144    1.52   0.129  -.022821  .178817    1.4951

  credit*    .2066702      .09297    2.22   0.026   .024462  .388879   .740196

     age     .0001883      .00477    0.04   0.969  -.009159  .009535      45.5

     sex*   -.0520586      .08335   -0.62   0.532  -.215414  .111297   .735294

                                                                              

variable        dy/dx    Std. Err.     z    P>|z|  [    95% C.I.   ]      X

                                                                              

         =  .64519811

      y  = Pr(Preference==2) (predict, p outcome(2))

Marginal effects after mprobit

.  mfx, predict(p outcome(2))


