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ABSTRACT
In developing countries, including Ethiopia, the change from subsistence-oriented production system to the market-oriented production system as a means of raising smallholder income, and alleviating poverty has been at the center of policy spotlight. This study analysis the  level and factors determining smallholder sorghum commercialization in Gololcha and Shene Kolu Districts. A three-stage random sampling technique was employed to select a sample of 121 smallholder sorghum producers. Primary and quantitative data were collected using a structured survey questionnaire. Secondary data were collected from different secondary sources. Descriptive statistics, household commercialization index (HCI) and  Heckman second stages ordinary least square regression estimation (OLS) was used for data analysis. Accordingly, the results of HCI indicated that 48.46% of farmers are fully subsistent,16.92% less commercialized, 21.54% are medium commercialized, 8.46% are highly commercialized and 4.6% are very highly commercialized. The result from  OLS regression indicated that household family size, household access to credit and sorghum current market price influenced the level of sorghum commercialization positively and significantly, while household sorghum consumption and non-farm income were affected negatively and significantly. Therefore, government authority and concerned bodies should take into consideration demographic, socioeconomic, and institutional factors to improve the performance of sorghum commercialization in area.
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1. Introduction
The majority (approximately 95%) of Ethiopian farmers are smallholders and more than 85% of total employment (FAO, 2022).This shows that smallholder farming takes a major share in the overall efforts being exerted to realize the agricultural growth and development plan of the country. Even though smallholder farming is responsible for a large proportion of Ethiopian food production (Zerssa et al., 2021), about 60% of farmers cultivate less than 0.90 ha of very fragmented landscapes (Headey & Jayne, 2014). Hence, this subsistence agricultural production may not be a viable production system to ensure food security (Pingali, 1997). 
Thus, with the ever-increasing population and the limited farmland, meeting the challenge of improving rural incomes will require a transformation of the low input-output farming systems to one that is highly commercialized (Govereh et al., 1999). Because of this Policymakers in Ethiopia and elsewhere view agricultural commercialization as an essential part of the process of agricultural modernization, specialization, and structural  transformation of the economy toward more rapid and sustainable growth (Pender and Alemu, 2007).
Consequently, promoting the commercialization of agricultural production is a cornerstone of the rural development and poverty-reduction strategies of Ethiopia (Mohammed Nasir et al.2017). Agricultural commercialization is a process of transformation from a subsistence farming system to market-oriented production system (Alemu et al., 2006).However, information on the current status of smallholder commercialization in key agricultural enterprises in Ethiopia is sparse. As known cereal grain crops that are classified within the grain crops category are also produced in greater volume compared to the other crops by commercial farms because they are the principal staple crops  (CSA, 2022). Especially, five major bowls of cereal (teff, maize, sorghum, barley, and wheat) are the core of Ethiopia’s agriculture, accounting for about 67.45% of the total household consumption and Nearly 9.86 percent and 20.2 percent were used for seed and sale, respectively (CSA,2022).
Specifically, among cereal crops, sorghum in Ethiopia is the fifth  most important crop after teff, barley, wheat and maize in terms of area cultivated and total production ( Taffesse et al. ,2013). Currently, sorghum is produced by 1,225,348 smallholder farmer and its production is estimated to be 3,553,670.71 metric tons from nearly 573,650 hectares of land giving the national average grain yield of around 2.3 tons per hectare (CSA,2022). 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, 2007). 
The grain is also used for the preparation of other traditional foods and beverages like tella. Other countries experience showed that it can also be used as raw material for industry and processed into malted foods, beverages and beer (Felix et al.,2014). The sorghum took a share of 34% of the area covered by cereals in commercial farms (Taffesse et al.,2017). In Ethiopia, during the period 1997-2009, sorghum production has increased by nearly 6% per annum because of an area expansion of 93.3% and a yield increase of 2.7%. Recently, production has increased from 1.7 million metric tons in 2004 to 3.9 million in 2010/11 (Taffesse et al.,2017). There is slight increase in the production of sorghum over the last on decade in Ethiopia. The productivity increase happened because of area increases coupled with introduction of improved varieties. 
In the study area different crops are grown such as sorghum, maize, barley, wheat, common bean etc. and vegetables and fruits but sorghum is dominant crop in terms of area coverage as well as productivity. Despite sorghum production potential and importance of cereal crops for assuring food security status of the country as well as the study area smallholder farmers are producing sorghum mostly for subsistence and not for commercial purposes (Gebre et al., 2021). Due to this reason, they earn little economic benefit from their sorghum produce though the commercial transformation of this subsistence production is an essential corridor to achieve food security at the national and household level (Amsalu Mitiku, 2014). 
As literature shows there is a dearth of empirical evidence on factors influencing smallholder commercialization of different crop such as on Haricot Bean (Haile and Gebre, 2022;Stephen et al., 2017;Ejeta and Masresha, 2020) ;teff crop (Edosa, 2018); Wheat (Endalew et al., 2020) and horticultural crops (Aman et al., 2014) in Ethiopia but lack on Sorghum crop in the country and specifically no in the study area. Moreover, previous studies (Kabiti et al., 2016;Negesse Senbeta, 2020;Ejeta and Masresha, 2020;Aman et al., 2014;Mazengia, 2016) conducted in different zone of Ethiopia on different crops than that of sorghum also showed that a lot of factors affect commercialization of smallholder crop production. 
Similarly, most of the studies conducted on the determinants of smallholders’ market participation have methodological gaps of only capturing the revealed marketing decisions of households while they ignored the volume of supply (Bedaso et al., 2012;Berhanu and Moti,2010;Haile and Gebre, 2022;Mazengia, 2016).In addition to methodological gap pervious study on sorghum much more concentrated on factor affecting adoption of sorghum for example (Kinfe and Tesfaye, 2018;Mahdi,.et al., 2010;Silamana et al.,2019;Yoseph Wolebo et al.,2019)  and genetic diversity of sorghum example by (Nagara, 2017;Enyew Muluken et al.,2022) and popularization of sorghum by large scale demonstration in study area by Solomon et al.,(2021). 
Here of, more study needs to fill this gap. Beside some empirical studies were conducted in the country and acknowledging and improving the aforementioned gap up to date information on factors influencing the commercialization of producers in the sorghum market in Ethiopia is lacking. Moreover, to the best of my knowledge nothing has been done in the study area. Hence, this research is proposed to with the objectives of analyzing current level of smallholder sorghum commercialization and factors correlated with it in target sorghum producers in the study areas in order to fill research gap. 
[bookmark: _Toc92451403][bookmark: _Toc115429898]2: Research methodology
[bookmark: _Toc92451404][bookmark: _Toc115429899]2.1. Description of the study area
The study area Gololcha and Shene Kolu Districts are located in Arsi Zone Arsi zone is found in the central part of the Oromiya National Regional State. The zone geographically  lies between 60 45’ N to 58‘N and 38 32 E to 4050’ E. Arsi is bordered on the south by Bale Zone  , on the southwest by the West Arsi Zone , on the northwest by East Shewa Zone, on the north by the Afar Region  and on the east by West Hararghe Zone. Asela is the capital town of the zone. It is located at 175 km from Finfinne on Finfinne-Adama-Bale Robe main road. Also Asela is located at 75 km south of Adama town (Abdi, 2017).
A brief description of study districts goes as follows. Shenen Kolu district is one of the district among 26 districts that are found in Arsi zone. The district is located at about 316 km from Addis Ababa, the capital city of Ethiopia and 241 km from Asella, which is the capital town of Arsi zone. The District is situated at northeast of Aseko and Anchar, Seru district in the south, Daro Lebu district in the east and Gololcha district in the west. The altitude of the district ranges from 1400 to 2000 metres. Generally, the district has a total area of 112,101 hectares and is classified into two agro-ecologies, highland (2%) the midland (28%) and the lowland (70%). The average temperature of the district is 32 °C and the average rainfall is 800 mm/year. The main rainy season of the district is in April, May, June, July, August and September. The soil type of the district is clay soil and sandy soil. Major crops produced in the district are coffee, maize, sorghum, teff and groundnut (SKWoA, 2022). 
The second Gololcha district is bordered by Aseko district in the north, Amigna district in the south, Shenan Kolu district in the east and Chole district in the west. The altitude of the woreda is ranging from 1400 and 2500 meters above sea level. Generally, the district has a total area of 178,102 hectares and is classified into two agro-ecologies, the midland and the lowland with a share of 25% and 75% respectively. The average temperature of the district is 35˚C and the average rainfall is 900 mm/year. The main rainy season of the district is in April, May, June, July, August and September. The soil type of the district is silt and sandy soil. Major crops produced in the district include Coffee, Maize, Sorghum, Teff and Groundnut (GWoA, 2022).location of the study area is shown in figure 1.
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[bookmark: _Toc115437585]Figure 1.Skeck of study area
Source: GIS shape file of Ethiopian administrate map 
[bookmark: _Toc115429900]2.2.Research Design 
Cross-sectional research design that involved the collection of quantitative and qualitative data components was used for the purpose of this study. Cross-sectional research design allows us for the collection of data from one point in time with low expense and taking short time to conduct investigation.
[bookmark: _Toc115429901][bookmark: _Toc92451405]2.2.1 Sampling technique and procedures 
[bookmark: _Hlk114737336]The study followed a three-stage random sampling technique to select the study area and representative sample households. In the first stage Gololcha and Shene kolu districts were selected purposively based on the potential sorghum production and accessibility to market among Arsi zone districts. In the second stage, three kebeles from Gololcha district and two kebeles from Shene Kolu district were selected. Accordingly, Mine Tulu, Mine Adaye and Sire Bego kebeles were selected from Gololcha District while Furda Bela and Komtu Gogeti kebeles were selected from Shenen Kolu district in collaboration with the Districts Agricultural Office. 
From the selected kebeles, sorghum producer households were identified in collaboration with districts bureau of agricultural and experts form the respective offices. In the third stages a total of 121 sorghum producers were selected randomly from the selected sample kebeles using simple random sampling technique (SRS). Finally, the ultimate sample size in each kebele was determined based on probability proportional to Size (PPS) of the identified sorghum producer households (see Table 1 below)
[bookmark: _Toc115429902]2.2.2. Sample size determination
A higher the population size results in higher representativeness of the sample. But according to Lenth, (2001) constraints like resource, logistics, budget and time limit the sample size of the study. So sample size is important for inference of the population. There are several approaches to determine the sample size, out of them the one by  Yamane, (1967) was used. Several authors used this sample size determination approaches for instance (Haile et al., 2018) and (Ahmed et al., 2016) used this sample size determination formula. The sample size for the study was determined based on the following yamanes formula:
n =  =121
Where; Where: n = is the desired sampled size, N = is the total population(N=) and e = is the desired level of precision(0.09) as suggested by (Haile et al., 2018) to get desired minimum sample size of households at 91% level of significance with variability of 9%. Finally, a total of 121 sample households was selected for interview using probability proportional to size from each kebeles as presented Table 1 below.
[bookmark: _Toc118298016]Table 1.Sample size determination of smallholder sorghum farmers
	District 
	 Sample Kebele
	Total sorghum producing households 
	Number of sampled households
	Proportion of sampled households(%)

	Gololcha 
	 Mine Tulu
	985
	21
	17.3

	
	MineAdaye
	1200
	27
	22.3

	
	Sire Bego
	1019
	22
	18

	Shenen Kolu
	Furda Bela
	1935
	28
	23

	
	KomtuGogt
	1444
	23
	19

	
	Total 
	6583
	121
	100


[bookmark: _Toc92451406][bookmark: _Toc115429903]Source: column 3 from agricultural office districts, (2021/22) and column 4 and 5, Authors own computation from the data.
2.3. Data types and sources
[bookmark: _Hlk115027045]In this study, both qualitative and quantitative were collected from different primary and secondary data sources in 2021. Primary data were collected through household surveys using structured interview schedule and focus group discussions (FGDs) for both qualitative and quantitative data. The data collected from sample households mainly focused on institutional, demographic, socioeconomic, production system, quantity of sorghum produced, quantity of sorghum consumed, and supplied to market, market information, credit and extension access, non-farm income, input and production constraints. Secondary generated  from published and unpublished sources including books, journal articles, district office of agriculture and central statistical authority (CSA).
[bookmark: _Toc92451407][bookmark: _Toc115429904]2.4. Methods of Data Collection
For this study different data collection methods were used. To collect primary data from the sampled household semi-structured questionnaire for face-face personal interview to collect data on households demographic, socio-economic and institutional characteristics and  smallholder commercialization. To develop a draft survey questionnaire checklists were prepared to conduct key informant interviews at Mine Tulu kebeles from Gololcha district for betterment incorporation of parameters to be included in questionnaire. Then, the draft questionnaire were prepared. 
Moreover, a pretest survey were conducted on six randomly selected households to test data collection instruments, assess the clarity of the questions for respondents, estimate the time required to finalize the interview, and revise the questionnaire accordingly. Then, the survey questionnaire were tailored to the local conditions. Then primary data were collected from sample households of a representative random sample of household heads in selected kebeles by clearly explaining the objective of survey for households. Moreover, three focus group discussions (FGD) which stratified into male headed farmers, female headed farmers’ and youth-based were conducted in each Gololcha and Shenen Kolu districts. Finally a total of six FGDs were carried out to collect primary qualitative data. For giving all participants enough time, opportunity to share idea  and easy managements of the FGD the size of the FGD ranges from six to thirteen. The participants were farmers from  male headed FGD ,Female headed FGD and  Youth FGD from each districts that are not included in the individual field interview.
[bookmark: _Toc92451408][bookmark: _Toc115429905]2.5. Methods of Data Analysis
The data collected for achieving all objectives in the study were analyzed using appropriate statistical software, both SPSS (version 20) and STATA (version 15) software. Descriptive statistics, household commercialization index (HCI) and econometric models were used to analyze the quantitative data collected for the study. 
Household commercialization index were used to measure the level of sorghum commercialization. Following, Govere et al,(1999), household commercialization index can be defined the ration of the volume of crop sold to the volume of crop produced by households multiplied by 100. Several authors adopted this definition and used it to calculate commercialization index of different crops.  Among several authors (Berhanu and Moti,2010; Hichaambwa and Jayne, 2012;Mutabazi et al., 2013) are exemplary. Mathematically, it could be expressed as:
 HCIi= 100%
[bookmark: _Hlk114582644]Where: i sold and i produced  are the volume of sorghum sold and produced by the ith farmer respectively. Hence, HCI indicates commercialization index of ith farmer. The indices value ranges between 0% and 100% where 0 value close to zero indicating the smallholder farmers are fully subsistence oriented and values close to one indicating highly commercial oriented households  (Govereh et al.,1999).
Moreover, Ordinary Least Square estimation (OLS) econometrics analysis employed to capture the cause and effect relationship between the dependent variable total/gross value of all crops sold and the independent variables that are specified in table 2. The dependent variable used in identifying determinants of level of commercialization of sorghum producing famers was commercialization index. The general formula defining Ordinary least square (OLS) model in Heckman second stages is specified as follows:


[bookmark: _Toc91513831][bookmark: _Toc118298017]Where: Y represent the total volume of sorghum crop sold
	 X represents the factors that affect the level of sorghum commercialization 
              βo and β1-k are estimable parameters
              U is the error term 









Table 2.Definition, measurement and expected sign of the explanatory variables
	Variable name 
	Definition of variables 
	Measurements 
	Expected sign

	Dependent variables 
	
	
	

	level of sorghum commercialization 
	Ratio of sorghum sales to total sorghum produced in 2021/22 production year 
	
	

	Independent variables 
	
	
	

	Age 
	Age of household head
	Number of year
	+/-ve

	Gender 
	Gender of the household head
	Male=1,Female=0
	+ve

	Education(EDU)
	Level of education completed the household head
	years
	+ve

	Family size(Fmlysz)
	Number of people in the households
	Number
	+/-ve

	Farming experiences (Farmexp)
	Households Farming experience
	year
	+ve

	Farm size (Farmsz)
	Households total  land holding
	Hectare
	+ve

	Non-farm income (NFI)
	Household access to non-farm income
	ETB
	+ve

	sorghum production(Sprdn)
	Total amount quantity produced
	Kilogram
	+ve

	sorghum price(SMS)
	Market sorghum prices 
	ETB
	-ve

	sorghum consumption(Scon)
	Sorghum home consumed
	Kilogram
	-ve

	Credit access (CREDT)
	Household access to credit
	1 if user, 0 otherwise
	+ve

	Market information (MKTINFO)
	Household access to market information
	1=yes 0=otherwise
	+ve


ETB = Ethiopian Birr, 
Source: Own, based on literature review, 2021/22






[bookmark: _Toc115429912]3: Results and discussion
[bookmark: _Toc115429916]3.1. Summary of descriptive statistics of sample households 
Table 3 below presents the descriptive statistics of sorghum farming households. According to survey result the average age of household head was 37.91 years with the youngest being 20 years and the oldest 65 years. This indicates that most of the household heads were within their productive age. Regarding the educational status, the average schooling of household was grade 4 formal whereas the range goes from those who did not attended formal education at all to those who attended eleven years of schooling. 
The average number of family size for the sample respondents were about 6.7 with standard deviation of 2.6. Large household size may ensure adequate supply of family labor force for crop production and could also absorb a significant portion of the produce for home consumption. The mean landholding of sample household was about 1.28 ha. Larger landholding could be seen as an incentive to produce surplus for market. The average annual sorghum production of the survey households was 1068.06 kilo gram (kg). Larger amount of sorghum production leads households to higher amount of sorghum supply to market. The average land allocated for sorghum per sample households heads was about 0.77 ha while the mean livestock owned was about 4.24 (TLU).
The average farming experience and sorghum farming experience of sample respondents was 16.97 and 13.8 years respectively. 
The major non-farm income generating activities in which sample households were participating in the study area includes; sales of fire wood, farm labor wages, sales of crop residues, rental property (other than land and oxen). From the total of sample households 98 (75.4%) were participating in non-farm activities and 32 (24.6%) were not participating on non-farm income generating activities. The mean cash income perceived/obtained from non-farm income by sample households was 3186.57 ET birr with standard deviation 3606.983 ET birr. Distance imposes transaction cost to households and determines the volume of output sold. The distance between residence place of household and main market and farmers’ cooperative office were  6.61 and 20 km ,  respectively (Table 3).


[bookmark: _Toc118298020]Table 3 Descriptive statistical characteristics of sampled households (continuous variables)
	Explanatory Variable
	Mean
	Std. Dev.
	Min
	Max

	Household age in years
	37.91
	10.26
	20.00
	65.00

	HH family size
	6.73
	2.679
	1.00
	14.00

	Farming experience (year)
	16.97
	9.488
	1.00
	42.00

	HH total land holding(ha)
	1.28
	0.643
	0.25
	3.00

	Non-farm income (birr)
	3186.57
	3606.983
	0.00
	13050.00

	HH education status (in year)
	4.14
	3.110
	0.00
	11.00

	Distance to nearest market (km) 
	6.61
	3.500
	1.00
	18.00

	Distance to cooperative (km) 
	20.00
	4.43
	0.00
	20.00

	Land allocated for sorghum 
	0.77
	0.77
	0.00
	2.00

	livestock owned/TLU/
	4.24
	2.49
	0.06
	11.00

	Sorghum farming experience
	13.82
	9.94
	1.00
	40.00


 Source: Own survey result, 2021/22
[bookmark: _Toc115429918]3.2. Farm input use in sorghum production 
Smallholder farmers who used inputs for commercial production of crops and livestock products have better access to market opportunities, assets and/or income, and have better access to extension services and credit (Seife Ayele and Caroline Bosire, 2011). Use of farm agricultural input increases the production and productivity of farming households resulting in an increment output supply to market. The farm input used in the study area for the prediction of sorghum were; improved seed, NPS and Urea fertilizer, herbicides, insecticides and moisture conservation technology. The survey result show that 90.76, 23.84 and 60% of the households in the study area use NPS, UREA fertilizer and improved seed, respectively. 
Additionally, farmers in the study area used soil moisture conservations technology, herbicides and insecticides. The result also revealed that the average amount of seed, NPS fertilizer and Urea fertilizer used per hectare by market participant and non- participant sample households were 25.95 kg, 55.77 kg and 20.43 kg with standard deviation of 15.68, 37 and 28.14 respectively  showing non market participants uses lower farm input technology in the study area. 
[bookmark: _Hlk112852696]As the result indicates from sampled households about 19.41% of market participant and 17.46% of non-market participants applied herbicides chemicals fertilizer while about 80.59% of market participant and 82.54% of non-market participants did not applied herbicides chemical on their sorghum farm activities. In addition to this 11.94% of market participants and 6.35% of non-market participant used insecticides chemical fertilizer while 88.06% of market participants and 93.66% of non-market participants did not used insecticides fertilizer on their sorghum farm lands during 2021/22 cropping year. 
[bookmark: _Hlk112927431][bookmark: _Hlk112927695]The t-test results of improved seed, inorganic fertilizer (NPS and Urea) used per hectare between market participant and non-market participant is insignificant indicating that there is no difference between market participant and non-market participants in terms of improved seed ,inorganic fertilizer (NPS and Urea) use. Also, the 𝑥2 -test result of uses of moisture conservation, herbicides and insecticides uses between market participants and non-market participants was found to be insignificant. That means there is no difference between market participants and non-market participant uses of moisture conservation, herbicides and insecticides (Table 4).
[bookmark: _Toc118298022]Table 4.Farm input use of sample households for sorghum in 2021/22 production year
	Market participant
	Non-market participant

	Input used
	Mean 
	Std.
	Mean 
	Std.
	T-value 
	Sig.(2-tailed)

	Improved seed(kg)
	25.95
	15.68
	23.28
	14.18
	1.01
	0.312

	NPS fertilizer(kg)
	55.77
	37.00
	62.71
	37.28
	-1.060
	0.291

	Urea fertilizer(kg)
	20.43
	28.14
	26.91
	34.22
	-1.179
	0.240

	Moisture conservation 
	Response 
	N 
	%
	N 
	% 
	Chi-Square(χ2)

	
	Yes
	41
	61.20
	34
	53.96
	0.405

	
	No
	26
	38.80
	29
	46.04
	

	Herbicide (yes/no)
	Yes
	13
	19.41
	11
	17.46
	0.775

	
	No
	54
	80.59
	52
	82.54
	

	Insecticides(yes/no)
	Yes
	8
	11.94
	4
	6.35
	0.271

	
	No
	59
	88.06
	59
	93.66
	


Source: Research field Survey result, 2021/22.
[bookmark: _Toc115429917]3.3. Sorghum production in the study area
Crop production in the study area was not only for home consumption but also for meeting cash requirements of the producers. Particularly sorghum was produced for market and also used for home consumption in the study area. According to the survey result, in the study area sorghum average production was 1171.8 kg for market participant households and 957.69 kg for non-market participant households during 2021 cropping year. From the volume of the sorghum produced on average 224.88 kg with standard deviation of 134.06 kg sorghum was sold by market participant household and additionally on average 800.16 kg and 841.89 kg of sorghum were consumed by market participant and non-participant households at home respectively. This shows as production of sorghum is the major important sources of food and income in the study area. 
The t-test revealed that market participants and non-market participants had statistically significant differences with regards to sorghum production and sorghum quantity sold to market by households in study area. However, the t-test result depicts that household sorghum consumption by market participant and non-participant has no significant difference. The result shows that amount of sorghum produced and sorghum quantity sold were statistically significant at 5% and 1% probability level respectively signifying that the mean sorghum quantity produced by market participants was greater than that of non-market participants. The higher production of sorghum by households leads to higher market participation (Table 5).
[bookmark: _Toc118298021]Table 5.Production and market supply of sorghum  sampled households
	Variable
	Market participant
	Non market participant

	
	Mean
	Std.
	Mean
	Std.
	T-value
	Sig.(2-tailed)

	Sorghum produced(kg)
	1171.8
	552.76
	957.69
	635.39
	2.054
	0.042**

	Sorghum quantity sold(kg)
	 224.88
	134.06
	     0
	   0
	  12.822
	0.000***

	Sorghum consumption(kg)
	800.16
	479.828
	841.89
	496.92
	   0.487
	0.627


Note:***,**,represent significance of factors at 1 and 5%respectively
Source: Research field Survey result, 2021/22.
[bookmark: _Toc115429930]3.4.Sorghum crop specific commercialization level of households 
Following the classification commercialization by Tadele et al.(2017) smallholder level of commercialization is grouped in to three categories; Less commercialized farmers (those who sold up to 25% of output), semi-commercialized farmers (those who sold between 25% and 50% of output they produce) and commercialized farmers (those farm households who sold more than 50% of what they have produced). 
Survey result revealed that 54 (44.62%) of households were subsistent in terms of sorghum output supply to market, 27 (22.3%) were less-commercialized, 32 (26.4%) households fall in medium-commercial category while few households 6 (4.6%) were very highly commercialized supplying greater than or equal to 75% of sorghum output. 
According to the survey result the overall degree of commercialization of sorghum producers in the study area ranged from 0 to 0.84 across the sampled households in terms of amount of sorghum supplied to market by market participants. In general the level of household sorghum  commercialization level in the study area was found to be 23%, which is significantly lower than  the national commercialization average, 35% (Getahun, 2020).This is because households in the study area mainly use sorghum for home consumption than market supply (Table 6).
[bookmark: _Toc118298034]Table 6. Level of commercialization of sorghum producers in 2021/22 production year
	level of commercialization
	Frequency 
	Percent 

	Fully Subsistent/ Non-commercial (0%)
	54
	44.62

	less commercialized(1- 25%)
	27
	22.3

	Medium commercialized(25.1- 50%)
	32
	26.4

	Highly commercialized(50.1 -75%)
	11
	8.46

	very Highly commercialized(=>75%)
	6
	4.6

	Total 
	121
	100


[bookmark: _Hlk114059405]Source: Research field Survey result, 2021/22.

[bookmark: _Toc115429931]3.4.1.Households District specific level of commercialization 
Besides understanding the level of commercialization at household level, estimating commercialization level  for each  districts  is very important since the tendency of one district households to sell their produces could vary according to the type of major crop produced and the production and input constraints prevailed in the production year. Accordingly from the survey result as shown in Table 7, the average household commercialization index of sorghum for Shene Kolu, and Gololcha  District were  0.2243, and 0.1656 respectively. This indicates that the household commercialization index is higher in Shene Kolu District than Gololcha districts of  sorghum producing households.
[bookmark: _Toc118298035]Table 7.Household level commercialization index by district
	Zone
	Name of District
	N
	Mean
	Std
	Variance

	Arsi
	shenen kolu
	43
	0.2243
	0.2425
	0.0588

	
	Gololcha
	78
	0.1656
	0.228
	0.05199

	
	Commercialization Mean
	
	0.23525
	0.23525
	0.055395

	
	Total
	121
	0.3899
	0.4705
	0.1107


Source: Research field Survey result, 2021/22.

[bookmark: _Toc115429933]3.5. Determinants of sorghum commercialization 
The result from the Heckman two-step indicated is the presence of sample selection bias  with the inverse mills ratio (IMR) (mills lambda 0.000) was statistically significant. The test results are presented in Table 8 bellow. The ordinary least square estimation (OLS) regression showed that that, out of 10 independent variables used in the model, household family size (Fmlysz), sorghum market prices (SMS), household sorghum consumption (Scon), households access to credit (CREDT), and households non-farm income (NIF) were found to determine significantly the level of sorghum commercialization (Table 8) as discussed below. 
Household family size (Fmlysz): Households family size is one of the factors that affect households market participation level in sorghum farming. It is measured by the total number of   family members in the households. Family size was found to be positive and statistically significant at 10% level of significance having influence on sells volume of sorghum crop. This means the level of sorghum commercialization increases by 23 kg quintals for every additional household member, holding other predictor variables constant. This result is in line with the findings of Martey et al, (2012) who established a significant positive relationship between family size and the degree of pineapple and tomato commercialization in Ghana. One possible explanation is that as the household size increases, the productivity of the land rises due to cheap labor availability and exceeds the subsistence requirements which will lead to an increase in the marketed surplus of the households. However, this result is in contrast to the findings of Ejeta and Masresha,( 2020); Aman et al., (2014), who found  household size to be negatively associated with common bean and horticultural crop level of  commercialization.
Households’ sorghum consumption (Scon): sorghum consumption by households from their production is another explanatory variable that influence the commercialization of sorghum. As expected, it has negative influence  on level of sorghum commercialization and significant at 1% level. Large family size households tend to consume more at home resulting to low level of market participation. Households with more sorghum consumption at home sell small volume of sorghum output to market. The model coefficient result indicates as increase in households sorghum consumption at home by one unit decreases level of sorghum commercialization by 48 kg , keeping all other variables constant. Due to this strong relationship is expected, since larger family size could potentially absorb a significant portion of the produce to home consumption(Mohammed et al., 2016).
[bookmark: _Toc118298037]Table 8.Determinants of sorghum level of  commercialization
	[bookmark: _Hlk111628595]Variables
	Coefficient
	Standard error
	z
	P>z

	Gender
	0.0706245
	0.2943166
	0.24
	0.810

	Age
	-0.1141035
	0.2503787
	-0.46
	0.649

	[bookmark: _Hlk114147636]Fmlysz
	0.2321711*
	0.123267
	1.88
	0.0160

	SMS
	0.8083816***
	0.0733221
	11.03
	0.000

	Farmsz
	-0.0323086
	0.101939
	-0.32
	0.751

	Scon
	-0.4834052***
	0.0587708
	-8.23
	0.000

	EDU
	0.0321624
	0.0725116
	0.44
	0.657

	Farmexp
	0.0653823
	0.0947019
	0.69
	0.490

	CREDT
	0.1747372*
	0.1052914
	1.66
	0.0197

	NFI
	-0.0236879*
	0.0142044
	-1.67
	0.0195

	_cons
	1.434931
	1.016983
	1.41
	0.158

	Censored(selected) sample= 67, Uncensored(unselected)sample=63, Total sample=121, *=significant at 10% level of significance, **= Significant at 5% level of significance, ***=Significant at 1% level of significance


Source: Model result of research field Survey, 2021/22.
Households access to credit (CREDT): Access to credit was found to be an important factor in sorghum commercialization level. Access to credit as it was hypothesized found to have a positive effect on sorghum commercialization level at 10% level of significance. Access to credit plays an important role in solving cash constraints needed in sorghum production used to purchase inputs such as fertilizer, improved seed, crop protection chemicals that used to enhance sorghum production and productivity which in turn has a positive effect on marketable surplus of sorghum level of commercialization. This means if households who received farm credit have possibility to invest in farming activities, which is important component in small farm development programs. 
The coefficient of the result also confirms that when the household gets access to credit facility services by micro finance and other institutes sell 17 kg more  than non-users by keeping other factors constant. Therefore, improving access to rural credit would have a positive effect on the level of sorghum commercialization. This result is in line with the result of Gebre et al, (2021);Meleaku et al,(2020) who found that exposure to credit access has been positively correlated with the level of crop commercialization adversely. 
Households non-farm income (NIF): Non-farm income is strongly linked and statistically important to marketing point. Non- farm income influenced the level of sorghum commercialization negatively and statistically at less than 10% significant level. In contrast to the hypothesis made the coefficient of the result confirms that an increase on the amount of non-farm income by one ET birr it decreases the household head’s level of commercialization by 0.023 quintals by holding other factors constant. Because, as households involved in extraordinary activities other than agriculture, the level of commercialization of sorghum would be decreased, the productivity of main farm activities decreased and this in turn result decrease in production to market. In addition to this result is due to the reason that households obtained income from non-farm activities were not encouraged to cultivate sorghum on more area of land and they used the amount produced for home consumption. This result is supported by the findings of Getahun, (2019);who found non- farm income negatively impacts degree of crop commercialization. However, the result was in contrast with the findings of wassihun et al.,(2020) who found household non-farm income have more chance to better level of commercialization than the counter parts.
Sorghum current market price (SMS):As it was hypothesized sorghum market price has positive and significant effect on the level of sorghum commercialization at 1% significant level. The positive coefficient indicated that an increase in sorghum market price will increases the level of households sorghum commercialization. The result also implied that in one percent increasing in the price of sorghum in market can increase the quantity of sorghum supply by 80 kg  of marketable sorghum. This denotes farmers’ with higher sorghum production, are willing to supply more farm output in market as the same time level of their commercialization increased. This result is parallel with findings  by Sendeku, (2005) in rice and Habtewold and Challa,(2017) in teff who found positive relationship between market price of rice and level of commercialization.
[bookmark: _Toc115429937]4: CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc115429938]5.1. Conclusion 
This study was undertaken with the objective of analyzing household sorghum output commercialization level and factors determining sorghum level of commercialization. The result of households commercialization index (HCI) of sample respondents showed that about 48.46 % of sampled households in the study area found to be at fully subsistence level of commercialization followed by medium commercialization, selling on average about 25-50% of the annual sorghum crop produce. The level of commercialization of the overall sample households in the study area is 0.23 but varies from District to District with the highest (0.224) in Gololcha and lowest (0.165) in Shene Kolu.
The results of  Ordinary least square (OLS) regression estimations shows that household access to credit, family size, sorghum current price affect positively and significantly the level of commercialization in sorghum crop while household sorghum consumption and households non-farm income affect negatively and significantly the level of commercialization in sorghum crop output market. This result generally indicates that there is a room to increase households market participation and intensity of sorghum in the study area. 
[bookmark: _Toc115429939]5.2.Recommendations 
From the result of this research, the following policy implications are forwarded based on the result of the study.
· Household family size affected positively and significantly level of smallholder sorghum commercialization. This indicates that higher levels of family size enhanced level of  smallholders’ sorghum commercialization , implying that strategies that aim at improving household family size capacity to produce surplus production per unit area of land through optimal allocation of resources like land, oxen and enhancing productivity in the district, could have high returns in promoting smallholders’ commercial transformations.
· Access to credit services had a positive and significant effect on level of sorghum commercialization. Therefore, Governmental and nongovernmental organization should strengthen rural financial or microfinance system to address the credit needs of farmers for enhancing market participation.
· Sorghum current market price affect the households’ level of sorghum commercialization. The output price is an incentive for farm households to supply more produce for sale. Therefore, in order to increase the quantity supplied interventions by regional, zonal or district level marketing office should focus in the form of establishing new farmers cooperatives and improves the existing farmers cooperatives to collect sorghum products and link farmers cooperatives with output markets are required
· Here also household family size is an important factor determining the market participation decision. This indicates within limited production large family members in households used sorghum for home consumption rather than supply to market. Therefore, intervention should be provided on teaching households on family planning to rural community. It is obvious that most farmers do not balance their family size with their income from their livelihood activities. 
· Non-farm income negatively and significantly affected level of sorghum commercialization. This was due to the fact that households obtained income from non-farm activities were not encouraged to cultivate more area of land. Therefore, interventions intended at raising the efficiency of farmers to reduce farmers involvement in non-farm activities and changing the attitudes of farmers to use cash income obtained from non-farm activities to strengthen their agricultural production and market orientation is crucial.
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