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Abstract: The productivity of agricultural resources was very low; especially in the developing world where production is 

common on fragile lands and characterized by small-scale subsistence farming. Commercialization of agriculture provides 

farm households with a means to alleviate poverty and food insecurity by generating incomes in the rural areas. This paper 

aims to identify factors affecting commercialization of tomato crop by smallholder farmers in Siltie Zone, Southern Ethiopia. 

Both structured and unstructured questionnaires and Focus Group Discussion were used to collect data from 175 respondents 

randomly selected from designated locations in the study area. Descriptive statistics and heckman two stage models were used 

to analyze the collected data. According to first stage Heckman selection estimation (probit regression) model result, 

Education, frequency of extension contact, distance to market, market agreement and lagged price played a significant role in 

smallholder commercialization decision. In the second-stage of Heckman selection estimation family size, education, land 

allocated for tomato production, frequency of agricultural extension contact, distance to nearest market, productivity, lagged 

price and inverse mill’s ratio were significantly affect level of tomato commercialization. Thus, the study recommends the need 

for designing appropriate intervention mechanisms focusing on the abovementioned factors so as to improve the performance 

of tomato crop commercialization. 
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1. Introduction 

Tomato (Lycopersicon esculentum Mill.) is one of the most 

important edible and nutritious vegetable crops in the world. 

It ranks next to potato and sweet potato with respect to world 

vegetable production but ranks first as a processing crop [5, 

26]. It is widely cultivated in tropical, subtropical and 

temperate climates and the leading top ten tomato producing 

countries are China, India, Turkey, United State of America, 

Egypt, Iran, Italy, Spain, Mexico and Brazil [13]. As it is a 

relatively short duration crop and gives a high yield, the crop 

is economically attractive and the area under cultivation is 

increasing daily. The current world tomato production 

reached to more than 182.2 million tons cultivated on more 

than 4.7 million hectares of land [13]. 

The climatic and soil conditions of Ethiopia are suitable 

for the production of a wide range of tropical and subtropical 

fruits and vegetables including tomato. According to [13] the 

annual average tomato production in Ethiopia is estimated to 

be about 43,816 tons which is harvested from about 7,089 

hectares of land. Although Ethiopia has huge potential, yet 

average productivity of tomato in the country is very low, 

that is 6.18 tons
1
/ha compared with average productivity of 

16, 96.8, 63.9, 43 and 38.3 tons/ha in Africa, America, 

Europe, Asia and the entire world, respectively [13]. 

Currently tomato is one of the regional export crops of the 

country [15, 6]. 

The tomato crop is mainly cultivated by smallholder 

                                                             

1 ton is equal to 10 quintal. 
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farmers as cash crop in mid- to low-altitude areas of 

Ethiopia. It is one of widely grown vegetable crop as annual 

both in the rainy and dry seasons for their fruits by 

smallholder farmers, commercial state and private farms in 

Ethiopia [15, 28, 4]. The crop is grown between 700 and 

2000 meters above sea level, with about 700 to over 1400 

mm annual rain fall, in different areas and seasons, in 

different soils, under different weather conditions, but also at 

different levels of technology (e.g. with furrow, drip or spate 

irrigation) and yields [7, 15, 6]. 

Production of tomato has been emphasized as a source of 

food security and income in many countries [37]. It has 

very wide importance both as a source of food and health 

care i.e. it constitutes vitamins like vitamin A and C which 

play an important role in human health and is widely 

consumed in every household in different modes including 

raw, as an ingredient in many dishes, sauces, stews, salads, 

and drinks. Tomatoes also contain lycopene, a red pigment 

serving as a natural anti-oxidant, calcium, water, and niacin, 

which are essential for metabolism [36]. Such diverse uses 

make the tomato an important vegetable crop in Ethiopia 

and the production is rapidly increasing in many parts of the 

country. 

Food security continues to be a problem in Ethiopia as it is 

the situation in a number of Sub-Saharan African countries. 

One important step towards achieving food security could be 

increasing productivity through enhancing efficiency in 

production (Wudineh and Endrias, 2016). On other hand to 

enhance productivity of agricultural production, 

commercialization of smallholder agricultural producers 

through increased participation in output markets has been 

one of the best strategy [35, 41, 31] Southern Nations and 

Nationalities Peoples Regional State (SNNPRS) in general 

and Siltie Zone in particular have diverse agro ecology and 

many areas are suitable for growing horticultural crops 

including tomato. Despite the potential of the District for 

vegetable production, its productivity is low due to use of 

low level of improved agricultural technologies, risks 

associated with climatic conditions, diseases and pests. 

Moreover, the nature of the product on one hand and lack of 

organized market system on the other hand frequently 

resulted in low producers’ price [27]. 

According to literature review, there have been different 

empirical studies conducted earlier on commercialization of 

smallholder horticultural crops. For instance Melese et al. 

(2018) on determinants of commercialization by smallholder 

onion farmers in Fogera district, South Gondar Zone, 

Amhara regional State; [20] on determinants of smallholder 

market participation among banana growers in bench Maji 

Zone, Southwest Ethiopia; [3] on commercial behaviors of 

smallholder potato producers in case of Kombolcha woreda, 

Eastern part of Ethiopia; [1] on determinants of smallholder 

farmers participation decision in potato market in Kofele 

district, Oromia regional state; [25] on smallholder market 

participation and its associated factors evidence from 

Ethiopian vegetable producers; [39] on determinants of 

commercialization of agricultural products in East and West 

Gojjam, and Awi Zones, Amahara Region, Ethiopia. 

Although several studies have been conducted on 

commercialization of smallholder agricultural products, very 

little is known about commercialization of tomato crop in 

Siltie Zone. Furthermore, all those finding may not 

applicable to the case of tomato production and marketing in 

Siltie Zone due to diverse agro-ecological zone, difference in 

infrastructural and service distribution and differences in 

technology adoption. Thus, this study was intended to fill this 

gap with the aim of identifying determinant factors of 

smallholder commercialization of tomato output in Siltie 

Zone, Southern Ethiopia. 

2. Analytical Framework of 

Commercialization 

Most recent literatures adopt, Tobit, Heckman’s two stage 

and Double hurdle models to examine crop market 

participation [21]. Heckman two-stage model was developed 

by [19] and has developed a two-step estimation procedure 

model that corrects for sample selectivity bias. Since 

participation in tomato marketing is represented by a binary 

variable, those who participate may be not sale all their 

tomato products which implies that the decision to sell and 

the decision of how much to sell are two separate decisions. 

In Heckman two-stage model the decision to participate can 

alternatively be modeled as two separate processes. The 

model first uses a probit regression with all variables to 

estimate the probability of participation. Then the inverse 

mills ratio is computed from the probit regression and is used 

as a regressor with other explanatory variables to explain the 

outcome of dependent variable. 

The choice of Heckman two stage models is related with 

the advantages compared to Tobit model and it allows the 

determinant factors to vary for participation and level of 

participation. So that to determine the factors influencing 

participation and extent of participation in tomato marketing, 

the Heckman two-stage selection models will be used. The 

decisions to either participate in the market or not and level 

of participation were dependent variables and will be 

estimated simultaneously. Heckman two-step model involved 

estimation of two equations: first, is whether a household 

participated in the tomato market or not, and the second is the 

extent of market participation (proportion of tomato sales). 

The proportion of tomato sales is conditional on the decision 

to participate in the market. Heckman procedure is a 

relatively simple procedure for correcting sample selection 

bias with the popular usage. 

Double hurdle model was first introduced as a class of 

models by [9]. The modeling approach assumes a two-step 

decision process. This is based on the assumption that 

household makes two separate decisions; the first step 

involves the decision whether to participate in the market or 

not participate and secondly the extent of participation. The 

model estimation involves a probit regression to identify 

factors affecting the decision to participate in the market by 
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using all sample households in the first stage, and a truncated 

regression model on the participating households to analyze 

the extent of participation, in the second stage. The limitation 

of the model is it does not capture sample selection bias 

when error of the selection and outcome equation are 

dependent or correlated [23, 16]. 

Tobit model is a statistical model proposed by [40]. Tobit 

model is a special case of censored regression models that 

arise when the dependent variable is limited (or censored) 

from above and/or below. In many cases a Probit or Logit 

model is specified to explain whether or not farmers 

commercialize without considering the intensity of 

commercialization. The Probit or Logit models cannot handle 

the case of commercialization that has a continuous value 

range. One approach of addressing the problem is use of 

Tobit model which interprets the zero observation as corner 

solution and addresses the intensity of commercialization 

[16]. 

3. Materials and Methods 

3.1. Description of the Study Area 

Siltie administrative zone has a total area of 3000 sq. km 

and for administrative purpose; it is structured in to ten 

districts and one urban town. These include Silti, Misrak 

Silti, Dalocha, Lanfro, Sankurra, Hulbareg, Mito, Misrak 

Hazernet, Mirab Hazernet, and Alicho. Worabe town is the 

administrative center of the zone which is found 173 kms 

from Addis Ababa [38]. The land scape of the zone is fairly 

level and found in northern part of SNNPRS and located in 

the North West of Alaba zone, North East of Hadiya zone, 

West of Oromia and South, South West and South East of 

Gurage zone. The zone can be classified into three major 

climatic zones on the basis of altitude, rainfall and 

temperature: 20.6% Dega, 74.4% Woina-Dega and 5% Kolla 

of the total area of the region. Mean annual temperature is 

between 12- 26 C
o
. The rainfall is between 700 and 1818mm. 

Agriculture is the main economic activity and the zone has 

varied ecological zones that range from lowland to highland, 

which makes possible the cultivation of various crop. The 

agricultural sector is characterized by less diversity, low 

productivity and low agricultural technologies, lack of 

adequate marketing and other infrastructure facilities. The 

main economic source of livelihood is based on both crop 

production and livestock rising. Crops which are grown for 

food consumption as well as for income source in the area 

are enset, wheat, barley, maize, bean, pea, haricot bean, 

beetroot, potato, tomato, paper, onion, garlic, cabbage, and 

some other garden spices. Further, oxen and sheep fattening 

for holidays of the year is very common serving as an 

alternative source of income generating strategy of farmers in 

Siltie zone. 

3.2. Data Type and Source of Data 

The study used household survey data that was collected 

from tomato producers in the study area. Both qualitative 

and quantitative data were collected from secondary and 

primary sources. Primary data included both situations of 

production and marketing system from the producing 

farmers. The primary data collected from tomato producers 

focused on demographic characteristics of the household, 

farming experience, livestock owned, size of land allocated 

to tomato production, distance to the nearest market, access 

to credit service, frequency of extension contact, non/off-

farm income, lagged market prices of tomato, current 

market price of tomato, cooperative membership, quantity 

produced and quantity sold. Besides, secondary data on 

total land size, price data, area coverage, and challenges, 

tomato crops growing peasant associations and population 

types were collected from unpublished and published 

materials. 

3.3. Sampling Size and Sample Techniques 

To select representative sample size from tomato 

producers, a three stage sampling techniques were used. In 

the selection process district agricultural office experts were 

consulted. In the first stage, two districts were selected 

purposively based on tomato crop production potential. The 

selected districts are Silti and Misrak Silti. In the second 

stage, three kebeles from each district were selected 

purposively. Then respondents sample size was selected 

from each Kebele using random sample selection technique 

proportional to its household size. The sample frame of the 

study was the list of household obtained in each kebele of 

agricultural office. Finally, 175 sample sizes from 

producers were selected by using random sampling 

technique and interviewed for the study. In calculating 

sample size, if there is no previous related work, pilot 

survey is recommendable and will provide necessary 

information to fix the value of P. However, for the current 

study, due to budget and time constraint, the researchers 

could not carryout pilot survey. Therefore, the following 

assumption is used regarding the value of P. When 

calculating sample size for proportion, there are two 

situations to consider. First, if some approximation of P is 

known (example, from a previous study), that value can be 

used in the formula. Second, if no approximation of P is 

known, one should use P = 0.5. This value will give a 

sample size sufficiently large to guarantee an accurate 

prediction. 

Thus, in this study, p = 0.5 was used. This is because of 

absence of previous study approximation for p value. 

The required sample size was determined by [8] 

proportionate to size sampling. 

n = ����
�� 			                                   (1) 

Where; n = Sample size; Z= confidence level (α = 0.05); 

p = proportion of the population containing the major 

interest, q = 1- p and e = allowable error (0.07). Hence, Z = 

1.96; 

n = 	���
��  = 


.��(�.�)(�.�)
�.���  = 175 
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3.4. Method of Data Analysis 

Econometric model is used to identify the factors that affect 

farmer’s commercialization decision in tomato marketing in 

one hand and extent of commercialization in tomato 

marketing in the other hand. Most recent literatures adopt, 

Tobit, Heckman’s two stage and Double hurdle models to 

examine crop market participation [21, 27]. The choice of 

Heckman two stage models is related with the advantages 

compared to Tobit model and it allows the determinant 

factors to vary for participation and level of participation. So 

that to determine the factors influencing participation and 

extent of participation in tomato marketing, the Heckman 

two-step selection models was used. The decisions either 

participate in the market or not and level of participation 

were dependent variables and were estimated simultaneously. 

Heckman two-step model involved estimation of two 

equations: first, is whether a household participated in the 

tomato market or not, and the second is the extent of market 

participation (proportion of tomato sales). The proportion of 

tomato sales is conditional on the decision to participate in 

the market. Heckman procedure is a relatively simple 

procedure for correcting sample selection bias with the 

popular usage. The specifications for Heckman’s two step 

selection models are as follows: (i) The participation 

equation: the Probit model is specified as: 

Y� = B�X� + e� 

y� = �1	if	y�
∗ > 0

0	if	y�∗ ≤ 0" 	i = 1,2.3…n                 (2) 

Where, Yi* is the latent dependent variable which is not 

observed and Yi is binary variables that assumes 1 if small 

scale tomato farmers i, that participate in the marketing and 0 

other wise. 

Xi = is a vector of independent variables hypothesized to 

affect household decision to participate in tomato market. 

B�= is a vector of parameters to be estimated is normally 

distributed disturbance with mean (0) and 

ei = standard deviation of 1 and captures all unmeasured 

variables 

According to [11, 27], in this study the market 

participation decision is estimated as Y = 1 if the household 

participates in output markets and Y = 0 otherwise. 

Following von [27] the researcher can compute household 

crop output market participation in annual crops as the 

proportion of the value of crop sales to total value of crop 

production, which can be computed as follows: 

'() = *+
*,                              (3) 

Where MP is Market participation, PS is total value of 

tomato sales and PQ is total value of tomato produce. Given 

the nature of market participation level, the farmers are said 

to be market participant if their proportion of value sold is 

more than 75% [32, 34, 27]. Thus, the researchers defined the 

binary response variable as Y = 1 if the farmer’s tomato sales 

exceed a threshold or critical level of Y*(75%) and Y = 0 if 

Y ≤ Y*. Here, the proportion of tomato sold (say, above 

75%) out of the total production by the smallholder farmers 

in the production year was used as the proxy of market 

participation during data collection period [14, 30, 27]. 

(ii) Regression (OLS): Selection model is specified as: 

Q� = ./0/ + μλ� + η�	                        (4) 

Where, Qi= is the proportion of tomato supplied to market; 

αi = is a vector of unknown parameter to be estimated in 

quantity supply equation, 

Zi = is vector of explanatory variables determining the 

quantity supplied; 

µ = is parameter that helps to test if there is a self-selection 

bias in market participation; 

ηi = is the error term. 

λ� = Lambda, which is related to the conditional 

probability that an individual household decide to participate 

(given a set of independent variables), is determined by the 

formula 

λ� = 4(56)

74(56)                            (5) 

Where, f(xβ)  is density function and 1 − f(xβ)  is 

distribution function. 

Before fitting important variables in the models, it is 

necessary to test multicollinearity, heteroscedasticity and 

normality problem among the variables which seriously 

affects the parameter estimates. Several methods of detecting 

the problem of multicollinearity have been used in various 

studies. Two measures are often suggested in the discussion 

of multicollinearity which is the variance inflation (VIF) 

factor for continuous variables and contingency coefficient 

for dummy variables (Tables A1 and A2). 

4. Results and Discussion 

4.1. Characteristics of Households by Market Participation 

The collected data from 175 tomato farmers were analyzed 

to depict the demographic, economic and institution 

characteristics of tomato growers in the districts. Among the 

sampled farmers, 57.71 percent were tomato market 

participants while 42.29 percent were non-market 

participants. Descriptive statistics (percentages, mean, t-test 

and chi-square test) indicated that Market participants and 

non-market participants had statistical significant differences 

with regards to Education level of household head, Family 

size, Land allotted for tomato, Frequency of visits by 

extension agents, Productivity, Distance to nearest market, 

Access to credit and Market agreement. The key features of 

the variables used in the current research are shown in the 

Tables 1 and 2. 
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Table 1. Mean household characteristics by market participation decision. 

Variables 
Mean value of variables for  

Not market participants Market participants Both t-tests 

Age of household head 41.89 40.97 41.36 0.67 

Education level of HH in years 3.73 4.66 4.27 -1.89** 

Family size in adult equivalence 3.36 4.06 3.76 -4.15*** 

Land allotted for tomato 0.21 0.25 0.23 -2.48** 

Frequency of extension contact 4.11 7.39 6.00 -6.18*** 

Distance of nearest market 1.02 0.723 0.85 5.65*** 

Productivity 140.91 167.52 156.27 -2.58*** 

Livestock in TLU 3.87 3.91 3.90 -0.16 

Number of oxen owned 1.46 1.54 1.51 -0.69 

Notes: ***, **, * denote the level of significance at 1, 5, and 10 percent, respectively. 

Source: Model results of survey data (2019/2020). 

Descriptive analyses of the sample households show that 

the average size of land allocated for tomato crop among 

participants was 0.25 ha and 0.21 ha among nonparticipants 

and 0.23 ha in total sample respondents. The value of t-test 

(2.48) shows that there was a significant difference in the 

mean size of land allocated for tomato production between 

participants and non-participants at less than 5% level of 

significance. Educated households may be better able to 

acquire and process information. From the sample household 

heads, 3.73 years of schooling is for not market participants 

and 4.66 years of schooling is for market participants. In 

terms of household size, the results indicate that the mean of 

the household size adult equivalent for the market 

participants was found to be 4.06 while that for non-market 

participants was found to be 3.36. In terms of tomato yield, 

the means of tomato yields for market participants was found 

to be 140.91 quintals per hectare while that for non-market 

participant was found to be 167.52 quintal per hectare. The 

mean of overall tomato yield was found to be 156.27 quintal 

per hectare. The result of the two tailed tests showed that the 

tomato yield was statistically significant at 1% indicating that 

the market participants had more tomato yields than non-

market participants. Farmers travelled the average distance of 

0.85 hours to reach the nearest market. The extension visits 

and interaction with extension agents is a way adopting 

improved technology adoption, information access and hence 

reduces information costs. Additionally, the roles of 

extension agents were to increase improved of agricultural 

technology adoption among smallholder farmers in order to 

boost the volume of production. Table 1 results confess that 

the market participants contact with extension agent 7.39 

times within one production season where as non- market 

participants contact 4.11 times. 

Table 2. Proportion of household characteristics by market participation. 

Variables Category Not market participant (%) Market participant (%) Both Chi-square value 

Sex 
Female 5 (2.8%) 8 (4.57%) 13 (7.43%) 

2.1329 
Male 66 (37.71% 96 (54.86) 162 (92.57%) 

Off farm activities 
Yes 17 (9.71%) 20 (11.43% 37 (21.14%) 

0.2576 
No 57 (32.57%) 81 (46.29%) 138 (78.86%) 

Access to credit 
Yes 4 (2.29% 26 (14.86%) 30 (17.14%) 

12.44*** 
No 70 (40%) 75 (42.86%) 145 (82.86%) 

Marketing 

agreement 

Yes 12 (6.86%) 47 (26.86%) 59 (33.71%) 
17.56*** 

No 62 (35.42%) 54 (30.86%) 116 (66.29%) 

Notes: ***, **, * denote the level of significance at 1, 5, and 10 percent, respectively. 

Source: Source: Field survey results (2019/2020). 

The chi-square result shows that the access to credit was 

statistically significant at 1% indicating that more of market 

participants have access to credit and enter to market 

agreement than non-market participants. Marketing 

agreement has been perceived to increase market 

participation because the farmers are assured of the ready 

market for their produce. In terms of access to credit, the 

result shows that 14.86% of market participants had an 

access to credit while 42.86% did not access. 

4.2. Determinants of Tomato Crop Output 

Commercialization 

First-stage probit estimation results on factors affecting the 

probability of tomato market participation: Heckman’s two 

step model was used to analyze the factors affecting 

smallholder tomato growers’ market participation. The first 

stage of the Heckman selection model or the probit model 

was employed to identify factors influencing tomato market 

participation decision of households in the study area. 

Average marginal effect was used in this study as a useful 

measure to interpret the result as the coefficient of probit 

model is difficult to interpret since it only shows the direction 

of the effect. The likelihood ratio test indicates that, the 

overall goodness of fit of the probit model is statistically 

significant at less than 1% probability level. This indicates 

that the explanatory variables included into the probit model 

regression jointly explain the variations in the tomato 

producers’ probability to participate in tomato market. 
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Pseudo R
2
 is calculated and the obtained values indicate that 

the independent variables included in the regression explain 

significant proportion of the variations in the tomato farmer’s 

likelihood to participate in tomato market. Last, the model 

results indicated that out of 16 explanatory variables, five 

variables explained probability of tomato market 

participation. These variables are education level of 

household head, frequency of extension contact, distance to 

nearest market in walking hours, market agreement and 

condition of lagged price in last production year. 

Table 3. First-stage probit estimation results on factors affecting tomato market participation decision. 

Variables Coef. Std. Err. Z P>z Marginal effect (dy/dx) 

Sex* -0.149 0.410 -0.36 0.716 -0.053 

Age square 0.076 0.222 0.34 0.733 0.027 

Education 0.089* 0.049 1.80 0.072 0.032 

Family size 0.175 0.125 1.39 0.164 0.063 

Farm size 0.615 1.521 0.40 0.686 0.224 

Credit* 0.491 0.385 1.27 0.203 0.169 

Non-farm income* -0.425 0.327 -1.30 0.194 -0.161 

Extension contact 0.115*** 0.041 2.76 0.006 0.042 

Market distance -0.873** 0.364 -2.40 0.017 -0.318 

Farm experience 0.054 0.053 1.03 0.304 0.020 

Productivity -0.0008 0.0027 -0.30 0.763 -0.0003 

Membership coop* 0.126 0.319 0.40 0.693 0.045 

Livestock -0.0169 0.107 -0.16 0.875 -0.006 

Oxen -0.172 0.197 -0.87 0.382 -0.063 

Market agreement* 0.618** 0.315 1.96 0.050 0.212 

Lagged Price* 1.041*** 0.256 4.06 0.000 0.381 

_cons -1.891 1.487 -1.27 0.204  

Log likelihood = -72.946108 

LR chi2 (16) = 93.13 

Prob > chi2 = 0.0000 

Pseudo R2 = 0.3896 

Number of obs = 175 

(*) dy/dx is for discrete change of dummy variable from 0 to 1. 

Note. *** = 1%, ** = 5% and * = 10% significance level. 

Source: Model results of survey data (2019/2020). 

Education level of HH: The positive effect of education 

level of household head implies that, education empowers the 

farmer to access more information and new existing 

opportunities from various markets. This makes a farmer 

with more education to be more informed on market 

requirements in terms of price, quality, and right volume of 

tomato needed by buyers and thus becomes very likely to 

participate in the marketing activities. This is because having 

more market information reduces the searching and 

bargaining costs that smallholder farmers incur in the process 

of finding the right buyer. On the other hand, farmers with no 

education are less informed about market information and 

hence they find it very difficult to participate into the market 

due to high fixed transaction costs. The marginal effect also 

confirmed that, if the year of schooling of household head is 

increased by one year, the probability to participate in tomato 

market increases by 3.2%. These finds are consistence to 

those of [35] who found that, in Nigeria smallholder farmers 

with high level of education were more involved in selling 

their produce to market. 

Distance to nearest market: It was expected to negatively 

affect market participation decision. As the result of probit 

model in Table 3 revealed that distance to nearest market was 

found to have negative significant influence on the 

probability of smallholder farmers to participate in the 

tomato output market. The sign negative means that as 

distance to nearest market increases, the probability of farm 

household’s towards commercialization of their farming 

system reduces in the study area. This is because as the 

distance to nearest market increases, the transportation cost 

increases as well, this is a hindrance to market participation. 

The marginal effect revealed that as the distance to nearest 

market increase by one hour, the probability of household to 

participate in the output market decreases by 31.8%. This 

finding concurs with the finding of [24, 24] who reported that 

farmers’ decision on market entry is negatively and 

significantly related to the market participation. 

Frequency of extension contact: It is also found that 

frequency of contact with extension agents is positively and 

significantly influencing the probability of selling tomato at 1% 

significance level. The roles of extension agents were to 

improve of agricultural technology adoption among smallholder 

farmers in order to boost the volume of production. In addition, 

extension service delivered in the area in relation to the 

agronomic practices producers had to perform contributed 

positively in enhancing the productivity of tomato in the area. 

Marginal effect exposes, being more contact with extension 

specialists increases the probability to participate in the tomato 

market by 4.2%. This result is consistent with [27, 42] access to 

extension service was negatively and significantly associated 

with crop sale volume. 

Tomato lagged price: It is another variable which was 

found to significantly affect market participation decision of 

tomato producers at 1% level of significance in this study. 
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Price is the crucial instrument in marketing because lower 

price is a disincentive to market participation. The results 

showed if the former price (price of 2018/2019) is good 

enough, the probability to participate in the output market 

will increase by 38.1% in the study area. This result is in line 

with [12] that found the price has positive significant 

relationship with market participation decision in the market. 

Market agreement: This variable significantly and 

positively influences market participation at 10% 

significance level. This implies that as contract-marketing 

increase, the probability of participation in tomato market 

increases by 21.2%. This result contrasts with prior 

expectation and the findings of [27]. The reasons behind that 

most of farmers were under contract and the ready market did 

absorb maximum products their tomato produce. Moreover, it 

will minimize the burden of searching other market and 

perishability of the product. 

Results of second-stage Heckman selection estimation on 

factors affecting the volume of supply: The overall joint 

goodness of fit for the Heckman selection model parameter 

estimates is assessed based on the likelihood ratio test. The 

null hypothesis for the likelihood ratio test is that all 

coefficients are jointly zero. The model chi-square tests 

applying appropriate degrees of freedom indicate that the 

overall goodness of fit for the Heckman selection model is 

statistically significant at less than 1% probability level. This 

shows that jointly the independent variables included in the 

selection model regression explain the marketed surplus. To 

determine factors influencing marketable supply, second 

stage of Heckman selection (OLS) model was employed. In 

the second stage selection model, nine explanatory variables: 

education, family size, tomato land allotted, productivity, 

frequency of extension contact, market distance, market 

agreement, lagged price and lambda affected volume of 

tomato supply. 

Table 4. Results of second-stage Heckman selection estimation on factors affecting the volume of supply. 

Variables 
Robust 

Coef. Std. Err. P>|t| 

Sex -1.380 1.119 0.219 

Age squared 1.092 0.837 0.194 

Education 0.599*** 0.172 0.001 

Family size 1.639*** 0.530 0.002 

Land size 93.903*** 7.006 0.000 

Credit 2.298 1.422 0.108 

Non-farm income -0.901 1.305 0.491 

Extension contact 0.845*** 0.255 0.001 

Market distance -6.344*** 1.854 0.001 

Farm experience 0.250 0.209 0.234 

Productivity 0.142*** 0.0129 0.000 

Livestock -0.613 0.386 0.114 

Market agreement 4.034*** 1.276 0.002 

Lagged Price 6.576*** 1.954 0.001 

LAMBDA 6.196** 2.453 0.013 

_cons -40.552*** 6.675 0.000 

rho | 1.00000 

  

Sigma 12.343 

Number of obs = 175 

Censored obs = 75 

Uncensored obs = 100 

Wald chi2 (14) = 171.78 

Prob > chi2 = 0.0000 

Note: *** and ** show the values statistically significant at 1% and 5% probability level respectively. 

Source: Model results (2019/2020). 

Family size: Also the increase in the size of households 

will imply more supply of labor and thus more tomato will be 

produced by those households. This in turn will increase the 

likelihood of the farmers to decide quickly to participate in 

the market and sell more tomato. Table 4 reveals that the 

variable ‘family size’ is statistically significant at 1% level 

and has positive influence on the level of market 

participation of households. This means that as the family 

size increases, the volume supplied to a market increases. 

This is due to the role of family size in boosting total 

production level and thus sales of surplus produce. Moreover, 

farm households with large farm size could allocate their land 

partly for food crop production and partly for cash crop 

production giving them better position to participate in the 

output market. This result is in line with [17, 34]. 

Education level of HH: Literacy has showed positive effect 

on tomato quantity sold with significance level at 1%. On 

average, if tomato producer gets educated, the amount of 

tomato supplied to the market increases by 0.59 quintal. The 

result further indicated that, education has improved the 

producing household ability to acquire new idea in relation to 

market information and improved production, which in turn 

enhanced productivity and thereby increased marketable 

supply of tomato. This is in line with [27] who illustrated that 

if onion producer gets educated, the amount of onion 

supplied to the market increases, which suggests that 
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education improves level of sales and thus affects marketable 

surplus. 

Land allocated for tomato production: As expected, 

proportion of land allocated for tomato production had a 

positive and significant influence on the level of tomato sold 

at less than 1% probability level of significance. The 

implication is that the farmers having large size land plot for 

tomato can produce more tomato through by adopting new 

technologies for surplus amount of production and also 

encourage level of marketable surplus. Data in Table 4 shows 

that a land allocated for tomato production increases in 

hectare increases the level of tomato sold by 93.9 quintals. 

This result is in agreement with the finding reported by [2, 

29, 22, 27] which show that proportion of land allocated for 

output production positively affected marketable surplus of 

outputs. 

Frequency of extension contact: As hypothesized 

frequency of agricultural extension contact per year 

significantly and positively influence the level of supplied to 

market at less than 1% level of significance. From Table 4, 

an increase in the agricultural extension contact increased the 

marketable supply by 0.84 quintal. This finding is confirmed 

with the finding of [34, 22] that Agricultural extension 

services appear effective in inducing market orientation for 

smallholder farmers. 

Productivity: As hypothesized, result shows that marketed 

surplus was significantly affected by tomato yield at less than 

1%. The positive coefficient indicates that a unit increase in 

tomato yield produced will increase the marketable supply of 

farmers. The result also implies that, a unit increase in the 

tomato yield produced can cause an increase of 0.14qt 

(quintal) of marketable tomato. This denotes farmers’ with 

higher productivity (yield) are willing to supply more farm 

output in market. This is in line [27] who illustrated an 

increase of onion yield, increased marketable supply of the 

commodities significantly. 

Market distance to nearest urban center: As expected, the 

survey results showed that distance from the district market 

is negatively related with level of tomato crop supplied to 

market at 1% significance level. The result could be 

attributed to the fact that the farther away a farmer is from 

the market, the more difficult and costly it is to get involved. 

An increase in walking hour by 1hour decreases the level of 

tomato crop supplied to market by 6.34qt. This finding is 

confirmed with the study conducted by [22] who found that 

being closer to the market enhanced market participation. 

Market agreement: The coefficient of contract marketing 

was found to be positive and strongly significant. Being in 

contract marketing increases the volume of tomato sale by 

4.034qt. This denotes that the farmers who were marketing 

under contract sold more of tomato produce due to 

availability of ready market. The finding is in line with that 

of [21, 27] who found an increase in formal market 

participation with the availability of contractual agreement 

amongst smallholder and emerging farmers in the Kat river 

valley, South Africa and in the Ethiopia respectively. 

Lagged price: Lagged price significantly and positively 

influenced the extent of market participation at 1%. The 

results showed if the former price (price of 2018/2019) is 

good enough, the volume supplied in the output market will 

increase by 6.57qt in the study area. These study findings are 

consistent with the economic theory, law of supply, which 

stipulates that the increase in price of good leads to the 

increase in quantity supplied. [20] Found a positive 

significant relationship between price and quantity of food 

beans supplied to market in Nyanza District of Southern 

Province, Rwanda. 

Inverse Mill’s Ratio: It was significant and positively 

related to the level of tomato commercialization at less than 

10% significance level, which implies that there are 

unobserved factors that might affect both probability of 

tomato farm households’ market participation decision and 

marketed surplus. This confess that, there is sample selection 

bias; which implies the existence of some unobserved factors 

responsible for tomato growers’ likelihood to participate in 

market and thereby the level of market participation. The 

positive sign of lambda shows that there are unobserved 

factors that are positively affecting both participation 

decision and marketed surplus of tomato. The sign of rho is 

positive, indicates that unobserved factors are positively 

correlated with one another. Sigma=12.34 represents the 

adjusted standard error for the level of market participation 

equation regression; and the correlation coefficient between 

the unobserved factors that affecting decision in to market 

participation and unobservable that affecting participation 

level is given by rho=1.00000. 

5. Conclusion and Recommendations 

5.1. Conclusion 

Transforming the subsistence-oriented production system 

into a market-oriented production system is vital to improve 

the smallholder farmer’s livelihoods and reduce rural 

poverty. Silti and Misrak Silti are potential tomato crop 

producing districts found in Siltie Zone, Southern Ethiopia. 

However, the productivity and market participation of tomato 

in these districts was limited. This study has sought to 

investigate and assess factors determining of tomato crop 

commercialization among smallholder farmers in these two 

districts. In this study, since tomato is commercial crop, 

smallholder tomato producers who supply more than 75% of 

their produce to the market are considered as market 

participant. According to first stage Heckman two step 

selection model, education level of household head, lagged 

price, frequency of extension contact, market agreement and 

market distance are important factors which determine the 

decision in tomato market participation. When previous year 

price is attractive enough, tomato producers motivated to 

produce more and supply more. On the other hand, frequency 

of extension contact has a great impact on tomato 

commercialization. If extension agents support smallholders 

from the point of production to post harvest management, 

producers easily can be commercialized producers rather 
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than subsistence farmers. Market distance also affects market 

participation decision negatively. As distant to the market 

increases, smallholder farmers’ participation to the market 

decreases. This factor is also related with road and transport 

problems. 

According to second stage Heckman selection model, 

education level, household size, area for tomato cultivation, 

frequency of extension contact, market distance, productivity, 

market agreement and lagged price are important determinant 

of the level of tomato crop commercialization. The size of 

land allocated for tomato crop affected the smallholder 

commercialization of tomato crops positively and 

significantly. However, increasing the size of landholding 

cannot be an option to increase horticultural crops supply 

since land is a finite resource. Therefore, intervention aims to 

increase productivity of horticultural crops per unit area of 

land through proper utilization of land resource in the district. 

Increasing the productivity of horticultural crops per unit area 

of land through promoting and delivering technology 

packages to smallholders that would increase productivity of 

smallholders and enables them to link up with crops output 

market would be a better alternative for smallholder 

commercialization. This intensification of agricultural 

production should be supported with small scale irrigation 

development to increase the cropping intensity as to enhance 

the comparative advantage of smallholders in the production 

of horticultural crops. Thus, in order to improve livelihood of 

the society concerned body should have to work on both 

productivity increment and marketing aspect. 

5.2. Recommendations 

Government and other concerned bodies should have to 

assist smallholder farmers based on the following policy 

direction. 

Provision of extension service and access to farmers’ 

cooperatives should be strengthened, improved and support 

producers to become market oriented and participant for the 

supply of inputs and output marketing. This joint effort of 

development agent, agricultural experts, researchers and 

other stakeholders on identifying and solving problems, 

availing of new agricultural technology, transfers of 

improved technology and information to farmers are 

compulsory to enhance commercialization so as to improve 

livelihoods. 

Integrate farmers to system of vegetable intensification by 

strengthening the existing provision of formal and informal 

education through facilitating all necessary materials; 

improve the existing tomato production and productivity 

system through adopting improved and recommended 

agricultural technology to increase productivity as well as 

commercialization. 

Finally, developing market infrastructure through 

inaugurate the vegetable market center nearest to the farmer’s 

residence or production area to decrease the perishability of 

the tomato, provision of marketing incentives to smallholder 

farmers are recommended to enhance commercialization of 

agriculture in area. 

Appendix 

Table A1. Multi-collinearity. 

Variable VIF 1/VIF 

Oxen 2.01 0.498161 

Extcontact 1.91 0.524912 

Livestock 1.80 0.556386 

Agesqrt 1.77 0.566225 

Ltomato 1.75 0.571944 

Productivity 1.75 0.571986 

Education 1.60 0.626649 

Texperience 1.37 0.730317 

Fsize 1.32 0.758958 

Marktdist 1.19 0.840344 

Mean VIF 1.64 
 

Table A2. Contingency coefficient. 

Variables SexHH Credit Magrmt Mcoop LagPrice Tvariety 

SexHH 1.0000       

Credit 0.1874 1.0000      

Magrmt 0.1042 0.2982 1.0000     

Mcoop 0.1658 0.1713 0.2462 1.0000    

LagPrice 0.0496 0.1078 0.2136 0.0774 1.0000   

Tvariety 0.1098 0.3253 0.3223 0.2546 0.2749 1.0000  

Source: Computed based on model output. 
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