


Effect of Seed Source Selection on Wheat Yield among Smallholder Farmers in Gedeo Zone, Southern Ethiopia

Abstract 
Ethiopia is among the leading wheat-producing countries in Sub-Saharan Africa; however, productivity among smallholder farmers remains low due to multiple structural constraints, of which seed insecurity is particularly critical. In response to limited availability of certified seed, many farmers rely on informal seed a source, which adversely affects yield performance. Meanwhile, extension efforts have largely emphasized area expansion rather than strengthening seed systems. Despite the economic implications, limited empirical evidence exists on the independent effect of seed source selection on wheat productivity. This study therefore examines the impact of seed source choice on wheat yield while holding other agronomic practices relatively constant and estimates the associated productivity loss. A cross-sectional survey of 203 households was conducted across four kebeles in Gedeo Zone using a multistage sampling technique. Data were collected through a structured questionnaire and analyzed using descriptive statistics and inferential methods. To address selection bias and estimate causal effects, a propensity score matching (PSM) approach was employed. The results reveal that farmers using certified seed from formal sources achieve, on average, an additional 10.87 quintals per hectare compared to those relying on informal seed systems. The estimated treatment effects are statistically significant across multiple matching algorithms, confirming the robustness of the findings. The study concludes that limited access to formal seed sources results in substantial productivity and economic losses for smallholder farmers, even under comparable production conditions. Strengthening seed system coordination and improving access to certified seed through integrated efforts by extension services and seed enterprises at regional, zonal, and woreda levels is therefore essential to enhance wheat productivity.
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Introduction
Seed is a fundamental agricultural input that plays a central role in improving crop productivity, supporting sustainable agricultural development, and ensuring food security [1, 2]. Seed security refers to a condition in which farming households have continuous access to adequate quantities of good-quality seed at the right time and place for planting [3]. Achieving seed security contributes directly to household food security [4]. Conversely, seed insecurity is widely recognized as one of the major production challenges faced by smallholder farmers.
In Ethiopia, seed insecurity has been extensively documented as a persistent constraint, drawing increasing research attention. Evidence from [5] shows that inadequate access to quality seed significantly undermines smallholder agricultural production. For example, [6] found that only 33 percent of the total wheat area in the country is planted with improved seed provided by public seed enterprises, while the remaining 67 percent relies on farmers’ own saved seed or supplies obtained from local markets. Similarly, [7] reported that in Northern Ethiopia only 39.6 percent of wheat seed is sourced from the formal sector, with the majority coming from informal sources. According to [8], despite major reforms in Ethiopia’s seed system, the sector still struggles to provide farmers with timely access to improved varieties. Furthermore, [9] noted that although improved seed is essential for enhancing productivity, a large proportion of farmers are unable to obtain good-quality seed when needed. Scholars generally agree that seed insecurity among smallholder farmers arises from policy gaps, weak institutional performance in seed organizations, and various socioeconomic characteristics of farming households.
Since the 1970s, Ethiopia has introduced several institutional reforms in the seed sector, including the establishment of national regulatory bodies, public seed enterprises, and regional research and seed institutions. However, these reforms have not sufficiently resolved seed insecurity challenges, partly because policy frameworks have not been adequately revised to reflect farmers’ evolving conditions or to meet the growing demand for improved seed [10, 11, 12].
Several studies also highlight that the limited functional capacity of seed organizations further contributes to seed insecurity. The seed distribution system frequently experiences shortages of quality seed, transportation challenges, and delays in delivery, forcing many farmers to rely on farm-saved seed or local markets [3, 6]. Weak coordination among stakeholders and limited private-sector involvement continue to restrict timely access to improved seed in adequate quantity and quality [8, 9].
Farmers’ demographic, socioeconomic, and institutional characteristics also influence their access to and use of formal seed sources. According to [13], long distances to seed supply centers, high transportation costs, poor road infrastructure, and inadequate storage facilities negatively affect farmers’ seed access. Moreover, [14, 15] noted that the limited availability of quality seed at the required time and place is a key factor behind the low adoption of improved crop varieties. Weak integration between research and extension systems further constrains the dissemination of information, technologies, and resources needed for effective seed utilization [16]. Additionally, [9] found that many farmers continue to depend on saved seed because of strong trust in local landraces, while [7] showed that high seed prices, low quality, delayed availability, and limited access to credit remain major barriers to obtaining improved wheat seed from formal sources.
Ethiopia ranks as one of the leading wheat-producing countries in Africa in terms of both cultivated area and total production. Wheat is grown by an estimated 4.7 million smallholder farmers, the majority of whom are located in the Oromia, Amhara, Southern Ethiopia, and Tigray regions [17, 18, 7]. As a major staple food and an important cash crop, wheat occupies a central position in national strategies aimed at enhancing food security and reducing dependence on imports [19]. Nevertheless, wheat production continues to be affected by persistent structural and institutional constraints, including low household purchasing power, limited access to agricultural credit, untimely seed distribution, poor seed quality, and an inadequate supply of improved varieties through formal seed delivery systems [20].
Existing empirical studies in Ethiopia have predominantly examined the adoption of improved wheat varieties and their associated yield outcomes. In contrast, relatively little attention has been given to seed source selection as an independent factor influencing wheat productivity, particularly with respect to differences between formal and informal seed systems under smallholder farming conditions. In Southern Ethiopia and in the Gedeo Zone in particular, access to formal seed sources remains highly limited, despite favorable agroecological conditions for wheat cultivation. As a result, many farmers continue to rely on local or repeatedly recycled seed, which constrains yield performance [21]. Evidence from Gedeb Woreda indicates that the use of improved wheat varieties in combination with recommended nitrogen fertilizer rates can result in yields of up to 3.8 t/ha [22], revealing a substantial disparity between achievable yields and those realized at the farm level.
Despite this, empirical evidence that quantitatively distinguishes the yield effects associated with different wheat seed sources, separate from varietal attributes, remains scarce. Moreover, limited research has examined the household-level socio-economic factors that influence farmers’ decisions regarding seed source selection. This knowledge gap is particularly evident in the highland areas of Southern Ethiopia, where informal seed exchange systems continue to dominate wheat seed supply. By systematically comparing wheat yield outcomes between users of formal and informal seed sources and analyzing the determinants of seed source choice, this study contributes new empirical evidence on the role of seed system characteristics in shaping productivity outcomes beyond varietal adoption alone. Such evidence is critical for informing targeted seed system interventions and policy measures aimed at improving wheat productivity and strengthening seed supply systems in the study area.
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[bookmark: _Toc153143358]Description of the Study Area
The study was carried out in the Gedeo Zone of Southern Ethiopia, a highland area situated around 6° N latitude and 38° E longitude (Fig. 1). The zone, which extends along the Addis Ababa–Moyale highway, covers approximately 1,347 km² and is predominantly rural. It experiences a sub-humid tropical climate with bimodal rainfall patterns ranging from about 1,200 to 1,800 mm per year. Gedeo encompasses three principal agro-ecological zones; Dega, Woyna Dega, and Kola which support a wide range of agricultural activities [23].
The zone is particularly renowned for its long-established indigenous agroforestry system, which remains central to local livelihoods. This system combines trees, shrubs, and multiple crop types to sustain high population density and diversified farming. Farmers commonly cultivate maize, enset, coffee, fruit crops, and vegetables, while also engaging in livestock rearing [24, 25, and 26].
Wheat production occurs in several woreda within the zone; however, its productivity is limited by inadequate access to improved seed. Reports from district agricultural offices show that only a small share of wheat farmland is planted with improved varieties, resulting in notable yield disparities between households that use certified seed and those that rely on local or recycled seed sources [27].
Research Design
A cross-sectional research design was employed, integrating quantitative and qualitative approaches. Data were collected once from all selected respondents over a four-week period.
Sampling Procedure and Sample Size Determination
A multistage sampling method combining probability and non-probability techniques was applied. In the first stage, the Gedeo Zone and two woredas—Gedeb and Choriso—were purposively selected based on the mandate of the supporting institutions and the woredas’ relatively high suitability for wheat production. In the second stage, two kebeles were randomly selected from each woreda: Gubeta and Galcha from Gedeb, and Dibadinbe and Gubeta Qabata from Choriso. These kebeles were chosen after consultations with woreda agricultural experts regarding their wheat production potential. In the final stage, the sample size was determined using Yamane’s formula. Out of the 412 wheat-producing households in the four kebeles, a total of 203 households were proportionally selected, including both users and non-users of formal seed sources (Table 1).

Where  =is the total population size (in this case wheat producer farmers in four sample kebele),
 =is the level of precision (0.05 at 95% confidence level)
= is the total sample size selected from four sample kebele 


Data Collection Method
Type and Source of Data
The study relied on both quantitative and qualitative data obtained from primary and secondary sources. Primary data were collected through household surveys administered in the selected kebeles of Gubeta, Galcha, Dibadinbe, and Gubeta Qabata. Secondary data were gathered from annual reports produced by woreda and zonal agricultural bureaus, as well as from published literature obtained through both print and online sources.
Data Collection Techniques
Household Survey
The household survey was used to generate quantitative information on socioeconomic and demographic attributes and institutional conditions. A semi structured questionnaire served as the main instrument for data collection. Four trained enumerators from the Hawassa Agricultural Research Center conducted the interviews, two of whom held MSc degrees while the remaining two held BSc degrees. All enumerators possessed more than three years of field data collection experience. Interviews were administered through face to face interactions in Amharic and the local language, Gedeogna, with the sampled wheat farming households.
Document Review
Secondary data were obtained through the systematic review of unpublished and published documents. Unpublished sources included annual reports from the agricultural offices of Gedeb and Choriso woredas and from the Gedeo Zone Agricultural Development Office. Published sources consisted of journal articles, books, and theses. The review focused on wheat seed supply systems and the constraints farmers encounter in adopting improved wheat varieties. This document review was carried out concurrently with study planning, field data collection, and report preparation.
Methods of Data Analysis
After data collection, the dataset underwent entry, cleaning, management, and analysis. Descriptive and inferential statistical methods, together with econometric modeling, were applied.
Descriptive statistics, including mean, frequency, standard deviation, and percentage, were used to summarize the demographic and socioeconomic characteristics of the respondents. Inferential methods were employed to examine relationships and differences between groups. The chi square test was applied to assess associations between wheat seed source and categorical variables, and the t test was used to compare mean values of continuous variables between farmers using formal seed sources and those relying on informal sources.
The study employed the propensity score matching model to estimate the effect of improved wheat seed on household wheat productivity. Propensity scores were generated using the probit model based on observable covariates. Although productivity differences can be compared through simple descriptive statistics, such comparisons do not provide causal estimates. The use of formal seed is influenced by farmers’ socioeconomic, demographic, and institutional attributes, which introduces endogeneity. Therefore, an appropriate econometric approach is needed to identify the true impact of formal seed source use.
Methods such as the difference in difference technique require multiyear yield records for individual farmers, which were not available at either the kebele or household level. To address this limitation, the study evaluated productivity differences between formal seed source users and non-users under comparable conditions, with seed source being the only distinguishing factor. Propensity score matching was used for this purpose, comparing wheat yields of households that obtained improved seed from formal sources with those relying on seed from informal channels.
In this framework, farmers using improved wheat seed represent the treatment group, while those using locally sourced seed constitute the control group. These two groups cannot be directly compared because differences in outcomes may arise even in the absence of treatment due to self-selection bias. Establishing comparability is therefore essential before constructing the counterfactual. The concept of propensity score matching introduced by earlier scholars demonstrates that the bias caused by self-selection can be reduced by matching treated and untreated individuals on the basis of their propensity scores.
In the context of this study, self-selection arises because the use of improved wheat seed distributed through formal sources is not random. Farmers who access improved seed may differ systematically from those using local seed in terms of socioeconomic characteristics, location, and other factors that influence productivity. Propensity score matching addresses this bias by estimating the probability of treatment using a probit model and matching each improved seed user with one or more non users who share similar observable characteristics. The model then estimates the average productivity difference between the two groups.
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Where, Yi* is a latent variable representing farmers’ decision to use improved wheat seed from formal seed sources, Yi is the observed status of using improved seed from formal sources by each farmer, and X is an explanatory variable that includes farmer and farm characteristics (socio-economic, demographic and institutional), β is a parameter to be estimated and ui is a normally distributed error term.
After estimating the propensity scores, matching procedures were applied to pair each farmer who used improved wheat seed with farmers who used local seed but had similar propensity scores. Four matching algorithms were initially tested, namely nearest neighbour, stratification, radius, and kernel matching. Based on the significance of the t statistics and the number of treatment and control observations retained in each method, three algorithms were selected for the final analysis. Radius matching was excluded because it removed a large portion of the treatment and control samples.
The next requirement in the analysis was to confirm the balancing property of the matched sample. This property ensures that farmers in the common support region share similar distributions of observable characteristics, regardless of whether they used improved or local wheat seed [32]. The balancing tests indicated that the matched samples met this requirement, allowing the analysis to proceed.
The study then assessed the existence of adequate common support and sufficient overlap between formal seed source users and local seed users. This was examined by comparing descriptive statistics, including the mean, minimum, and maximum values of the propensity scores, and by inspecting the kernel density distribution. The results confirmed adequate overlap and a clearly defined common support region.
The final step involved estimating the causal effect of using improved wheat seed obtained from formal seed sources on wheat yield. This effect was measured using the average treatment effect on the treated, also known as the ATT. The ATT represents the mean difference in wheat productivity between the treatment group and a comparable control group matched on propensity scores and located within the common support region.
The analytical framework for this study was based on utility maximization theory. Wheat producers are assumed to choose a seed source that maximizes their expected utility. Let U1i represent the utility that the ith farmer derives from using improved wheat seed from a formal source, and U2i represent the utility from using local wheat seed from an informal source. The utility functions depend on farmer specific characteristics, expressed as X (for example age, sex, or land size), and a random disturbance term with a mean of zero:
U1i = β1Xi + €i1, where U1i is the latent utility associated with using improved seed
U2i = β2Xi + €i2, where U2i is the latent utility associated with using local seed
Because these utilities are unobservable, the ith farmer selects improved wheat seed if U1i is greater than U2i.
The difference between these two utilities, expressed as AU = U1i − U2i, cannot be directly measured. In this study, the difference is represented by the gain in wheat productivity associated with using formal seed sources, which corresponds to the ATT. Formally:
ATT = E(Y1|D=1)
This is the expected wheat productivity for farmers who used formal seed sources .
ATU = E(Y0 | D =0)
This is the expected wheat productivity for farmers who used local seed.
The average effect of formal seed sources use on farmers is expressed as:
ATT = E (Y1 | D = 1) − E (Y0 | D = 0)
Here, Y1 and Y0 denote the average wheat yield in quintals per hectare for formal seed source users and local seed users respectively. The variable D represents treatment status and takes the value of one when a farmer uses improved wheat seed from a formal source and zero when the farmer relies on local seed from an informal source.
RESULT AND DISCUSSION  
Data description
This chapter presents the socio economic and demographic characteristics of the sampled households and analyzes the effect of different wheat seed sources on grain yield. It highlights major associations and means differences between farmers using formal and informal seed sources (Table 2 and Table 3).
Among the categorical variables, only the social position of the household head exhibited a statistically significant association with the choice of seed source. Households whose heads held leadership or socially recognized roles were more likely to obtain seed from formal channels (Table 2). Among the continuous variables, age, educational attainment, total landholding, land allocated to wheat, livestock ownership, total household income and frequency of extension contact showed significant mean differences between the two groups (Table 3).
Overall, users of formal seed sources were younger, more educated and relatively better endowed with resources. They cultivated larger plots, earned higher incomes, owned more livestock and interacted more frequently with extension agents (Table 3).
These results show that household assets, socio economic standing and access to information strongly influence seed source decisions. Understanding these determinants is essential for formulating interventions that enhance the uptake of formal seed sources among smallholder farmers.
Impact of formal seed sources on wheat Productivity

Factors affecting farmers’ use of formal seed sources 
Before estimating the productivity effect of wheat seed obtained from formal sources compared with seed obtained from informal sources, a probit regression model was used to identify how selected covariates influence a farmer’s likelihood of using improved wheat seed. The probit model (Table 4) included twelve explanatory variables, of which five were statistically significant at the 1, 5 and 10 percent levels. Education, social position and extension contact positively influenced the use of formal seed sources, whereas limited seed quantity and greater market distance reduced the likelihood of obtaining seed from formal suppliers (Table 4).
The model diagnostics confirmed a good fit. The likelihood ratio chi square value of 131.55 with a p value of 0.0000 (Table 4) shows that the overall model is statistically significant compared to a null model. The pseudo R squared value of 0.5622 indicates that 56.22 percent of the variation in the use of formally sourced wheat seed is explained by the included covariates, demonstrating that the model is properly specified (Table 4).
Education level: Education significantly and positively influences the use of formally sourced wheat seed at the 1 percent significance level. A one year increase in education raises the probability of adopting improved wheat seed by 25.7 percent, holding all other variables constant. This effect is likely related to improved access to information among more educated farmers. This result supports the finding of [32], which notes that better educated households are more likely to adopt improved bread wheat technologies.
Social position: The social position of the household head significantly increases the likelihood of using formally sourced wheat seed at the 5 percent significance level. Compared with household heads that do not hold leadership or recognized roles in the community, those with social positions are 29.2 percent more likely to use formal seed sources. This may reflect greater access to information and training opportunities. This finding aligns with [33], which reports that participation in social organizations strengthens information sharing and enhances the adoption of improved wheat technologies.
Seed market distance: The distance to the seed distribution center significantly and negatively affects the use of improved wheat seed at the 10 percent significance level. A one kilometre increase in distance reduces the probability of formal seed sources by 21.7 percent. Longer distances increase transaction costs, leading farmers to prefer seed sources located nearby. This result is consistent with [33], which found that greater market distance decreases the probability of adopting wheat technology packages.
Seed quantity: A shortage of seed supply significantly reduces the likelihood of using improved wheat seed at the 10 percent significance level. A one unit reduction in seed quantity decreases the probability of using formal seed sources by 56 percent. This agrees with [34], which observed that farmers intending to adopt new varieties often fail to do so because of seed access constraints.
Extension contact: Frequency of extension contact has a positive and significant effect at the 1 percent significance level. A one unit increase in extension contact raises the likelihood of using improved wheat seed from formal sources by 17.6 percent, assuming other variables remain constant. This implies that regular interaction with extension agents increases awareness of the benefits of formal seed. This result supports the findings of [32], which state that farmers with frequent extension contact are more likely to adopt improved bread wheat technologies.
Overlap and common support regions
After estimating the propensity scores, the next step was to assess whether sufficient common support existed between users of improved wheat seed and users of local seed. Adequate overlap in propensity scores is essential to avoid biased impact estimates. As indicated in Table 5, the predicted propensity scores for formal seed source users ranged from 0.048783 to 1, with a mean of 0.7980889. For local seed users, the scores ranged from 0.0000869 to 0.9478141, with a mean of 0.185334.
Comparison of the minimum and maximum scores for both groups identified the common support region as 0.048783 to 0.9478141. Households with propensity scores outside this range were excluded from matching. Based on this criterion, 73 of the 203 households (35.96 percent) fell outside the support region. This shows that the overlap requirement is satisfactorily met (Table 5).
The density plot of propensity scores (Figure 2) further illustrates adequate overlap. The distribution of scores for formal seed source users and local seed users satisfies the common support condition. Households within the treated support region found appropriate matches among local seed users, whereas households outside this region lacked suitable matches and were thus not included in ATT estimation.

Effect  (ATT) of formal seed source use on productivity
After estimating the propensity scores, matching was undertaken between farmers using improved wheat seed from formal sources and those using local seed from informal sources. Four matching algorithms were applied: nearest neighbor, radius, stratification and kernel matching. Three algorithms were retained for final analysis because radius matching dropped a substantial number of observations and produced an insignificant t value (Table 6). Productivity effects were estimated using 2023 yield data.
The ATT estimates from all retained algorithms are statistically significant at the 1 percent level. ATT values range from 9.903 to 11.845 quintals per hectare. The combined results (Table 6) show that farmers using improved wheat seed obtain, on average, an additional 10.87 quintals of wheat per hectare relative to those using local seed. The t test results confirm strong statistical significance, indicating that improved seed from formal sources substantially enhances wheat productivity.
These findings are in line with earlier studies. [35] Reported that adopters of improved wheat varieties achieve 30 to 38 percent higher productivity. [36] Found that improved seed users produce about 35 percent more per hectare. [37] Observed productivity gains of 10 to 11 quintals per hectare among improved seed adopters. [38] Noted yield gains of 14 quintals per hectare on marginal lands. [39] Documented an average productivity increase of 16.62 quintals per hectare for rust resistant varieties. [40] Showed that full adopters achieve 61 to 67 percent higher productivity than non-adopters. [41] Estimated a gain of 0.63 tons per hectare, while [42] reported that farmers sourcing seed from formal channels consistently achieve higher yields than those relying on informal sources.
Simulation based sensitivity analysis for Estimator
When unobserved variables influence both treatment assignment and the outcome, hidden bias may arise, reducing the robustness of matching estimators [30]. To assess this possibility, a simulation based sensitivity analysis was conducted using the Sensatt package. The baseline ATT was compared with simulated ATT values generated under the assumption of a confounding variable.
As indicated in Table 7, the simulated confounder (U) explains 1.123 percent, 6 percent, 10.3 percent and 11.4 percent of the baseline ATT for the algorithms attr, attk, attnw and attnd, respectively. This suggests that the observed productivity difference between formal seed source users and local seed users is largely attributable to the type of seed used. The influence of other unobserved factors is minimal and does not alter the interpretation of the treatment effect. The results therefore confirm the robustness of the matching estimators.
Conclusion and Recommendations
This study examined seed source choices and their impact on the productivity of smallholder wheat producers using statistical and econometric approaches. The findings lead to the following conclusions.
Farmers obtain wheat seed from both formal and informal sources. Even though farmers using either seed source follow generally similar agronomic practices, a clear productivity difference exists. The PSM model shows that farmers using seed from formal sources gain, on average, 11 quintals more wheat per hectare than those using informal seed sources.
To ensure that smallholder farmers fully benefit from the potential economic gains associated with improved seed sources from formal seed sources; regional, zonal and woreda level extension services and seed enterprises should prioritize enhancing access to improved wheat seed. Strengthening communication and coordination among seed system actors is critical. Policymakers should also establish a supportive policy framework that encourages the entry of new seed enterprises and expands the capacity of existing enterprises through structural reallocation at zonal and woreda levels.
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[bookmark: _Toc144256816]Table 1: Distribution of study household by kebeles
	Woreda 
	Kebele
	Total HH*
	Sample HH**
	Sample HH from Strata-1 (formal seed sources users)
	Sample HH from strata-2 (informal seed sources users)

	Gedeb 
	Gubeta 
	83
	41
	17
	24

	
	Galcha 
	109
	54
	23
	31

	Churiso 
	Dibadinbe 
	108
	53
	22
	31

	
	Kabeta Gubeta
	112
	55
	24
	31

	Total
	
	412
	203
	86
	117


 Source: * kebele administration HH register book; ** own computation in proportion to population 
Table _2: Respondents' demographic characteristics, n=203
	

Variables 
	            Wheat seed source
	

Chi2(1)-test
	

P

	
	Informal source user              (n=117)
	Formal source user(n=86)
	
	

	Sex
	Freq.
	per cent
	Freq.
	per cent
	
	

	Female(n=41)
	24
	58.5
	17
	41.5
	0.0171   
	 0.896

	Male(=162)
	93
	57.4
	69
	42.6
	
	

	Marital status 
	
	
	
	
	
	

	Married (n=186)
	104
	55.914
	82
	44.08
	3.0607
	0.216

	Divorced (n=11)
	9
	81.81
	2
	18.18
	
	

	Widowed (n=6)
	4
	66.67
	2
	33.33
	
	

	Social position  
	
	
	
	
	
	

	Yes (n=115)
	52
	45.22
	63
	54.78
	16.7544
	0.000

	No (n=88)
	65
	73.86
	23
	26.14
	
	


Source: field survey data (2024)

Table _3: Respondents socio-economic characteristics, n=203
	


Variables
	
Combined  mean
	              Wheat seed  source 
	

Mean diff
	
P-value

	
	
	Informal seed source user (n=117)
	Formal  seed  source user  (n=86)
	
	

	
	
	Mean
	Std. Err.
	mean
	Std. Err.
	
	

	Age
	40.6
	41
	.9646369
	39.8
	.9680817
	1.35
	0.001 

	Family size
	8
	8
	.2351753
	8
	.2570082
	.0829
	.814

	Education
	5.24
	4.025
	.3891131
	6.88
	.4623791
	2.86
	0.000

	Farmexpernce
	2.86
	18.205
	.6810494
	17.3
	.6561527
	.8679
	.3735

	Landholding
	1.72
	1.5525
	.0782896
	1.942
	.0903537
	.3893528
	.0015

	Wheat area
	0.63
	.578
	.0455656
	.696
	.0412065
	.1174791
	0.0672

	TLU
	3.33
	2.9605
	.2143127
	3.821
	.277412
	.8607238
	.0135

	Total income 
	64005.15
	54950.76
	6820.073
	76323.34
	5536.423
	21372.58
	.022

	Extn contact 
	4
	3
	.1631438
	6
	.2851398
	3
	0.000


Source: survey data (2024)
Table_ 4: Probit regression model output for factors affecting improved wheat seed use
	Variable
	 Coef.
	Std. Err.
	P>z
	 dy/dx

	Sex
	-.1896246
	.3527191
	0.591
	   -0.075

	Education 
	.6462769***
	.1485066
	0.000
	    0.257***

	Social Position 
	.7498515**
	.3213804
	0.020
	    0.292**

	Family Size
	.0101955
	.0580273
	0.861
	    0.004

	Market Distance
	-.5519485*
	.3045507
	0.070
	   -0.217*

	Seed price 
	-.2631006
	.4031397
	0.514
	   -0.104

	Seed supply time
	-.621519
	.5204703
	0.232
	   -0.232

	Seed quantity
	-1.844836***
	.4615376
	0.000
	   -0.560***

	Extension contact
	.4420299***
	.09641
	0.000
	    0.176***

	Credit Use
	.4212322
	.5216603
	0.419
	    0.162

	Total income
	2.74e-06
	2.70e-06
	0.309
	    0.000

	Land Hold
	.0511162
	.17897
	0.775
	    0.020

	_cons
	-.9189797
	1.053716
	0.383
	 

	Number of Obs   =        203
  LR chi2(12)     =     131.55
 Prob > chi2     =     0.0000
Pseudo R2       =     0.5622


Source; Field survey data (2024)
Table _5: Summary of the propensity score
	Treatments 
	Mean
	Std.
	min
	max

	
	
	
	
	

	Improved wheat seed  user 
	.7980889
	.2481981
	.048783
	1

	Local wheat seed  user 
	.185334
	.2363376
	.0000869
	.9478141

	
	
	
	
	

	Total
	.4790213
	.3905426
	.0000869
	1


Source: field survey data (2024)
Table 6: Propensity score matching algorithm
	Matching algorism
	 Treatment
	 Control
	ATT
	Std. Err
	t

	Nearest neighbour method
	 81
	 15
	11.845
	2.760
	4.291***

	Stratification  method
	 81
	 49
	9.903
	4.032
	2.456***

	Kernel Matching method
	 81
	 49
	10.912  
	3.395
	3.214***

	Average ATT
	
	
	10.87
	
	


Note: *** significance at 1% significance level, Source: field survey (2024)










	Matching algorism 
	Baseline ATT(A1)
	Simulated ATT(A2)
	Outcome effect
	Selection effect 
	Absolute difference
(A1-A2)
	Difference percentage     
(A1-A2/A1)

	attr
	11.52
	11.378
	219.207
	7.389
	0.148
	0.0123

	attk
	10.86
	10.208
	10.111
	6.894
	0.652
	0.060

	attnw
	11.108
	9.964
	57754.008
	6.699
	1.144
	0.103

	attnd
	11.108
	9.844
	15.301
	6.709
	1.264
	0.114


Table 7: sensitivity analysis
Source: field survey data (2024)


Figures 
[bookmark: _Toc148091277]Figure 1: Study area map 
[image: ]
Source: derived from Ethioadimin map, 2022


[bookmark: _Toc148091279]Figure 2: Kernal density graph of propensity score[image: ]	

	Source: survey data (2024)
















image2.png
z|11:600,000





image3.emf
0

.

5

1

1

.

5

2

2

.

5

D

e

n

s

i

t

y

0 .2 .4 .6 .8 1

Estimated propensity score

local wheat seed user

improved wheat seed user

kernel = epanechnikov, bandwidth = 0.0767

Kernel density estimate


image1.png
BXi+ui, u~N©, 1), i

1ifYr >0
0ifyr<o




