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Adoption of improved maize seeds among smallholder maize farmers in southern highland regions in Tanzania

.

ABSTRACT 

	Aim: To identify factors that influence the adoption of the improved maize seeds among maize smallholder farmers in southern highland regions in Tanzania.
Study design: Cross sectional study design was used together with secondary data from Tanzania National Panel Survey (2020/21) with a total of 159 maize farmers in the Southern Highland zone of Tanzania.
[bookmark: _Hlk221013748]Place and Duration of Study: This study covers Southern Highlands zone, regions of Mbeya, Songwe, Njombe, Rukwa and Iringa in Tanzania.
Methodology: Descriptive statistics were used to produce a summary of the variables under the study. For continuous variables, the mean and standard deviation values were calculated for adopter of improved maize seeds, non- adopter and the combined sample. For categorical variables, a chi-square test was employed to assess significant associations between adopters and non-adopters of improved maize seeds. Since the dependent variable is a binary variable, a logit model was used to examine the factors that influence the adoption of improved maize seeds among farmers in the Southern Highlands of Tanzania. 
Results: the results indicate that education level, harvest yield, membership in a farm-based organization, and market participation significantly positively affect adoption of improved maize seeds.
Conclusion: This study investigated the factors that influence the adoption of improved maize seeds in the Southern Highlands zone of Tanzania, used secondary data from the TZNPS (2020/21), where 159 maize farmer household heads were extracted for analysis. This study employed descriptive statistics and a logit model. The results showed that factors that influence the adoption of improved maize seeds in the Southern Highlands Zone of Tanzania include education levels, harvest yield, membership in farm-based organizations, and market participation. This study has shown that factors for adoption of the improved maize seeds in the Southern Highlands zone differ from the previous studies that have been conducted in the northern and eastern zones.
Recommendation; it is recommended that, enhancing the level of formal education among maize farmers is a crucial factor that would have a beneficial impact on the adoption of the improved maize seeds. In addition to that, farmers should be encouraged to be in farm-based organizations, and ensured accessibility to markets in all seasons would increase the adoption of the improved maize seeds among farmers in the Southern Highlands zone of Tanzania.
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1. INTRODUCTION 

Agriculture is an important sector in Tanzania’s economy, contributing about 25% of foreign exchange earnings, 26% of the national GDP, and supplying 65% of industrial raw materials. The agriculture sector provides employment about 65% of the Tanzanians and fulfills 90% of the country’s food needs (NPS, 2022). The agriculture sector comprises crop production, fishery, livestock and forestry subsectors, with crop production subsector being dominant, contributing about 64% of the GDP. Within crop production subsector, cereals production account approximately 45% of the total planted area (URT, 2021). 
Maize is the predominant cereal crop, serving as the primary source of food and income among farmers. Maize occupies the largest share of the planted area of around 4,931,111 ha approximately 66.6% of the total cereals planted area. In 2021, maize production reached about 6,536,322 metric tons, representing 60.4% of total cereal output (URT, 2021). Despite the maize subsector's significant contribution to the food and income of smallholder farmers, maize yields remain low.
Maize yield in Tanzania stands around 1.5 t/ha, which is nearly thrice lower than the global and potential average of 5-7 t/ha (FAO, 2021: Hilbeck et al., 2024). Studies by Wineman et al., (2020), Baiyegunhi et al., (2022), Khonje et al., (2015) and Utouh (2024) attribute this low yield in the maize production to limited adoption of improved agricultural technologies particularly improved maize seeds. The adoption of improved maize seeds has been shown to increase yield and farm income. However, its low adoption leads to lower yield and reduced farm income, amplified food insecurity. This low adoption of improved maize seeds, undermines Tanzania’s progress toward achieving Sustainable Development Goals of ending hunger by 2030. 
Recognizing that, the Tanzanian government has implemented programs such as input subsidies, extension services and awareness campaign to encourage the adoption of the improved maize seeds. Nevertheless, the adoption of improved maize seeds among maize farmers remains low. For example, in 2019-20 agricultural year, only 22% of the total planted area was allocated to the use of improved maize seeds (URT,2021). The low adoption of improved maize seeds may lead to a misleading perception regarding the actual benefits of using it. 
Hence it is important to understand the underlying factors that contribute to low adoption of improved maize seeds in order to design effective interventions that bridge the gap between programs initiative implemented by the government and maize farmers’ practice.
Previous studies in Tanzania have identified demographic and socio-economic factors influencing the adoption of improved maize seeds. These factors include education levels, ownership of communication and transportation assets, farmers’ income, off-farm income, extension services, access to credit, membership in farmer based organization, farm size, household size, harvest yield, tolerance to drought, resistance to pests and diseases, and labour availability (Mwakatwila & Mishili, 2019; Mutanyagwa et al., 2018; Shokela, 2017; Mmbando & Baiyegunhi, 2016). 
However, these studies were conducted in different agroecological zones, and the significance of these factors tend to vary across regions due to difference in climate, farming systems, and socio-economic conditions.  
Currently, little is known on the factors of improved maize seeds adoption in the southern highlands zone, which is a major maize producing area in Tanzania. This lack of localized information creates a gap in understanding the specific constraints and opportunities for promoting improved maize seeds adoption in the southern highland zone. Therefore, this study seeks to fill this gap by examining the factors influencing adoption of improved maize seeds in the southern highland zones using the TZNPS 2020/21 dataset, thereby providing region-specific insights to inform policy and intervention strategies.

2. LITERURE REVIEW
2.1 Theoretical Framework
This study is guided by the diffusion of innovation theory propounded by Everett Rogers in 1962.  This theory posits that adopter perception perspectives are observed through a sequence of linear stages (Selejio & Lasway, 2019). The linear stages include knowledge acquisition, persuasion, decision, and implementation, which are influenced by socio-economic and demographic factors in Table 1.  The adopted technology is anticipated to result in an increase in variable output.  In the context of this study, the technology is improved maize seeds. The adoption of improved maize seeds by farmers in the Southern Highlands of Tanzania is also expected to be influenced by socio-economic and demographic factors. 
[bookmark: _Toc219631079]2.2 Empirical review
Studies have investigated the factors that influence the adoption of improved maize seed among smallholder farmers in various contexts. This section reviews the empirical findings of these studies that are in line with the objective of this study.
Studies conducted outside Tanzania include those by Haruna et al., (2023), and Oluwatoyin (2021), in Nigeria, which found that education level, membership in a farmer-based organization, household size, farming experience, labor availability, off-farm income, contacts with extension agents, and farm size are significant factors. Similarly, a study by Sigigaba et al., (2021) in South Africa found that extension services, education level, distance to market, household income levels, sex, and farm size were the key significant factors. 
A study by Danso-Abbeam et al., (2017) in Ghana found that age, household size, education level, access to agricultural credit, membership in a farmer-based organization, labor availability, and extension services are the key determinants of the adoption of improved maize seeds. To identify factors influenced by the adoption of the improved maize seeds, these studies employed logit model.
Research conducted in Tanzania, including a study by Mwakatwila & Mishili (2019), identified factors such as education levels, ownership of communication and transportation assets, access to savings, farmers' income, and variations in ecological zones. A study conducted by Mmbando & Baiyegunhi (2016) in Hai district identified off-farm income, extension services, credit, membership in a farmer-based organization, and participation in on-farm trials or demonstrations as statistically significant factors affecting the adoption of improved maize seeds.
Mutanyagwa et al., (2018), utilized the TZNPS of 2012/13 to demonstrate that agroecological zones, farm size, household size, and harvest yield significantly influence adoption of improved maize seeds. Shokela (2017), conducted a study in the Kilosa district identifying factors including harvest yield, drought tolerance, pest and disease resistance, labour availability, membership in a farmer-based organization, extension services, and education levels affecting adoption of the improved maize seeds. 
[bookmark: _Toc219631080]2.3 Regional variation
Studies such as Mwakatwila and Mishili (2019) and Mutanyagwa et al., (2018) have explored the regional variations in factors influencing the adoption of improved maize seeds. Mwakatwila and Mishili (2019) examined adoption in Tanzania’s northern and eastern zones and found that factors influencing adoption vary significantly across zones. Similalry, Mutanyagwa et al., (2018) using TZNPS 2012/13 dataset reported that difference in agroecological zones influence farmers’ adoption to improved maize seeds. 
These findings suggest that regional context plays a critical role in adoption decisions, yet there is limited evidence for the Southern Highlands zone, which is the country’s major maize-producing zone. 
Moreover, empirical evidence suggests that various socio-economic and demographic factors, influence smallholder farmers' adoption to improved maize seeds. However, the relative importance of these factors varies across different contexts and zones. Building on this foundation, the current study investigates the factors influence the adoption of the improved maize seeds among smallholder farmers in Southern Highland zone of Tanzania.


3. methodology 
3.1 Source of Data and Study Area 
Sources of data.
This study used secondary data from the fifth round of the TZNPS 2020/21. The survey was implemented by the National Bureau of Statistics (NBS) with support from the World Bank’s LSMS-ISA program. TZNPS is a comprehensive nationwide survey that collects information on a wide range of topics, including crop production. This study extracted and focused on 159 households engaged in maize production during the long rainy season in the Southern Highlands of Tanzania because these regions are the main maize growers.
Study area
This study covers Southern Highlands zone, regions of Mbeya, Songwe, Rukwa, Njombe and Iringa in Tanzania.
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Figure 1. figure showing the study area
Source; online
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[bookmark: _Toc219631084]3.2.1 Descriptive statistics
Descriptive statistics were used to produce a summary of the variables presented in Table 1, whereby Stata software was used. For continuous variables, the mean and standard deviation values were calculated for adopter of improved maize seeds, non- adopter and the combined sample. For categorical variables, a chi-square test was employed to assess significant associations between adopters and non-adopters of improved maize seeds. These descriptive statistics provide insights into the characteristics of maize farmers in the Southern Highlands zone of Tanzania.
[bookmark: _Toc219631085]3.2.2 Empirical framework of the logit model
This study used the logit model and Stata software to examine the factors that influence the adoption of improved maize seeds among farmers in the Southern Highlands of Tanzania. The dependent variable is binary taking the value of one or zero, thus making it possible to employ logit model. The value one (1) represents a farmer who has adopted improved maize seeds, while the value of zero (0) represents a farmer who did not adopt improved maize seeds. The following simple regression model is considered:   
 (1)
Where  stands for adoption of improved maize seeds with a value of 1 for adopter and 0 for non-adopter.  refers to a farmer’s socio-economic and demographic factors and  refers to the error term which is an independently distributed random variable with a mean of zero.

Equation (1) looks like a typical linear regression model but, because the dependent variable is binary, it is called a linear probability model (LPM). Therefore, the logistic cumulative probability function for adopter is represented by:
 = (2)

Where;   is the probability that the ith farmer adopts improved maize seeds and that  is nonlinearly related to Zi. 
(3)
and  represents the base of natural logarithms. Then, (1-P), the probability of non-adopter of improved maize seeds is presented as:
(4)
Therefore, by dividing equation 2 by equation 4, the odds ratio in favor of using the improved seeds was obtained as follows:
 = = (5)

Again, to estimate the logit model, the dependent variable was transformed by taking the natural log of Equation 4 as follows:
=(6)
Where:  is the ratio of the probability that the farmer would adopt improved maize seeds to the probability that farmers will not. It is noted that the logistic model defined in Equation 6 is based on the logit of   ranges from −∞ to ∞ +,  ranges between 0 and 1.
Log 
[bookmark: _Toc219631086]3.2.3 Logit model specification 
Studies on the adoption of improved maize seeds suggest that farmers’ decisions to adopt them depend on farmers’ socio-economic and demographic factors. Therefore, the Logit Model for this study was specified as follows:
………………. (7)

Where:  : the log odds of adoption for the ith farmer; the explanatory variables are shown in Table 1 and  is the error term.

[bookmark: _Toc219632211]Table 1: Definition of Variables in Logit Model
	Variables
	Description
	[bookmark: _GoBack]Expected Sign

	
	Dependent variables
	+

	Maize-certified seeds
	1 if use, 0 = otherwise
	+

	
	Independent variables
	+

	Farm size (farmsize)
	(ha)
	+

	Household size (hhsize)
	Number of people residing in household
	+

	Age (age)
	Age of household head in number of years
	+/-

	Distance to market (dist)
	Distance to nearest market in (km)
	+

	Education Levels (edu)
	Number of years of schooling 
	+

	Harvest Yield(harvestyield)
	kg/ha 
	+

	Sex (sex)
	1 if male, 0 female
	+

	Off-farm activities (off act)
	1 if participate, 0 otherwise
	+

	Membership in farm-based organization (memb)
	1 if in farm-based organization, 0 otherwise
	+

	Extension (ext)
	1 if receives extension advice, 0 otherwise
	+

	Market participation (mrkt)
	1 if sold the produce, 0 otherwise
	+

	Inorganic fertilizer (fert)
	1 if used, 0 otherwise
	+

	Land ownership (landown)
	1 if landowner, 0 otherwise
	+



4. results and discussion
[bookmark: _Toc219631089]4.1 Socioeconomic Characteristics of Maize Farmers
4.1.1 Continuous Variables
The results of descriptive statistics for continuous variables are reported in Table 2 that shows the t-test comparison of the means of the continuous variables between adopters and non-adopters of the improved maize seeds. The mean age of the maize farmers in the Southern Highlands was 52.08 years. The average family size for the household was four members.  The average distance to market was 8.52 km. The average farm size of the maize farmers was 0.48 ha, whereas the farm size for the adopter is significantly higher than that of a non-adopter. The difference in farm size between adopters and non-adopters is statistically significant at the 10% level of significance. 
Moreover, the average harvest yield was 1622.097 kg/ha, where the harvest yield for the adopter is significantly higher in comparison to the non-adopter. The difference in harvest yield per hectare between adopter and non-adopter is statistically significant at the 1% level of significance. Furthermore, maize farmers' education levels, measured in the number of years spent in school, averaged 4.76 years, where the average years (5.537) for the adopter are significantly higher in comparison (4.206) to the non-adopter. The difference in education between adopters and non-adopters is statistically significant at the 5% level. The average farm income of the maize farmers in Southern Highlands was TZS 1525037.

[bookmark: _Toc219632212]Table 2: Descriptive Statistics for Continuous Variables
	
	Combined
	Adopter
	Non-Adopter
	t-value

	Variable
	Mean
	S.D
	Mean
	S.D
	Mean
	S.D
	

	Age
	52.08
	1.13
	51.358
	1.59
	52.608
	1.57
	-0.55

	Household size
	4.39
	0.17
	4.56
	0.274
	4.271
	0.221
	0.836

	Distance to market
	8.52
	1.09
	10.51
	1.835
	7.08
	1.33
	1.508

	Farm size
	0.48
	0.041
	0.574
	0.0836
	0.427
	0.036
	1.757*

	Harvest Yield
	1622.097
	123.513
	2070.327
	213.524
	1295.669
	137.541
	3.185***

	Education Levels
	4.76
	0.271
	5.537
	0.403
	4.206
	0.355
	2.46**

	Farm income
	1525037
	297242.4
	1862834
	676033
	1279033
	148831.7
	0.97


*,**, *** denote significantly at 10%, 5% and 1% respectively
Source: computed from TZNPS (2020/21) data

4.1.2 Categorical Variables
Table 3 shows the result of the categorical variables, in which chi-square was calculated to compare the proportions of adoption status for maize farmers. The results show that 58.5% of farmers were male. The difference between adopters and non-adopters is statistically significant at the 5% level of significance. Moreover, the results in Table 3 show that 48.5% of the maize farmers were engaged in off-farm income activities. 

Furthermore, the results show that about 5.7% of the maize farmers belonged to membership in farm-based organizations, and 10% of maize farmers received extension services. Moreover, the results also show that farmers participate in maize market. On average 44% of the farmers participated in the maize market. The difference between adopters and non-adopters is statistically significant at the 5% level of significance. Similarly, about 53.5% of the farmers applied inorganic fertilizer. The difference between adopters and non-adopters is statistically significant at the 5% level of significance.  Additionally, about 97.6% of maize farmers in the southern highlands owns land.

[bookmark: _Toc219632213]Table 3: Descriptive Statistics for Categorical Variables
	Variables
	Category
	Total
	Adopter
	Non-adopter
	Chi-square 

	
	
	No.
	%
	No.
	%
	No.
	%
	

	Sex
	Male
	93
	58.5
	47
	29.6
	46
	28.9
	6.483**

	
	Female
	66
	41.5
	20
	12.6
	46
	28.9
	

	Off farm 
	Yes
	77
	48.5
	37
	23.3
	40
	25.2
	2.141

	
	No
	82
	51.5
	30
	18.8
	52
	32.7
	

	Membership
	Yes
	9
	5.7
	3
	1.9
	6
	3.8
	0.303

	
	No
	150
	94.3
	64
	40.2
	86
	54.1
	

	Extension 
	Yes
	16
	10
	8
	5
	8
	5
	0.451

	
	No
	143
	90
	59
	37.2
	84
	52.8
	

	Market participation
	Yes
	70
	44
	36
	22.6
	34
	21.4
	4.427**

	
	No
	89
	56
	31
	19.5
	58
	36.5
	

	Inorganic fertilizer
	Yes
	85
	53.4
	42
	26.4
	43
	27
	3.963**

	
	No
	74
	46.6
	25
	15.8
	49
	30.8
	

	Land ownership
	Yes
	155
	97.5
	64
	40.3
	91
	57.2
	1.817

	
	No
	4
	2.5
	3
	1.9
	1
	0.6
	


**, *** denote significant at 5% and 1% level of significance respectively.
Source: TZNPS 2020/21 

4. 2 Logit estimates of the factors affecting improved maize seeds usage
Table 4 presents the result of the logit model for the factors influencing adoption of improved maize seeds using maximum likelihood estimation. As shown in Table 4, the logit model is well fitted to the data, as indicated by LR-Chi2 (14) (p<0.01). As a result, there is a presence of the relationship between the adoption of the improved maize seeds and the variables listed in Table 1. Based on the results shown in Table 4, this study rejects the null hypothesis that the adoption of improved maize seeds is not affected by social-economic, and demographic factors at the 1% significance level. This indicates that the independent variables listed in Figure1 influence the adoption of the improved maize seeds among farmers in the Southern Highlands zone. 

Table 4 results show that education level, harvested yield, membership in farm-based organizations, and market participation are significant factors that influence the adoption of improved maize seeds in the Southern Highlands of Tanzania. Farmers with high education levels are more likely to adopt improved maize seeds. This result is statistically significant at 5% level of significance. Farmers’ education level is important in influencing farmers’ adoption of improved maize seeds. This study result is aligned with that of Mmbando & Baiyegunhi (2016), Sigigaba et al., (2021), and Mwakatwila and Mishili (2019), which found that farmers with higher education levels are more likely to adopt improved maize seeds.

Furthermore, this study found that harvest yield positively and significantly influenced the likelihood of farmers to adopt improved maize seeds. This result is significant at the 10% level of significance. Furthermore, this result implies that farmers are more inclined to adopt improved maize seeds due to the potential for higher yield. This result has a resemblance to that of Majuva et al., (2025) and Shokela (2017), who found the harvest yield influences the adoption of improved maize seeds. 

Moreover, membership of a farm-based organization is statistically significant at the 10% level of significance, positively influencing the adoption of the improved maize seeds. This might imply that membership in farm-based organizations enables farmers to receive better information about improved maize seeds and facilitates peer learning among farmers. In addition to that, it also implies that farmers are able to purchase improved maize seeds in bulk, hence increasing access to improved maize seeds. This finding in this study is consistent with that of Mmbando and Baiyegunhi (2016) and Oluwatoyin (2021). 

Furthermore, the results show that market participation influences the adoption of the improved maize seeds. This result is statistically significant at the 5% level of significance. These findings might imply that farmers who participate in the market adopt improved maize seeds so that they can get surplus output that ensure they are able to participate in the market. This result bears resemblance to that of Sigigaba et al., (2021).

[bookmark: _Toc219632214]Table 4: Maximum likelihood of factors affecting adoption of improved maize seeds
	Variables
	Marginal Effects
	Standard Error

	Age
	0.003
	0.003

	Sex
	0.08
	0.094

	Household size
	0.022
	0.021

	Education levels 
	0.035**
	0.016

	Farm size
	0.128
	0.093

	Harvest Yield
	0.007*
	0.003

	Off-farm activities
	0.066
	0.089

	Membership in farm-based organization
	-0.236*
	0.142

	Extension services 
	0.179
	0.163

	Market participation
	0.188**
	0.094

	Inorganic fertilizer
	0.105
	0.089

	Land ownership
	-0.253
	0.29

	Distance to market
	-0.001
	0.003

	N
	159

	LR chi2 (14)
	30.4

	Prob>chi2
	0.007

	Pseudo R Square
	0.14


***, ** and * shows 1%, 5% and 10% significance levels, respectively
Source: TNPS 2020/21
[bookmark: _Toc219631092]5. Conclusion
This study investigated the factors that influence the adoption of improved maize seeds in the Southern Highlands zone of Tanzania, used secondary data from the TZNPS (2020/21), where 159 maize farmer household heads were extracted for analysis. This study employed descriptive statistics and a logit model. The results showed that factors that influence the adoption of improved maize seeds in the Southern Highlands Zone of Tanzania include education levels, harvest yield, membership in farm-based organizations, and market participation. This study has shown that factors for adoption of the improved maize seeds in the Southern Highlands zone differ from the previous studies that have been conducted in the northern and eastern zones.
[bookmark: _Toc219631093]6. Recommendations
This study suggests that enhancing the level of formal education among maize farmers is a crucial factor that would have a beneficial impact on the adoption of the improved maize seeds. In addition to that, farmers should be encouraged to be in farm-based organizations, and ensured accessibility to markets in all seasons would increase the adoption of the improved maize seeds among farmers in the Southern Highlands zone of Tanzania.
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