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ABSTRACT

Productivity growth from scientific advances provided by biotechnology and other plant breeding initiatives holds great promise for meeting the world's growing food demand. This justifies investments in agricultural research and development, which have resulted in the development of hybrid seeds and a focus on agriculture training in Africa. This study focuses on how hybrid seeds and agriculture training solve food security issues while increasing farmer yield and income. The study examined the potential heterogeneity in yield, income, and food security benefits from using hybrid seeds and agriculture training in a sample of 335 maize-producing households in Mtwara region in Tanzania. Findings showed that, overall, the adoption of maize hybrid seeds and agriculture training such as line planting, weeding, top dressing, and fallyarm worms monitoring and control increased maize grain yield by about 1.17 ton/ha and maize income by about $73/ha. The use of hybrid seeds and improved agricultural techniques also reduced the likelihood of reporting mild, moderate, and severe food insecurity by 32.1, 18.5, and 4.2 percent respectively. The results also show that, while treated farmers have smaller average land sizes than control farmers due to the cost of farming inputs, the absolute quantities produced are quite low due to smaller land holdings. This implies that the treated farmers only allocated an average of 0.32 ha of land to the use of hybrid seeds and agricultural technique adaptation, which may not be enough to produce enough maize to feed a household of about 5 people for the entire year. The study recommends more budget allocation on agriculture national budget which will help to hire VAEO all over the country so that farmers can be trained on the best agriculture techniques.
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CHAPTER ONE
INTRODUCTION
1.1 Background Information
Maize is the third most important staple food crop after wheat and rice and it is ranked first in terms of total production (Awika, 2016; FAOSTAT, 2016). The increase in maize production and the expansion of land on which it is grown goes hand-in-hand with the growing global demand for crop, food, livestock feed, and biofuel feedstock. Unlike high-income countries, where more than 70% of maize is grown for livestock feed, in Sub- Saharan Africa (SSA), more than two-thirds of produced maize is grown for human consumption (Shiferaw,. 2011, 3, 307–327). 

The annual Global Agricultural Outlook, published by the Organization for Economic Co-operation and Development (OECD) and the Food Agriculture Organization (FAO) point out two main drivers for the increase in demand for agricultural products especially maize as, population dynamics and per-capita demand growth. According to the OECD/FAO, population dynamics in Africa drive most growth of projected food use, attributing 90% of the expansion of cereals to population growth (OECD; FAO, 2019–2018). Therefore, as maize being mostly produced for food, the growing demand for maize is closely linked to the growing population in SSA (OECD; FAO, 2019–2018).

Tanzania has the second largest area planted to maize in Africa after Nigeria (CIMMYT, 2018). In the year 2018, Tanzania produced about 5.9 million tons of maize from an estimated area of 4.04 million hectares (FAOSTAT 2018). Maize is grown in nearly all agro-ecological zones, accounting for 31% of the total food production, and constitutes more than 75% of the cereal consumption in the country (Magehema, et al., 2016). The per capita consumption of maize is about 73 kg per person per year, providing 60% of dietary calories and more than 35% of utilisable protein (CIMMYT, 2016). Despite the role of maize in the country, its productivity is still very low with the average yields between 1.0 and 1.5 tons/ha compared to its potential yield of 4 - 5 t/ha (Barreiro-Hurle, 2019). 

The low productivity in Tanzania is a result of the traditional, rain-fed cultivation techniques employed by the smallholder segment, which produces most of Tanzania’s maize. Besides the low yield, high production variability due to weather extremes is another risk, particularly for the livelihoods of smallholder farmers (Natural Hazards 2015, 79, 1549–1566). Studies carried out by Amani, (2014; 2015); Skarstein, (2015); Isinika et al, (2013); MAFC, (2016); Nyange and Wobst (2015), altogether report that smallholder maize productivity in the country suffers due to the fact that, most smallholder farmers do not practice high-yield farming methods, and produce mainly for subsistence. Also, studies carried out by Wambura, (2012) outlined that Tanzania suffers from low agricultural productivity due to a number of factors. The factors include, among others, inadequate extension system that has led to ineffective dissemination of technologies, poor market linkages, weak links between research and extension, and inadequate government support 

This study adopts Christoplos' (2010) definition of agriculture extension services, which defines 'extension' as an admittedly amorphous umbrella term for all the various activities that provide information and advisory services that farmers and other actors in agri-food systems and rural development require and demand. Smallholder farmers with less than 3 hectares of land dominate the agricultural landscape in Tanzania. They rely heavily on rainfed agriculture and traditional farming implements (Global Yield Gap Atlas, 2015). (Makoi, 2012). 

Farmers continue to rely on traditional agricultural extension systems, despite their limited success in improving agricultural productivity, yields, and profitability (Msuya & Wambura, 2016). To increase productivity, among other desired outcomes, a wide range of information services must be available and accessible to all farmers (Chepyator, 2016), and agricultural extension service content must reflect the farmer's diverse circumstances and livelihoods (FAO, 2006).

The government of Tanzania launched an extension agricultural subsidy program as a bridge to shift subsistence farming to business farming and to promote food-secure households. The objective of any national agricultural extension programme is to improve farmers’ outputs by adopting new or improved farming technologies, practices and methods. Traditionally, farming technologies reach farmers through extension personnel, who are responsible for ensuring that the desired technology is valued and used by farmers. In other words, extension workers serve as a link between researchers, other knowledge creators, and farmers. 

Historically, information flow from research to farmers has been ineffective, resulting in an information vacuum at the farmer level (Mngumi, 2010). Several factors contribute to the inability of information to flow, including weak links between research, extension, and farmers; poorly organized extension and farming systems; insufficient coordination among research institutions and extension workers; a poor policy enabling environment, and financial constraints that limit the facilitation of extension logistics and plans (Mngumi, 2010). The final result is either that the farmers do not receive the right technology or that they do so in a low-quality form, which leads to poor adoption (Mngumi, 2010).

The Tanzania Seed Company was the sole supplier of seeds until its collapse in the late 1980s due to market liberalization. Following market liberalization, multinational and regional seed companies emerged and became active participants in Tanzania's seed market. Other seed producers also appeared, including farmer groups and NGOs, which focused on producing and distributing improved open-pollinated varieties (De Groote et al.,2002). Currently, about 40 active maize seed companies operate in the country (Mabayaet al.,2017), and the private sector provides 80% of the formal seed supply of which 85%+ is imported by large South African and Zambian firms and this is due to sector liberalisation in the early 2000s (Ashley, 2016). Adoption rates for quality seed remain extremely low: only 27% of maize cultivated uses the improved seed. Overall, about 15% of the seed planted in Tanzania is registered and certified. The main cause of these low adoption rates is prohibitively high prices – the seed-to grain price ratio for hybrid maize in Tanzania stands at 10:1, notably higher than in many regional neighbours. (World Bank, November 2012)

The National Agricultural Input Voucher Scheme (NAIVS), funded by The World Bank, significantly expanded the use of seeds and fertilizers in Tanzania. A smart input subsidy program called NAIVS was first tested in two districts during the 2008–2009 growing season before being expanded to 58 districts in 11 different regions, including Iringa, Mbeya, Ruvuma, and Rukwa in the southern highlands and Kilimanjaro, Arusha, Manyara, Kigoma, Tabora, Mara, and Morogoro in the country's central and northern regions. In 2009–10, Pwani was supposed to be added (World Bank, 2014). In response to the steep increase in the price of fertilizer and grains around the world, the initiative was broadly introduced starting in 2008/09.  Farmers who met the criteria of the program could purchase limited quantities of fertilizer (basal and top-dress) and maize or rice seed with a 50% subsidy through input vouchers that could be redeemed at local agro-dealers stores. 

During these years, NAIVS was a major outlet for seed companies to sell certified seed and seed companies reported selling 46% of their maize seed through the NAIVS program (Mabaya et al., 2017). The World Bank support for the NAIVS program ran until the 2013/14 season but after a year without support, the government brought the program back in 2015/16, although at a smaller scale (Lewis and Masinjila, 2018; Mather and Ndeytabula, 2016). Despite the efforts, maize productivity in Tanzania remains low, averaging 1,400 kg/ha, which is much less than the sub-Saharan African average of about 1800 kg/ha per whole country (CIMMYT, 2017). This is due to the limited use of improved varieties and inputs such as fertilizer, as well as to other abiotic stresses such as drought (Hugo, 2015).

During the last decade, Tanzania experienced a high degree of food insecurity despite its remarkable performance in economic growth. The insecurity is, however, not at the national level, but rather at the regional, district, and household levels. In the period 2000-2010, the country had an average annual economic growth of 7 percent (WB, 2012a). However, the number of poor and malnourished people has not reduced accordingly, and in recent years there has been the emerging double burden of malnutrition—under nutrition and overnutrition. 

In fact, nearly 10 million Tanzanian adults are overweight (34 percent women and 17 percent men) and diet-related non-communicable diseases in Tanzania are on the rise (URT, 2011; WB, 2012b; URT, 2016; IFPRI, 2016). Therefore, improving maize production remains one of the most important strategies for food security in SSA and Tanzania in particular. This can be achieved through the development and improvement of agricultural practices and the availability of improved seed varieties (Hepelwa, 2013).

According to Mwanga (2017), the national maize yield growth rate is 2.4% per annum, which is 0.3% less than the population growth rate. The average national production is approximately 1.25 tons/ha instead of 4.5 tons/ha expected under good management practices (FAOSTAT, 2015). The most significant cause of low productivity is the drastically low use of recommended agricultural inputs such as improved seed, fertilizers and agrochemicals. Weak adoption of agro inputs is recognised by many as the leading driver of entrenched poverty among the 80% of Tanzanians living in rural areas. Prices of agro inputs are higher than elsewhere, quality is generally low and availability is limited (Ashley, 2016). 

Agricultural technologies (AgTs), such as the use of fertilizers, improved seeds, agriculture extension services and small-scale irrigation dramatically increased the yields of key crops and provided a viable pathway for food security (Pingali, P. 2012, 109, 12302–12308). Globally, there is ample evidence of AgTs that are useful for addressing issues of low agricultural productivity and food insecurity (Pingali, P. 2012, 109, 12302–12308). 

Many of the existing studies have concentrated on explaining the adoption of one improved agricultural technology at a time – inorganic fertiliser, extension services or improved seeds across Africa and in developing countries in Asia (see Bisanda, et al. 1998; Alene, et al. 2000; Zavaleet al. 2005; Adeoti 2009; Lopes 2010; Tura, et al. 2010; Rutaihwa 2017). These studies found that extension services and improved seeds (hybrid seeds) are significant factors encouraging farmers to adopt improved agricultural technologies. However, empirical studies have not been able to investigate the effects of agricultural extension services and hybrid seeds on farmers' yield, incomes and food security. 

Therefore, the aim of this study  was  to estimate the impact of extension services on smallholder’s farmers who have adopted the agricultural training offered by either Village/Ward Agricultural Extension Officers (VAEO/WAEO). The training includes adopting the inter-planting spaces, weeding, top dressing, FAW monitoring and control, applying of inorganic fertilizers and training on the importance of hybrid seeds. The VAEOs/WAEOs are government employees who are responsible for educating farmers on good agricultural practices and advice on the use of modern agricultural equipment/ implements; providing advice on diversified agriculture and engaging researchers in conducting experimental plots, and participating in evaluating the performance for effective advice of farmers (URT, 2011). Thus, the main objective of this study is, therefore, to assess the impact of maize hybrid seeds and agriculture extension services on small-scale farmers' income, yield, and food security in Mtwara region. 

1. 1 Problem Statement

Severe food insecurity has increased globally in recent years, primarily due to increases in Africa and Latin America caused by a variety of factors such as human conflict, adverse climate events, low export commodity prices, restricted public investments, and inequality in access to food (FAO et al., 2018). In 2017, approximately 770 million people, or nearly 10% of the global population, faced severe food insecurity (FAO et al., 2018). Regionally, values range from 1.4% in North America and Europe to nearly 30% in Africa (FAO et al., 2018). Maize is the most widely cultivated crop and is of great importance to the food security and the livelihoods of the people in SSA (Tesfayeet al., 2015). However, large yield gaps still exist. Country-average yields of rain-fed maize over the 2007–2016 period ranged from 1.68 to 1.99 t/ha in SSA (FAOSTAT, 2018), representing 15–25% of country-mean water-limited yield potential for most countries.

In Tanzania it is widely understandable that there is a need to ensure effective utilization of available resources to raise food security and socio-economic welfare; however, the two targets have been out of reach. For example, in 2013/2014 the food requirement was 7,656,673 tons but only 5,613,221 tons were produced and thus, making a food deficit of 2,043,452 tons (27%), leading to serious implications to food security and poverty (Msafiri 017). One of the major challenges of food security and low income to farmers is how to improve productivity under the current cropland. Under rain-fed conditions, maize, like any other crops, faces periods of water stress at certain stages during its growth cycle, reducing the possibility of attaining its potential growth and yield. 

Thus, through the above it shows that there’s a big problem of food security and yield gap that exist not only at regional level but globally. Smallholder farmers are faced with challenges that are contributing to their insufficient productivity which calls for intervention on how the productivity can be increased within the same cropland. Thus, the study was to examine how hybrid seeds and agriculture extension services provided by hired local government officers increase farmers yield, income, and food security in the Mtwara region, with a particular focus on the Masasi District Council.

1.2 Research Objectives

1.2.1 General Objective

The general objective of the study was to assess the impact of maize hybrid seeds and agriculture extension services on small-scale farmers’ incomes, yields and food security in Mtwara region.

1.2.2 Specific Objectives

Specifically, the study aimed to:

i) To determine the outcome of improved seeds and agricultural extension services on small-scale farmers’ yields in Mtwara region.

ii) To examine the extent to which improved seeds and agricultural extension services  contribute to food security among small scale farmers in Mtwara region

iii) To ascertain the extent to which improved seeds and agricultural extension services improve small-scale farmer's incomes in Mtwara region

1.3 Research Questions

i) To what extent do the improved seeds and agriculture extension services increase small-scale farmers' yield in the Mtwara region?

ii) To what extent are the improved seeds and agriculture extension services able to solve the problem of food security for small-scale farmers' in the Mtwara region?

iii) What is the impact of hybrid seeds and agriculture extension services on small-scale farmers' income in the Mtwara region?

1.5 Significance of the study
The study will enlighten challenges and necessary improvements required to enhance food security, poverty alleviation as SDGs outlined but also increase smallholder’s productivity as country FYDP III 21/22 - 25/26 outlined, but also policymakers and other development partners in making proper decisions on improving the livelihoods of the rural communities through improvement of agriculture technology. Furthermore, the findings will be useful to various project actors, including researchers, academicians, seed companies, and other agricultural stakeholders who work closely with smallholder’s farmers in Tanzania.

1.6 Scope of the Study and Limitation of the Study 

This study was conducted in Masasi District Council, which included six villages Chikukwe, Mbaju, and Nangoo for treatment groups and Misechela, Mitonji, and Mtojo Lupaso for control villages. The findings of the study may not be representative of other districts in the country as it was a case study of Masasi District Council only. Depending on environmental and agro-ecological factors, as well as the community surrounding the specific area, the results may vary. The following were the study's limitations: First, transport problems, as some of the farmers' fields were so far from their villages, thus increasing transport costs. Second, some farmers violated harvesting box rules, such as not cutting or removing any plants from the harvesting boxes. As a result, the researchers increased the percentage error from 15% to 20%. This also reduces the number of expected respondents, reducing sample size and the validity of the conclusions drawn from the research findings. 

In food security estimates, some questionnaires were filled out by respondents with different expected results, reducing the reliability of the information gathered; for example, respondents demanded money, which was difficult to provide, underestimated the information with the hope that they would be given food at some point, and others couldn't recall the cost and food eaten in the previous 10 to 30 days. Inadequate financial resources also hampered data collection and report completion through cost of stationary and other research services. Lastly, the weather was not friendly, especially when it was running, making the land sloppy and increasing the cost of transportation and time spent visiting farmers.

1.7 Organization of the Study

The research has five chapters, the first of which gives an outline of the entire work. The study's literature review is presented in Chapter two. The study's methodology is presented in the third chapter. The study's results, analysis, and discussion are presented in the chapter four, the study's summary, conclusions, recommendations and challenges and how they were solved are presented in the final chapter.

                                                  CHAPTER TWO
LITERATURE REVIEW

2.1 Chapter Overview

The chapter presents theoretical and empirical literature related to the proposed study. The chapter also presents the conceptual framework for the study which describes the relationship between the various key variables of the study. 

2.2 Definition of Key Terms 

2.2.1 Agriculture Extension Services

Extension is characterized by the FAO (FAO, 2010) as "systems that should facilitate farmers' access to knowledge, information, and technologies; facilitate their interaction with partners in research, education, agribusiness, and other relevant institutions; and assist them in developing their own technical, organizational, and management skills and practices."  In this study, extension services were defined as the transferring and improving of agricultural knowledge from the government official hired officers known as VAEO/WAEO to farmers for better practices and improvement of agriculture activities.

2.2.2 Hybrid Seeds (Improved seeds)

Hybrid seeds can be defined as seeds that aim at increasing the quality and production of crops by having characteristics such as drought tolerance, high yielding and early maturity (FAO, 2009). Nkonya, (2001), defines hybrid variety as any variety that has been bred using formal plant breeding methods. Other scholars such as Cho (2013) define hybrid seeds as cross-breeding two parent plants that have desirable traits. In this study, hybrid seeds were defined as seeds that develop more quickly and easily, adapt to stress better, and produce plants with larger fruits, higher yields, and more disease resistance than heirlooms.

2.2.3 Smallholder Farmers 

Smallholder farmers have been defined by various practitioners, most of which are based on situations, places and even agricultural zones where the farmers are found. In 2012, the Department of Agriculture, Forestry and Fisheries of the Republic of South Africa asserted that the word ‘smallholder’ is used interchangeably with ‘small-scale’, ‘resource poor’ and sometimes ‘peasant farmer’. In this study, smallholder farmers will be defined as those farmers who have limited resources as compared to other large-scale farmers. We also characterized them by owning small sizes of land plots with sizes of one to two acres, lack of agriculture extension skills such as improved planting techniques, use of Open-pollinated seeds (OPV) and lack of essential FAW monitoring and control skills.   

2.2.4 Income per farmer

Income per farmer refers to income earned or revenue derived from sources that include farming land, buildings on or identified with agricultural land and commercial produce from horticultural land(Gilbert et al., 2017). A farm income statement (also known as a farm profit and loss statement) is a summary of income and expenses for a given accounting period. For farmers, this is usually the calendar year (January 1 - December 31). Certain farms qualify for special farm tax credits and other tax breaks (Gilbert et al., 2017). In this study, income per farmer will be defined as the remaining amount of income after subtracting the cost of production from the maize market value.

2.2.5 Farmers Yield

Farmer’s crop yield forecasts provide a distribution of expected yield prior to crop harvests (Basso and Liu 2019). Farmer's yield is a standard measurement of the amount of agricultural production harvested—yield of a crop—per unit of land area. Farmer's yield is the measure most often used for cereal, grain, or legumes; and typically is measured in bushels, tons, or pounds per acre (Adam Hayes, 2021). Farmer's yield in this study was defined as the difference between the smallholder's harvested yield between farmers who use hybrid seeds and access to agriculture extension training to those who didn't receive.

2.2.6 Food Security

According to the Committee on World Food Security of the United Nations, food security is the state in which all people, at all times, have physical, social, and economic access to enough, safe, and nourishing food that satisfies their dietary needs and food preferences for an active and healthy life. In the context of the present study, food security will be captured in terms of smallholder farmers' self-reported food-related behaviors and experiences linked to escalating challenges obtaining food owing to resource limitations. The results of the FAO's Food Security Experience Scale (FIES) survey and the Household Food Insecurity Access Scale (HFIAS), which is utilized by the International Dietary Data Expansion Project (IDDE) to determine each person's level of food insecurity, will be used to define food security.
2.3 Theoretical Literature Review

2.3.1 Sustainable Livelihoods Framework

Robert Chambers coined the term "sustainable livelihoods (SLs)" in the mid-1980s. These are the skills, assets (both material and social resources), and activities required to live. A livelihood is sustainable when it can deal with and recover from unexpected breaks and shocks, as well as maintain its capabilities and assets now and in the future, without jeopardizing the foundations of its natural resources. As a result, external effects affect livelihoods, increasing resilience and, as a result, decreasing vulnerability (Duffy et al., Gutiérrez-Montes et al., and Jacobs - 2011). 

The concept of 'Sustainable Livelihoods' serves as the foundation for various 'Sustainable Livelihood Approaches' (SLA) and has been adopted by various development organizations such as the British Department for International Development (DFID). The DFID has created a 'Sustainable Livelihood Framework' (SLF), which is one of the most widely used livelihood frameworks in development practice. In 1997, the SLF was incorporated into its development cooperation program.

Using the framework as a guide, this paper sees hybrid seeds and agricultural extension services as a vulnerable context that many maize farmers face. Farmers perceive hybrid seeds and agricultural extension services as a shock that affects their income, yield, and food security. Within the particular vulnerable context, a smallholder farmer is therefore obligated to strive for her well-being through the adoption of a combination of hybrid seeds and extension services by drawing on government policy, social capital, human capital such as farmers' profile including gender, age, land ownership, and asset base at her exposure. 

The framework is based on the assumption that people require assets in order to achieve a positive livelihood outcome. People do have various assets that they combine in order to achieve the livelihoods that they desire (DFID, 2000; Petersen and Pedersen, 2010). As a result, maize smallholder farmers use a variety of agriculture improvement strategies and skills to deal with the decline in income, yield, and food security, as well as the challenges that come with it. The selection of a specific agriculture improvement strategy, such as hybrid seed adaptation and extension services, is also strongly related to production outcomes, thereby increasing or decreasing smallholder income, yield, and food security (Petersen and Pedersen, 2010).

2.3.2 Theory of Diffusion of Innovations

Diffusion of innovations is a theory that seeks to explain how, why, and at what rate new ideas and technology spread. The notion was popularized by communication studies professor Everett Rogers in his 1962 book Diffusion of Innovations, which is currently in its fifth edition (Rogers, 2003). Rogers argues that diffusion is the process by which an innovation is communicated over time among the participants in a social system (Rogers, 2003). The theory will help to explain how smallholder farmers may adopt new innovations of using improved seed and access to extension services to increase maize production. 

Adoption involves the process whereby smallholder farmers take up different agricultural practices through the realization that these methods are better than prior farming practices. Diffusion of innovation theory (Rogers, 2003) posits that five factors influence the adoption of an innovation: relative advantage (innovation seen as better than current practice), compatibility (new approach is consistent with farmers' beliefs and experiences), complexity (level of difficulty to understand), trialability (ability to test innovation), and observability (tangible results are evident). Roger’s, (2003) states that for an innovation to be adopted, phases are followed by awareness, decision to adopt (or reject), initial use (testing), and continued use. The scope of this investigation falls within these phases for the adoption of improved maize seeds and access to agriculture extension services.

2.3.3. Theory of Change in Agriculture and Rural Development Intervention

Theory of change emerged in the 1900s first in the United States in the context of improving evaluation theory and practiced in community initiatives (Stein and Valters, 2012). A theory of change is a tool used for organizations to be able to explore and represent change in a way that reflects the complex and systematic undertaking of development (Cathy, 2011). It provides a comprehensive picture of early and intermediate term changes that are needed to reach a long term set goal (Anderson, 2005). 

The lack of clarity about the ‘mini-steps’ that must be taken to reach a long term outcome can reduce the likelihood that all of the important factors related to the long term goal will be addressed. Central to this process is recognising the assumptions that are made. Understanding, and making explicit, the assumptions that will lead to the desired change is central to the Theory of Change (ToC). The rationale for using ToCs is captured by Rogers, quoted in Vogel (2012) that “every pro-gramme is packed with beliefs, assumptions and hypotheses about how change happens about the way humans work, or organisations, or political systems, or ecosystems; and ToC is about articu-lating these many underlying assumptions”. Vogel (2012) visualises four stages of decreasing control and inﬂuence in a ToC. 

The sphere of control (activities, outputs, communications and net-works); sphere of direct inﬂuence (immediate target groups where short-term changes can occur comprising partners, collaborators, stakeholders); sphere of indirect inﬂuence (e.g. policy shapers, knowledge networks, planners, practitioners); and long-term changes (sphere of interest) that lead to impact. Thus, in this study, the theory of change will aid in the development of comprehensive frameworks for monitoring and evaluating farmer productivity focusing on "min-steps'' such as the use of agriculture training, better adaptation of agriculture technology, the use of high quality inputs such as better improved seeds, pesticides, organic and inorganic fertilizer, and the quality of training offered by VAEO/WAEO. The application of these mini-steps will influence the increase or decrease of farmers' income, yield, and food security, which in this study is considered as the long-term outcome of which will help the local government of Masasi District Council to increase their investment in agriculture activities within the district so they can meet the needs of the district's farmers.
2.3.4 The High Payoff Input Model

The inadequacy of policies based on the conservation, urban-industrial impact and diffusion model led to a new perspective in the 1960s (Cardno 2017). The key to transforming a traditional agricultural sector into a productive source of economic growth is an investment designed to make modern, high-pay off inputs available to farmers in poor countries (Nwachukwu, 2008). Farmers in traditional agricultural systems were viewed as rational, efficient resource allocators. They remained poor because in most poor countries, there were only limited technical and economic opportunities to which they could respond (European Commission 2018). 

According to Ruttan (2017), the new high pay-off inputs were classified into three categories. a) The capacity of public and private sector research institutions to produce new technical knowledge b) The capacity of the industrial sector to develop, produce and market new technical inputs. c) The capacity of farmers to acquire new knowledge and use new inputs effectives. The enthusiasm with which the high pay off input model has been accepted and translated into economic doctrine has been due in part to the proliferation of studies reporting high rates of returns to public investment in agricultural research. It was also due to the success of efforts to develop new, high productivity grain varieties suitable for the tropic (Ruttan, 2017). 

In this study, with reference to this module and according to Rutton (2017) on category C, the study was focusing on farmers' capacity to acquire new knowledge from VAEO/WAEO such as planting in lines, top dressing, weeding, FAW monitoring and control, and the importance of using hybrid seeds in their maize fields, as well as how they can meet their long-term outcomes of increased yield, income, and food security. We will be able to determine the extent to which small scale farmers increase their yield, income, and food security if they are provided with high inputs and technology as the module depect, particularly module category C, which focuses on farmers' capacity to acquire new knowledge and use new inputs effectively.

2.4 Empirical Literature Review

2.4.1 Empirical Literature Review on Effects of Agricultural Extension Services on Yield, Income and Food Security

A study by Mbise (2016) evaluated Tanzania's national agricultural extension system in order to quantify the impact of extension services on maize production and productivity. To collect cross-sectional data, a structured questionnaire was used. The results indicated a positive relationship between extension services and the quantity of maize produced. Other variables which revealed positive and significant relationships with extension services are family size and size of land. Sex of households head and fertilizer application showed a negative and significant relationship with extension services. 

The study explains how effective the agriculture extension services to final maize yield is. The research also focused on other dependent variables on maize production such as family size and farm size which are the same as for this study on our conceptual framework. However, the study by Mbise (2016) only focused on the impact of agriculture extension services on the final maize yield whilst ignoring income and food security as among the impacts of effective agriculture extension services. Ragasa and Mazunda (2018) used Malawi's Integrated Household Panel Survey to investigate the relationship between input subsidies and access to extension services, as well as the impact of both on-farm productivity and food security. 

A correlated random effects (CRE) device was used, and the results' consistency and robustness were tested using various other estimation models. Receiving fertilizer and seed subsidies has been shown to have an inconsistent impact on farm productivity and food security; however, access to agricultural advice has consistently been found to be insignificant in explaining these. When access to extension services is unpacked to include indicators of usefulness and farmer satisfaction, further analysis reveals a statistically significant and strong association between farm productivity and food security. Households that reported receiving "very useful" agricultural advice had higher productivity and food security than those that reported receiving "not useful" advice or no advice at all. This finding suggests that in order to increase the likelihood of achieving agricultural development outcomes, it is necessary to ensure the provision of relevant and useful agricultural advice.

A study conducted in India by Kulraj Raghuwanshi, Jaiswal,  Dubey, and Seema Naberia (2022) assessed farmers' barriers to using Private Agriculture Extension Services (PAES) and offered solutions to overcome them in the Chhindwara, Amarwara, Chourai, and Sausar blocks of the Chhindwara district (M.P.). Proportionate random sampling was used to select 174 respondents from each block's five villages. The study assessed the constraints faced by farmers regarding the use of PAES, with the most serious constraints being "Marketing is the utmost priority of PAESs," faced by 75.86% of farmers (ranked first), and the least serious constraints being "Lower credibility of PAES among farmers," faced by 24.71% of farmers (ranked 11th). 

Farmers' main suggestions for overcoming the problems associated with the use of private extension services were: the government should fix the prices for PAES providers, the government should provide timely technical guidance to farmers, including the hiring of village government extension officers, collaboration of Gram Sevaks with PAES, providers need to be improved, and lastly refreshment training should be provided to PAES providers. In general, the study finds that farmers faced numerous challenges when implementing privatization in agricultural extension services. As a result, the government should hire village extension officers to assist farmers in problem solving and providing agronomic services that will increase farmers' yield and income. The study also recommended a balanced approach on taking advantage of PAES while mitigating disadvantages.

A study carried out by Robert Aidoo, (2018), assessed the agricultural extension and its effects on-farm productivity and income in Northern Ghana. The study assesses the effects of extension services on-farm productivity and income with particular reference to agricultural extension services delivered by the Association of Church-based Development NGOs (ACDEP). The study used cross-section data collected from 200 farm households from two districts in the Northern region of Ghana. The robustness of the estimates was evaluated using regression on covariates, regression on propensity scores, and the Heckman treatment effect model. 
Participation in ACDEP agricultural extension programs resulted in positive economic gains, according to the study. Aside from the primary variable of interest (the ACDEP agricultural extension program), socioeconomic, institutional, and farm-specific variables were estimated to have a significant impact on farmers' farm income, depending on the estimation technique used.
2.4.2 Empirical Literature Review on Effects of Hybrid Seeds on Yield, Income and Food Security
A study carried out by Girma( 2021) examines the impact of adopting stress-tolerant maize seeds on maize yield, maize income, and food security in Tanzania. The study addresses the information gap by examining potential heterogeneity in yield, income, and food security benefits from adopting Stress-Tolerant Maize Varieties (STMVs) using a sample of 720 maize-producing households from Tanzania. Overall, the use of stress-tolerant maize varieties increased maize grain yield by 1 ton/ha and maize income by about $62/ha. The use of STMVs also reduced the likelihood of reporting mild, moderate, and severe food insecurity by 34%, 17%, and 6%, respectively. The productivity, income, and food security effects vary significantly depending on the scale of adoption, with a greater impact at lower dose levels of adoption.

A study carried by Mahesh Sapkota and Niraj Prakash Joshi (2021) assessed empirical factors associated with the technical efficiency of maize seed production in Nepal's mid-hills. The purpose of this study was to determine the technical efficiency (TE) of maize seed production and the major factors influencing TE. In June 2021, a semi-structured questionnaire survey was administered to 182 maize seed farmers chosen at random from a total of 260 maize seed growers in Palpa District, a leading maize seed producing district in Nepal's mid-hills. 
The stochastic frontier production model was used to estimate TE, and the Tobit model was used to assess the factors influencing TE. The TE ranged from 0.25 to 0.92, with a mean of 0.71. This revealed the potential for a 29% increase in TE. The age and schooling year of household heads have a large impact on TE in the study area. Similarly, maize seed production experience, livestock holding, maize seed area share, seed source, and access to extension services all have an impact on TE. As a result, focusing on motivating experienced educated maize seed growers to expand the maize seed production area, supplemented by a better seed source and extension services would help to improve TE.

A study by Manda, et al., (2018) investigated the impact of improved maize varieties on household food security in eastern Zambia using household survey data from a sample of over 800 rural households. Since the treatment effect estimates are often prone to misspecification in either the treatment or outcome equation, to obtain reliable impact estimates, the study employs the doubly robust inverse probability weighted regression adjustment method, which is supplemented with propensity score matching on six different food security measures. Generally, the study finds a positive impact of improved maize adoption on food security across the two econometric approaches. With maize being the most important food staple in Zambia, the study finds that it has a great bearing on the food security status of farm households. It is therefore critical to create an environment that encourages the adoption of maize yield-improving technologies.

A study conducted by Moti and Olaf (2018) examines the impact of improved maize adoption on household food security of maize producing smallholder farmers in Ethiopia. The study examined the empirical regularities that explain the adaptation of improved maize varieties (IMVs) and how this has impacted household food security in a sample of 2327 maize producing households in 39 districts of Ethiopia. The findings show that IMV adoption has a significant and positive impact on per capita food consumption, as well as a significant increase in the likelihood of a smallholder being in food surplus. The advances in the adoption of improved maize have thus contributed significantly to the food security of maize producing smallholders, confirming the role of crop improvement in contributing to the food security of agrarian households.

A study by Sikhulumile (2020) assessed technology adoption and household food security among rural households in South Africa and the role of improved maize varieties. This study aimed to assess the impact of the adoption of improved maize varieties on household food security among smallholder farmers in KwaZulu-Natal, South Africa. The propensity score matching method, the treatment effect model, and the Tobit selection model were used to analyze a sample of 415 maize producers. 

The findings were consistent across models, indicating that improved maize varieties increased household food security and that the impact of adoption varied depending on the farmers' adoption level and socioeconomic characteristics. According to the findings, an additional 1 ha of land planted with improved maize varieties increases annual food expenditure per capita by more than R4000. Finally, the study recommends that policymakers aim to facilitate the dissemination of less expensive improved seed varieties, target female farmers, and improve their access to information in order to improve the adoption of technological innovations and food security among South Africa's poor farming households.

2.5 Conceptual Framework

The presented conceptual framework is informed by a review of empirical literature and theories relevant to the study. The framework is a thorough modification of DFID’s sustainable livelihoods framework. Within the framework, there exists a link between the vulnerability contexts which frames the external environment in which people exist (GLOPP, 2008). Also, policies, institutions, and processes are included as they operate at all levels, from the household to the international, and in all spheres, from the most private to the most public (DFID, 2000). 
Livelihood strategies (LS) are the activities and decisions that people make in order to achieve their livelihood goals, whereas livelihood outcomes (LO) are the accomplishments or outcomes of livelihood strategies, such as increased income, increased well-being, reduced vulnerability, improved food security, and more sustainable use of natural resources (DFID, 2000).
With reference to Sustainable Livelihood Framework (SLF), the framework facilitates an understanding on how smallholder farmers utilize the adaptation agriculture extension services and hybrid seeds at their exposure to develop LS to enhance their well-being given the vulnerability context of age and gender, geographical location and farm size. Therefore, the more livelihood assets that smallholders have access to, the less they become vulnerable to the negative effects of trends and shocks associated with lack of hybrid seeds and adaptation of agriculture extension services which will eventually affect their livelihood outcome (LO). The livelihood outcomes that can be achieved by smallholder farmers are improved well-being in terms of more incomes and food security, reduce vulnerability, and yield increase.
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Several variables have been identified in the literature as influencing adoption levels. Human capital, credit constraints, risk, farm size, labor availability, land tenure, livestock assets, agricultural training, interactions with extension, and input supply are examples of these (Kassam, Mkomwa, Friedrich, 2017). The framework also conceptualizes a number of background and intermediate variables. Background variables include the socio-demographic characteristics of smallholder farmers.
Figure 1.1: The Study’s Conceptual Framework

Source: Modified from DFID’s (2000) Sustainable Livelihoods Framework
The intermediate variables such as government policies, NGOs institutions, process and the cultural context affect smallholder farmers on adapting hybrid seeds and agriculture extension services of their choice for their LS and their well-being respectively. LS enable farmers to achieve livelihood outcomes such as (increased incomes and yield, food security, increased wellbeing and reducing vulnerability). The choice of particular LS is also strongly related with the resultant livelihood outcome, hence well-being. 

The independent variables (Vulnerability Context) are postulated to facilitate the decisions of the smallholder either to use maize improved seeds and access agricultural extension services or not. Farm size is grouped as a continuous variable that points towards the land utilised by the members of the smallholders during agricultural seasons (Lungadu, 2017). LS and outcomes are also transformed by the environment of structures and processes. LS are determined by assets and opportunities available to the smallholders farmers (which are in turn affected by policies, institutions and processes and changes in the vulnerability context) as well as by the choices and preferences of those individuals (DFID, 2000). Other background variables include- smallholders' age, gender, level of education, and livestock ownership. Government policies, access to credits, and institution policies represent the intermediate variables (DFID, 2000). Some farmers may be rational in their behaviour and their perceptions may be influenced by the information available to them, their socio-economic situation, farm inputs and demographic profile (Lungadu, 2017).

The study clearly shows that smallholder farmers' socio-demographic variables can influence their choice of LS as well as their overall well-being. Furthermore, the availability or lack of accurate information systems can influence smallholder farmers' adoption of a given LS and, as a result, their well-being. These simply refer to the social livelihoods that smallholder farmers rely on when pursuing various LS (DFID, 2000).

2.6 Research Gap

There has been little research in Tanzania, particularly in the Mtwara region, on the effects of improved seeds (Hybrid seeds) and agriculture extension services on poverty alleviation, food security, and lower yield among smallholder farmers. Smallholder farmers have low capital, limiting their ability to adopt new technologies; they have small land sizes, limited technology, and rely solely on family labor. Due to these constraints, it is critical to assess the most effective way to increase farmers' yields, income, and food security while maintaining the same climatic conditions and investing more in sophisticated agriculture training and the use of improved farming inputs.

2.6 Summary

This chapter has described the detailed analysis of the different theories, literatures, and the definition of the key terms. Further explained the conceptual framework of the study which shows the relationship between the independent (exogenous) variables explained the dependent (endogenous) variable for the study objectives. The next chapter elaborates the methodology approach used in the study.

CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Overview

This chapter presents the methodology of the study. It covers the study area, research design, sample and sampling procedures, the sample size, data collection techniques and data analysis techniques, variable measurements, and the validity and reliability of data.

3.2 Study Area

The study was conducted in Mtwara Region, one of the 26 regions of Tanzania Mainland located in the southern part of Tanzania with a surface area of about 1,672,000 hectares and a population of 1,451,078 in 2019 (URT, MRIG, 2019). Selection of Mtwara is based on the fact that the region produces less than 200,000 tons per season despite good geographical conditions (Mtaki, 2019). In 2018/19, approximately half of all maize produced in Tanzania came from the southern highland while the southern parts including Mtwara produced less than 100,000 tons per season. (Mtaki, 2019). The selection of the study districts will be based on a number of criterias. 

Firstly, Masasi District Council outweighs all other 5 districts apart from Nanyumbu in terms of area used for maize food crop cultivation with about 29.9% of its area used for maize production (URT, MRIG, 2019). Secondly, Masasi District Council has diversified smallholder farmers with varying economic capacities, social and cultural diversities as well as agricultural lands which bring more yield when farmers adopt better agriculture training and hybrid seeds to their fields (URT, MRIG, 2019). Thirdly, Masasi District Council has VAEO/WAEO officers who provide agriculture extension services to farmers, which is among the core objectives of the study. 

3.3 Research Design

A research design is the study structure that guides a researcher through the planning and execution of research. Furthermore, it describes the strategies that a researcher employs to generate accurate, interpretable, and objective data. To meet its objectives, the study adopts a descriptive design and a Randomized Control Trial (RCT) as an evaluation design. A descriptive research design is appropriate for assessing associations or relationships between variables, and the resulting data can be used to explain a relationship to the phenomenon (Ritakou, 2014), whereas a randomized controlled trial (RCT) is designed to determine the efficacy of an intervention under idealized and controlled circumstances, and thus is conducted under rigorous conditions, including strict adherence to structured protocols, the use of restrictive inclusion and exclusion criteria, and patient randomization, (that is to ensure they minimize the possibility of bias regarding the effect of an intervention). Thus, a quantitative approach and RCT research methodology was used to assess the social and economic impacts of agriculture extension services and hybrid seeds on farmers' yields, incomes and food security.

3.4 Data Sources

The study used cross-sectional primary data in facilitating knowledge gap-filling since it consists of facts which will be collected from the field as fresh information. Secondary sources such as FAOSTAT were used for calculating yearly average maize market price that was also be used as complements to the primary data in the discussion of the findings. They were in line with the research questions guiding the study. 

3.5 Sampling and Sample Size

Study population included all farmers who planted using hybrid seeds and received agriculture extension services and the not. A two-stage sampling technique was used, combining purposive and random sampling. The first stage was on selection of the villages, using the purposive sampling method of which 3 villages including Nangoo, Chikukwe, and Mbaju out 36 villages with VAEO/WAEO and farmers who have planted using improved seeds and received agriculture extension services have been selected due to low logistic transport cost and geographical feasibility while 3 villages including Misechela, Mitonji, and Mtojo Lupaso, out of 123 villages for farmers who haven’t planted using improved seeds nor receiving agriculture extensions services have been selected due to low logistic transport cost and geographical nearby. 

The second stage involved a random sampling of farmers within selected villages. A total of 300 farmers participated in the study whereas 150 were from the village that farmers have planted using hybrid seeds and access to agricultural extension service from VAEO/WAEO and the remaining 150 from the village which farmers didn't plant using hybrid seeds and access to agriculture extension services. The main inclusion criteria on the sample were farmers who planted using hybrid seeds and access to agriculture extension services for Nangoo, Chikukwe, and Mbaju villages while for Misechela, Mitonji, and Mtojo Lupaso, farmers who haven't planted using hybrid seeds and did not receive agriculture extension services from VAEO/WAEO but resemble the first groups in terms of social-economic status and geographical locations. 

3.6 Sample Selection Techniques

The study employed randomization sampling techniques for both villages Nangoo, Chikukwe and Mbaju for farmers using hybrid seeds and access to agriculture extension services and Misechela, Mitonji and Mtojo Lupaso for farmers who didn't use hybrid seeds and access to agriculture extension services. To make sure we have a representative sample size, selected 150 farmers for those who use hybrid seeds and access to agriculture services, and 150 farmers for those who didn't use hybrid seeds and access to agriculture services were randomly selected from within the villages using a simple random sampling method of which each farmer has an equal chance, or probability, of being selected with a help of a software called Research Randomizer which has been designed for this purpose, while 50% of the randomly selected sample size were female for gender balancing purposes. 

Villages are geographically clustered to allow for feasible data collection and avoid spillover effects. With that, 6 villages have been randomly selected based on the geographical boundaries, how far they are from one village to another due to the avoidance of spillover effects and the availability of VAEO/WAEO officers on the villages. With that, Nangoo, Chikukwe, and Mbaju have been selected due to the presence of farmers who planted using hybrid seeds and received agriculture extension services from their VAEO/WAEO, while Misechela, Mitonji, and Mtojo Lupaso, have been selected due to have farmers who didn’t planted using hybrid seeds and received agriculture extension services. 

3.7 Data Collection Methods

Crop yields were physically measured by installing three random 12-meter boxes in a field corner to ensure unbiased measurements for farmers' yield estimations. For both groups, a combination of field visit, observation and questionnaire were both used for data collection in yield estimates. Farmers were visited three times before, during, and after harvesting to collect yield estimation data. During visit 1, the researcher counted the number of plants in the randomly installed boxes for both groups and recorded the data while waiting for maize to flower and mature while instructing farmers to not harvest or cut plants within the box without the researcher being present. 

During visit 2, when the maize was matured enough to harvest, the researcher counted the number of plants in each box to compare with the number we had in visit 1, then harvested with farmers while counting and weighing the number of corns per box and storing them in different bags. Post-harvest period (visit 3) happens after 2 weeks, when the maize has dried enough, the researcher recounted the number of corns to ensure that we have the same number corns as for visit 2 during harvesting, degrain the corns with farmers, and weigh the final maize seeds, which was be used to calculate the average yield estimate per farmer. 

The researcher conducted harvest estimates and farmer impact calculations once harvest measurements were completed. The researcher cleaned and organized the raw data and calculated the estimated yield for each individual farmer based on their harvested sample for the essence of having the average yield per farmer and per group. For income estimation, quantitative analysis was used after yield estimation whereby the average yield multiple with its market value was subtracted with the farmer's cost of production after a post-harvest interview with farmers. The secondary data was collected through document review especially on FAOSTAT, Bank of Tanzania (BOT) and the website of ministry of agriculture and livestock. 
The data collected and searched were the average maize market price for 6 years back. Food security estimation was a qualitative interview using the Household Food Insecurity Access Scale (HFIAS) method whereby both farmers had to recall for a period of 30 days and be asked two types of questions: nine "occurrence" and nine "frequency-of-occurrence". Farmers were first asked if a given condition was experienced with (yes or no) answer and, if it was, then with what frequency (rarely, sometimes, or often). The resulting responses can be transformed into either a continuous or categorical indicator of food security. 
3.8 Data Analysis

Qualitative data was categorized and coded before inferences are drawn based on the themes under the study. Descriptive statistics were used to analyze quantitative data (tables and percentages).Prior to the detailed data analysis, the questionnaires were examined, variables coded, and imported into the Statistical Package for Social Science (SPSS, R and excel) software package, and this process was repeated for all questionnaires used in the field. The questionnaire information was coded, converted to numerical codes, and organized in a systematic, 'machine-readable' manner. As a result, the coding process aided in the detailed analysis of the data, whereas qualitative data was analyzed using an inductive and deductive approach or content analysis. However, qualitative data was also transformed into quantitative data and analyzed using SPSS and R in accordance with the study's main objectives. The study's findings were presented in the form of tables and percentages.

3.9 Ethical Consideration

The study adhered to the ethics provided under the guidelines of the Open University of Tanzania. First and foremost, the document respected the original pattern with data collection being performed under the permission of the Open University of Tanzania. In the process of information gathering, the confidentiality of the respondents were observed. 

3.10 Expected Results of the Study

The study expected the factors identified such as use of hybrid seeds and receiving of agriculture training such as line and space planting, FAW controlling and monitoring, using of fertilizer, weeding and top dressing from VAEO/WAEO to have a positive effects on smallholders farmers in Masasi District with focusing on the final maize yield, income and food security

CHAPTER FOUR

RESULTS AND DISCUSSIONS

4.1. Introduction

This chapter presents and discusses the findings obtained from the study respondent answers to the following research objectives: to determine the impact of improved seeds and agricultural extension services on small-scale farmers' yields in Mtwara region, to investigate the extent to which improved seeds and agricultural extension services contribute to food security among small scale farmers in Mtwara region, and finally to determine the extent to which improved seeds and agricultural extension services contribute to food security among small scale farmers in Mtwara region. 

4.2 Respondent Rates

The researchers met with 335 farmers in person at the Masasi District Council. No questionnaires were disqualified for being either incomplete or having figure errors out of 335 field visits; this represents a 100% respondent rate. The data is adequate for further research into the study. According to Babbie (2002), a response rate of more than 70% is excellent for statistical generation. According to Mugenda and Mugenda (2003), a response rate of 50% is adequate for analysis and reporting; a rate of 60% is good, and a rate of 70% or higher is excellent. The response rate was excellent, according to this claim.

4.3 General Information

The general information provides the social-demographic characteristics of the participants which includes the gender distribution, age, education level, employment status, household size and level of education.

4.3.1 The Gender of the Participants

The gender distribution was established to examine the gender distribution in the farmer groups. The findings revealed a margin difference between males and females, with males accounting for the majority of participants (63% on average for both groups), while females accounted for only 37%. There was no difference in the proportion of male-headed households between the treated and control groups, which could be attributed to a variety of factors such as culture, norms, and religious practices. Table 4.1 shows that male participation in agricultural activities are higher than female participation, implying higher gender parities, particularly in agriculture.

Table 4.1 Gender Distribution of the Participants
	Gender
	          Treatment Group 

               (n = 165)
	Percentage (%)
	         Control Group

             (n = 170)
	 (%)

	Male
	102
	62
	110
	65

	Female
	63
	38
	60
	35

	Total
	165
	100
	170
	100


Source: Researcher, 2022 (IBM-SPSS Ver.20)

4.3.2 Age of the Participants

It is thought that as a farmer ages and gains experience, he or she becomes more productive and has better managerial skills (Loren r, 2018). Later in life, productivity may decline. An early study by Loomis, supported by Long, discovered a cyclical relationship between farmer age and farm size, and use of some inputs, and output. Tauer (2018) recently used 2017 Agricultural Census data to conclude that farmers' productivity increases and decreases, with farmers between the ages of 35 and 44 being the most productive (Loren, 2018). Thus, the study classified farmers aged from 20 to 35 as youth, 35 to 45 as adults, 45 to 55 as senior adults, and farmers over 55 years as seniors. 

According to the study, the age range for the treated and control groups was between 35 to 45 years old, with the treated group attending agriculture training and using hybrid seeds on their farms making 56% and the control group having a passion for increasing their yield, income, and food security making 50%. The treated and control groups were followed by 18% and 20% of people aged 45 to 55, respectively. Furthermore, the study found that 12% of the treated and 17% of the control groups were between the age of 20 to 35. Farmers over the age of 55 classified as seniors made only 12% for treated groups and 11% for the control groups. According to the findings, the majority of the participants were young people with a lot of energy and a strong desire to improve their yields, income, and become food secure.

Table 4.2: Age Distribution of the Participants
	Age
	Treatment Group 

(n = 165)
	Percentage (%)
	Control Group 

(n = 170)
	    (%)

	20-35
	21
	12
	30
	17

	35-45
	94
	56
	85
	50

	45-55
	30
	18
	35
	20

	Above 55
	20
	12
	20
	11


Source: Researcher, 2022 (IBM-SPSS Ver.20)

4.3.3 Level of Education of the Participants

The study looked at farmers' educational participation to assess their professional knowledge and skills in their respective fields of specialization, particularly agriculture. According to the findings, the majority of participants have a secondary education level, with 43 percent in the treated group and 38 percent in the control group, followed by 40 percent in the treated farmers and 58 percent in the control farmers having a primary level of education. 

Furthermore, 7% of participants in the treated group finished diploma courses and 1% finished their undergraduate degree, whereas no one in the control group finished either diploma or undergraduate degree. The majority of participants, according to the findings, not only have a low level of agriculture knowledge and skills, but they also lack quality education skills, and professional knowledge that could help them succeed in agriculture. The participant's educational level is shown in Table 4.3.

Table 4.3: Education Level of the Participants
	Level of education
	Treatment Group (n = 165)
	Percentage (%)
	Control Group (n = 170)
	Percentage (%)

	Bachelor Degree
	3
	1
	0
	0

	Diploma (or Tertiary skills)
	12
	7
	0
	0

	Certificate
	16
	9
	8
	4

	Secondary
	69
	43
	64
	38

	Primary
	65
	40
	98
	58

	Total
	165
	100
	170
	100


Source: Researcher, 2022 (IBM-SPSS Ver.20)

4.3.4 Employment Status of the Participants

According to the findings, the majority of the participants, 59 percent for the treated group and 64 percent for the control group, are self-employed, particularly in agriculture, indicating that we reached the intended group for the study. A small percentage of the participants, 1%, indicated that they were full-time employed. The findings also revealed that 40% of the treated and 36% of the control groups are unemployed despite owning and managing their own maize fields. The employment status of participants is shown in Table 4.4.

Table 4.4: Employment Status of the Participants

	Employment Status
	Treatment Group

(n = 165)
	Percentage (%)
	Control Group (n = 170)
	Percentage (%)

	Employed full time
	3
	1
	0
	0

	Student
	0
	0
	0
	0

	Self employed
	97
	59
	109
	64

	Employed part time
	0
	0
	0
	0

	Un-employed
	65
	40
	61
	36


Source: Researcher, 2022 (IBM-SPSS Ver.20)

4.3.5 Household Size Adaptation Rate by the Participants 

According to the findings, the adoption of hybrid seeds and agricultural training varies by household size. The number of members in a particular household was used to categorize household size. There were four categories created: 1 to 4 members, 5 to 8 members, 9 to 12 members, and more than 12 members in a particular household.

Table 4.5: Household Size Adaptation Rate by the Participants

	Household size
	Treatment Group (n = 165)
	Percentage (%)
	Control Group (n = 170)
	Percentage (%)

	1 to 4
	27
	16
	32
	19

	5 to 8
	56
	34
	98
	58

	9 to 12
	80
	48
	34
	20

	> 13
	2
	2
	6
	3

	Total
	165
	100
	170
	100


Source: Researcher, 2022 (IBM-SPSS Ver.20)

In the treated groups, the highest rate of adoption of hybrid seeds and agricultural techniques was 48% in households with 9 to 12 members, followed by 34.00% in households with 5 to 8 members. In terms of hybrid seed and agricultural technique non-adoption, households with 5 to 8 members had the highest adoption rate of 58%. The treatment group had a lower rate of 2%, while the control group had a rate of 3%; both were found in households with 13 or more members. This implies that households with 5 to 8 and up to 12 members had the highest adoption rates of hybrid seeds and agricultural techniques, as these households have a larger labor force that can participate in cultivation/extensive farming, thus no longer being involved in intensive farming. 

The findings are consistent with those of Adeoti (2009) and Akudugu, et al. (2012), who discovered that the rates of adoption of agricultural technologies are higher in households with a large labor force, as opposed to households with more dependents. The reason for this is that when there are a large number of active and productive labor force members, output increases, which increases farm income profit, which can be used to purchase agricultural technologies. As a result, this primary factor has a multiplier effect (Donkoh, 2019).

4.4 Descriptive Statistics of the Maize Household Survey

This section presents and discusses the variables used in the analyses, which are broken down by farmers attending agriculture training and using hybrid seeds in their maize fields versus control farmers who did not. Table 4.6 shows descriptive statistics at the household level, disaggregated by hybrid seeds and agriculture training adoption status. While fully treated farmers were slightly more educated than control farmers, there were no significant differences in terms of total farm size and total maize area cultivated. Yet, due to yield differences, maize production is higher among treated farmers than control farmers by 11 percent. About a quarter and a half of all households, almost75 percent produce maize for home consumption; the rest 35 percent produce maize only for selling within their local villages. These shares were almost equal across the 2 groups. But in quantity and value terms, maize production was significantly higher among the treated group than the control group.  

Table 4.6: Descriptive Statistics for Maize farmers in Masasi District Council

	Characteristic
	Sample 

(n = 335)
	Treated 

(n =165)
	Control 

( n = 170)
	Difference

	1. Dependant Variables
	
	
	
	

	Average farm size (ha)
	0.37
	0.32
	0.42
	-0.10

	Yield (tonnes / ha)
	1.78
	2.35
	1.18
	1.17

	Income (USD / ha)
	61.22
	97.87
	24.56
	73.31

	2. Independent Variables
	
	
	
	

	Age
	35.00
	34
	36
	-2.00**

	Gender (% male)
	235
	124
	111
	13.00

	Total farm size (ha)
	2.55
	2.43
	2.67
	-0.24***

	Maize production (t/year)
	0.62
	0.67
	0.56
	0.11

	Own maize consumption (kg/year)
	1168.50
	1350
	987
	363.00

	Education (Years) ²
	11.50
	14
	9
	5.00***

	Household size
	5.50
	5
	6
	-1.00**

	Access to credits
	36.00
	67
	5
	62.00

	Received agriculture trainings
	335.00
	165
	170.00
	-5.00***

	In groups as members (%)
	64.00
	103
	25
	78.00

	Received seeds information
	21.35
	23.9
	18.8
	5.10*


Note:

i) Value in asterisk implying the p-value is significant at either * (10%), ** (5%), or *** (1%) respectively.
ii) (x) Mean is significantly greater than mean in column x at the 10% level. 

iii) ² Education of household heads.

4.5 Descriptive Statistics at the Plot Level, by Group

According to the study findings in Table 4.6, the average farm size is 0.32 hectares for treated farmers and 0.42 for control farmers, representing a 68.00 percent difference between the treated and control farmers. Considering the total maize farm area in our sample, 100 percent was cultivated with hybrid seeds and this is due to the training offered by VAEO/WAEO in treated groups of villages. For the control groups only 3 percent of farmers used hybrid seeds and this includes recycled hybrids. The relatively low adoption rates of hybrid seeds for the control groups may be due to the fact that suitable hybrids are not available for all locations, lack of information, lack of training on the importance of hybrid seeds and lack of credits or enough money to purchase the available hybrid seeds. 

On the other hand, limited awareness may also play a role (Suri, 2011). Intercropping of maize, mostly with legumes, was practiced on 12.85 percent and 91.76 percent of the treated and control plots, respectively. Intercropping can potentially contribute to higher maize yields due to the ability of legumes to fix atmospheric nitrogen (Suri, 2011). On the other hand, intercropping might reduce the amounts of other nutrients and water available for maize, especially under dry conditions (Suri, 2011). 

Almost all maize was grown under rainfed conditions. Only 3-4% of all maize plots received mineral fertilizer, with no significant difference between treated and control groups. Likewise, pesticide use was very low, especially for the control group at 25.14 percent and 74.86 percent for the treated group. Manure application was more common, especially on treated plots. Maize yields were quite low in an international comparison below 3.5 tonnes, but they were significantly higher for the treated group than for the control group. Table 4.6 shows descriptive statistics at plot level.

Table 4.7: Descriptive Statistics at the Plot Level, by Group

	Characteristic
	Sample 

(n = 335)
	Treated

 (n =165)
	Control

 ( n = 170)
	Difference

	Pesticides (Lit/ha)
	0.90
	1.34
	0.45
	0.89**

	Organic fertilizer kg/ha
	17.55
	24.7
	10.4
	14.30

	Chemical fertilizer kg/ha
	14.67
	23.55
	5.78
	17.77

	Planted with seeds (Kg/acre)
	85.00
	165
	5
	160.00***

	Manure (Kg/acre)
	344.74
	674.98
	14.5
	660.48*

	Maize Intercropping
	89.50
	23
	156
	-133.00

	Total cost a (1000 TSh/acre)
	121.35
	198.80
	43.89
	154.91


Note: Value in asterisk implying the p-value is significant at either * (10%), ** (5%), or *** (1%) respectively.

4.7 Descriptive statistics Food Insecurity Status

According to the study findings in Table 4.7, the treated group was relatively food secure by 76.51 percent compared to the control group by 14.12 percent, while the prevalence of food insecurity (mild, moderate, and severe) was higher in the control group by 24.00 percent compared to the treated group by 51.71 percent. Furthermore, the findings show that for the control group, 56.98 percent were severely food insecure, while 7.00 percent of the treatment group were severely food insecure. 

The findings are intandam with the FAO 2021 data as the prevalence of severe food insecurity is highest in Central Africa (35.8 percent), but for moderate food insecurity the prevalence is higher in Eastern and Western Africa (36.6 and 39.5 percent, respectively) (FAO 2021). The latter two subregions account for 71 percent of the moderately food insecure on the continent (FAO 2021). According to Msafiri et al., (2017), a robust agricultural policy aimed at stabilizing agricultural production and socio-economic entitlement among farmers is required to limit the problem of food insecurity. As a result, the study findings indicate that the treated group had greater access to food than the control groups.

Table 4.8: Distribution of Maize Farmer’s Households by Food Insecurity Access By Group

	Characteristic
	Sample 

(n = 335)
	Treated 

(n =165)
	Control 

( n = 170)
	% Difference

	Food secure
	45.32
	76.51
	14.12
	62.39

	Mild food insecurity
	37.85
	51.70
	24.00
	27.70

	Moderate food insecurity
	55.20
	30.50
	79.90
	-49.40

	Severe food insecurity
	31.99
	7.00
	56.98
	-49.98


4.8 Observed Maize Yield Differences by Wealth

In terms of the conceptual framework, the study investigates whether the difference in yield, income, and food security can be attributed by the farmers' wealth endowment. According to Fischer (2016), there are two types of risk: subjective risk, which refers to a lack of sufficient knowledge to evaluate a new technology, and objective risk, which refers to wealth, with the poor facing limited investment opportunities such as farming in less optimal land characterized by infertile soils and low rainfall, as well as difficulties in investing in agricultural inputs.The wealth variables (indices) with mean equal to zero and a standard deviation equal to one were constructed by using factor scores from the principal component as weight. 

Farmers were later classified into wealth groups (quintiles) using the constructed farmers' wealth scores, respectively. The differential impact of adopting hybrid seeds and agriculture training to maize fields was identified by non-parametrically comparing the average impact across the different quintiles. The observed average maize yields vary significantly across wealth groups, as shown in Table 4.9. The average yield for the poorest/control group (the first quantile) is only 0.19 t/ha, while the average yield for the wealthiest/treated group (5th quantile) is 0.54 t/ha, representing a 54.44 percent yield difference. The mean yield for both groups is represented by the third quantile. 

The difference in mean yield between the two groups is 50 percent. Higher yields among wealthier households can be explained by the fact that, aside from seed technology, maize productivity is largely driven by other inputs such as purchasing fertilizer and pesticides, receiving agriculture trainings, using hybrid seeds and organic fertilizer, and other observable factors that wealthier households are more likely to access than poorer households. This appears to be consistent with the fact that wealth serves as a proxy for a broader range of potentially important factors, including access to credit, risk tolerance, access to scarce inputs (water, seed, fertilizer, insecticides), and access to information (Feder et al., 2019).

Table 4.9: Observed Maize Yield Patterns by Wealth Group and Adoption Status

	Wealth group (1 = less wealthy; 5 = most wealthy
	Yield (kg/ha)

	
	Treated
	Control
	Difference

	1st Quantile
	0.54
	0.19
	0.35

	2nd Quantile
	1.81
	0.85
	0.96

	3rd Quantile
	2.33
	1.16
	1.17

	4th Quantile
	2.95
	1.47
	1.48

	5th Quantile
	4.63
	2.72
	1.91


4.9.1 Improved Seeds and Agricultural Extension Services Vs Farmers’ Yields

The yield results for the treated and control groups are shown in Table 4.10. Maize yields were estimated to the amount of land planted with improved technology including hybrid seeds and the adaptation of better agriculture techniques using the continuous treatment effect approach to quantify the potential benefits of adopting hybrid seeds and agriculture training. The estimates are based on the crop cut estimation technique, with a focus on the third visit, when the maize yields of both groups were measured after being dried sufficiently enough for human consumption. 

The results indicate that, on average, and after controlling for both observable and unobservable factors such as early post-harvest management and pest control, using improved seeds and applying better agriculture techniques increases maize yields by 1.18 t/ha, representing a (50%) increase in maize yields. These findings are consistent with other studies on improved seeds and agricultural training adaptation, such as Amondo (2019), who investigates the effects of adopting drought-tolerant maize varieties (DTMVs) and agriculture training on farm productivity, yield variance, and downside risk exposure of maize growing households in Zambia. He discovered that DTMV adoption increases maize yield by 45 percent and reduces crop failure risk: reducing yield variance by 38 percent. Another study is for Simtowe (2019) who investigates how scalable are stress-tolerant maize varieties? An examination of knowledge, seed access and affordability heterogeneity effect in Tanzania finds that hybrid seeds and agriculture training are expected to increase maize yields by 20% to 40%, decrease yield variability and production risk (Simtowe et al., 2019).

Other significant and positive factors that contribute to maize yield include, but are not limited to, are the log of pesticides applied per hectare, the log of organic and inorganic fertilizer applied per hectare, the log of household size, and the farmers' geographical location. When applied, a higher intensity of these agricultural inputs combined with agriculture technical training such as space planting, weeding, top dressing, and FAW control and monitoring increases maize productivity. When comparing the treatment and control groups, all of these factors were observed in the treatment group. 

However, the treatment group's log farm size has a positive correlation with maize yield despite the fact that most of the treatment farmers planted in very small farm sizes compared to the control, which could be due to the cost of purchasing inputs such as hybrid seeds, pesticides, and both organic and chemical fertilizer. The interaction between seed, fertilizer, and chemical pesticides adoption was positive and statistically significant in the yield specification, implying that not only do farmers benefit from adopting improved seeds and receiving agriculture training, but it also has a statistical significance on the use of fertilizers and pesticides, which increases maize productivity.
Table 4.10: Impact of Hybrid Seeds and Agricultural Training on Yield Productivity

	
	Maize Yield (t/ha)

	Variables
	Coef
	SE

	Seed (Kg/Ha)
	435.591***
	86.41

	Ln Fertilizer (Kg/Ha)
	322.285***
	33.15

	Sq. Fertilizer (Kg/Ha)
	31.877**
	9.62

	Pesticide (Lit/Ha)
	9.577
	11.384

	Herbicides (Lit/Ha)
	25.833
	22.864

	Organic fertilizer Kg/Ha
	10.822**
	8.739

	Household size (Number)
	9.591*
	87.184

	Group membership (1=Yes; 0=Not)
	2
	88.635

	Fertilizer heterogeneity (ws_lnfertha)
	−75.899*
	45.93

	Constant
	−486.825
	291.43

	Observations
	335
	

	R 2
	0.253
	


Note:

i) Data:  Final Yield by Groups

ii) t = 16.479, df = 253.74, p-value < 2.2e-16 alternative hypothesis: true difference in means between group Control and group Treatment is not equal to 0 – 95 percent confidence interval: -1.317854 -1.036492 sample estimates:

iii) Value in asterisk implying the p-value is significant at either  * (10%), ** (5%), or  *** (1%) respectively.
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Figure 4.2: Impact of Hybrid Seeds and Agricultural Training on Yield-Box Plots

N:B Outliers were spotted and removed from the final yield estimation results.

4.9.1.1 Heterogeneous Impacts on Land Size and Yield by Wealth

Households have varying levels of hybrid seed and agricultural adoption, which may have varying effects on maize productivity and income. The researcher used the continuous treatment effects procedure in STATA, as described by Cerulli (2014), to examine the impact of different levels of hybrid seed and agriculture training adoption intensities on maize yields and farm size. According to the results, poor households devote less land to hybrid and technology adaptation, averaging (0.12ha), than wealthy households, who devote roughly twice the amount of land (0.32ha) to hybrid seed and agriculture training. 

This can be explained by Haug (2016) who reported that low profit, high cost of improved seed, lack of information and availability of farmers' preferred varieties have been reported to be limiting factors in adopting improved seeds and agriculture techniques (Haug, et al., 2016). However, the use of hybrid seeds and agricultural technology adaptation have a significant impact on final yield. For example, when the poorest/control group planting on an average farm size of (0.16 ha) will harvest (0.19.t/ha), which is 30.43 percent less than the wealth group/treated group who planted using improved technology. This can also be seen in terms of more land usage, with the wealth/treated group harvesting 58.75 percent more yield than the control group if they planted on an area of (1.98ha). 

This implies that farm area is not the only determinant of yield increase but unobserved factors such as better technology adaptation, availability of the information at the right time and high quality of farming inputs. This can be supported by Collier and Dercon (2014) and Gollin (2018), who argue that small farms in developing countries can be productive, but not in the sense of technological productivity, but due to imperfections in factors like markets, agriculture technology, and the use of better improved inputs such as seeds, fertilizer and pesticides.

4.9.2 Improved Seeds and Agricultural Extension Services vs. Farmers’ Incomes

The adoption of hybrid seeds and agricultural extension services has a significant positive effect on maize income, according to the findings. A treatment farmer earns an extra US$73.31/ha on average than a control farmer. Other factors that contributed to higher maize incomes included the use of pesticides, chemical fertilizer, the adoption of better agricultural planting techniques, adoption of hybrid seeds, and FAW monitoring and control. Because of the lack of practicing agriculture improved techniques such as space planting, weeding, top dressing, and FAW controlling and monitoring, control farmers' maize income is significantly lower than treatment farmers'. Table 4.10 shows the impact of hybrid seeds and agricultural extension services on maize income per hectare.
Table 4.11: Impact of Hybrid Seeds And Agricultural Training On Income
	
	Maize Income (t/ha)

	Variables
	Coef
	SE

	Seed (Kg/Ha)
	18.455**
	6.75

	Ln Fertilizer (Kg/Ha)
	8.515***
	2.86

	Sq. Fertilizer (Kg/Ha)
	−0.181
	0.86

	Pesticide (Lit/Ha)
	1.92
	0.63

	Herbicides (Lit/Ha)
	1.56
	1.38

	Organic fertilizer Kg/Ha
	3.742***
	0.66

	Household size (Number)
	9.687**
	7.72

	Fertilizer heterogeneity (ws_lnfertha)
	−3.183
	3.79

	Constant
	−12.391
	31.48

	Observations
	335
	

	R 2
	0.114
	


Note: Value in asterisk implying the p-value is significant at either  * (10%), ** (5%), or  *** (1%) respectively.

4.2.4 Improved Seeds and Agricultural Extension Services Vs Food Security

Table 4.11 shows that there are significant differences in food insecurity status between treatment and control farmers; however, those differences do not account for selectivity bias due to observable and unobservable factors. According to the findings, treated farmers increase the likelihood of a household being food secure by 47.8 percent. The use of hybrid seeds and applying all the agriculture techniques also decreases the likelihood of reporting mild, moderate, or severe food insecurity by 32.1 percent, 18.5 percent, and 4.2 percent, respectively. These facts are also supported by A. R. Kaliba, et al., (2021) who reported positive effects on maize hybrid seeds and agriculture training on food security in central Tanzania. According to Kaliba (2021), the analogous values for no adopters (control), the weighted household dietary diversity score (HDDS) were 4.23% for food security, 4.32% for mild, 1.69% for moderate and 1.58% severe food insecurity, respectively. For the sample (average), the weighted average scores for the adapters (treated) HDDS were, respectively, 4.31% for food security, 4.37% for mild, 1.76% for mild and 1.61% for moderate. The study estimated weighted dietary diversity score are comparable to results from other studies such as Mbwana, et al. (2016), Kinabo, et al. (2016), Ochieng, et al. (2017), Ntwenya, et al. (2017), and Huang et al.(2018) that focus on estimating the sample HDDS and women dietary diversity score (WDDS) on hybrid seeds and agriculture techniques.  

Given the average maize yield gains of about 1 ton per hectare for treated farmers, these findings are unsurprising. These food security benefits from using hybrid seeds and application of agriculture technology adoption are consistent with those observed by Jaleta, et al., (2018), who report a positive effect of improved maize adoption on food consumption among maize-producing households in Ethiopia, as well as Manda, et al., (2018), who report a significant impact of improved maize hybrid seeds on the farms' households' food security in Eastern Zambia.
Table 4.12: Impact of Hybrid Seeds and Agricultural Training on Food Security
	Outcome Variables
	Average treatment effect of Treated Group
	Average Treatment effect of Control Group
	Average Treatment Effect

	
	Coef
	SE
	Coef
	SE
	Coef
	SE

	Food secure
	0.465
	0.01
	0.20
	0.01
	0.478
	0.005

	Mild food insecure
	−0.633
	0.007
	0.012
	0.01
	−0.312
	0.007

	Moderate food insecure
	−0.322
	0.006
	−0.020
	0.01
	−0.185
	0.005

	Severe food insecurity
	−0.676
	0.01
	0.578
	0.01
	−0.042
	0.008


Note: Value in asterisk implying the p-value is significant at either  * (10%), ** (5%), or  *** (1%) respectively.

The study sought to evaluate the impact of the food (in) security effects by using hybrid seeds and adapting agriculture technology on how it is affected by the independent variables such as farm size, houseld_status, credit_access and input_access which have been depicted in the study conceptual framework. The results indicate food security effects vary substantially across different land sizes and depending on the scale of food insecurity. The effect of improving food security is higher among households with large land size than their poor counterparts with small land size. 

The effects on reducing mild, moderate, and severe food insecurity are also higher among farmers with higher land size and low among poor households. The findings are quite intuitive in that, while treated farmers have smaller average land size than control farmers due to the cost of farming inputs, the absolute quantities produced are quite low due to smaller land holdings. Implying that the treated farmers only allocated an average of 0.32 ha of land to the usage of hybrid seeds and adaptation of agriculture techniques, which may not be enough to produce adequate maize to feed a household of about 5 persons for the full year

CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 Introduction

The previous chapter presented findings and analysis; the current chapter presents the summary of the study, provide conclusion in relation to the result obtained and develop recommendations and areas for future study

5.2 Summary of Findings

The study was to examine the impact of agricultural extension services and hybrid seeds on smallholder farmer’s income, yield’s and food security: The case of maize farmers in Mtwara region. The objectives served as a guide for gathering information from participants.

5.2.1. The Adoption of Agricultural Extension Services and Hybrid Seeds on Maize Smallholder Farmers in the Mtwara Region

The findings show that the use of agriculture extension services and hybrid seeds on maize smallholder farmers in the Mtwara region, specifically in the Masasi District Council, significantly increased yield productivity by 50% and maize incomes by 63% while addressing the issue of food insecurity and lowering the likelihood of reporting mild, moderate, or severe food insecurity. The findings also show that inorganic and organic fertilizers, hybrid seeds, and agricultural extension service adaptation all have a positive impact on maize yields and income. 

The findings are consistent with those of Gebre (2021), who investigated the impact of stress-tolerant maize varieties on maize yield, income, and food security in Tanzania, he discovered that, overall, the adoption of stress-tolerant maize varieties increased maize grain yield by about 1 ton/ha and maize income by about $62/ha. The use of STMVs also decreased the likelihood of reporting mild, moderate, and severe food insecurity by 34%, 17%, and 6%, respectively. The productivity, income, and food security effects vary significantly depending on the scale of adoption, with a greater impact at lower dose levels of adoption.

5.2.2 The Need for Extension Services

The yield difference between the two groups, treated and control, is 50 percent, which is primarily attributed to the adaptation of agriculture extension services provided by VAEO/WAEO such as training on inter-planting, weeding, top dressing, proper fertilizer application, and FAW monitoring and control and with the use of hybrid seeds, which has positive effects on maize yield, income, and food security. All of the farmers in the study area (all of them in Nangoo, Chikukwe, and Mbaju) agreed that having extension personnel in their villages is critical. The three villages surveyed, Chikukwe, Mbaju, and Nangoo, benefited from the services of extension-hired government workers. There were no extension personnel in Mtojo Lupaso, Mitonji, or Misechela. Farmers cited a variety of reasons for the need for an extension officer in their villages, including the need for agricultural education, knowledge on the proper use, post harvest management and storage, and adaptation of agricultural inputs such as seeds and fertilizers, treatment of FAW diseases, and farm management education.

The findings are relevant to other empirical research, such as Elifadhili (2013) study on the assessment of agricultural extension services in Tanzania. A case study of the districts of Kyela, Songea rural, and Morogoro rural. Due to the availability of government extension officers, some achievements have been realized, such as increased use of inorganic fertilizers in the villages of Nakahuga in Songea, Kiroka in Morogoro, and Kasala in Kyela. Following the advice of extension workers, a few farmers in these villages have improved their farming practices by using improved seeds, fertilizers, agro-chemicals, and mechanisation. In general, the study discovered that many challenges must be overcome before the new policy can be implemented and produce the desired results. The main challenge at the district level is the low budget allocated for extension services, as well as the late disbursement of funds regardless of the growing season.

5.2.3 Use of Improved Maize Varieties

In the survey control area, many farmers did not use improved maize varieties. Only 1.94% of farmers in Mitonji, Misechela, and Mtojo Lupaso used improved maize varieties, with the rest relying on traditional varieties that have low yield potential, susceptible to lodging, and mature late. The use of improved maize varieties resulted in treatment farmers yielding twice as much as control farmers, a positive difference of 50%. According to farmers, some of the reasons for control farmers not using improved varieties were a lack of awareness, scarcity, lack of availability of seeds, and lack of knowledge on the best seeds and information.

The findings are consistent with Monica Fisher's (2015) from her study on drought-tolerant maize for farmer adaptation to drought in Sub-Saharan Africa: determinants of adoption in Eastern and Southern Africa. The study measured DT maize adoption rates and their determinants using new plot-level data from surveys of 3,700 farm households in six countries (Ethiopia, Tanzania, Uganda, Malawi, Zambia, and Zimbabwe). The data show significant inter-country variation in farmer uptake of DT maize, ranging from 9% in Zimbabwe to 61% in Malawi. The main barriers to adoption are a lack of improved seed, insufficient information, a lack of resources, a high seed price, and the perceived attributes of different varieties. According to the findings, seed companies and agro-dealers should ensure an adequate supply of DT maize seed in local markets and sell seed in affordable micro-packs (1 or 2 kg).
5.2.4 Farmers Reached by Extension Officers in a Season

Despite higher yields, not all farmers in the treatment villages in Nangoo, Mbaju and Chikukwe were reached by extension personnel within a season. According to the findings, 80 percent of extension workers in Chikukwe, 60 percent in Nangoo and 75 percent in Mbaju. Extension workers should, ideally, reach out to all farmers in their respective villages. They were hampered by a lack of transportation and other necessary working equipment. This is also due to the District's low budget allocation for extension services. Rutatora and Matee (2001) also reported that many Tanzanian districts were unable to fund extension services on their own without external assistance. This is because the revenues collected are insufficient to cover many of the districts' development priorities. 

The findings are relevant to other empirical research like the study conducted by Elifadhili (2013), the study finds that extension officers were found to face challenges of poor working environments including a lack of reliable means of transport to reach the farmers, limited financial support to carrying out demonstrations and field experiments on new technologies, sub-optimal housing, lack of working facilities and low salaries. As a result, extension officers were not motivated to perform their duties well. 

5.2.5 Monitoring and Controlling of Fallarmy Worms (FAW)

Despite following all the improved agriculture planting techniques such as line planting, weeding, top dressing, application of organic and inorganic fertilizer, treatment farmers were also practicing the methods of controlling and monitoring the FAW. 73.08% of the treated farmers were not affected by the FAW and this is due to the training offered by their respective VAEO/WAEO’s. FAW control and monitoring has significant positive effects on maize yield as the yield gap between the two groups stands to be 50%. The VAEO/WAEO should be trained in FAW detection and management by trained in-country trainers, given the important and potential impact of the pest in maize yields. In countries where a large network of governmental frontline extension workers exists and still to be improved (like Tanzania), this approach may be effective; but in others this may not be possible.

The findings are consistent with those of Jamba (2021), who studied the impact of fall armyworm on small-scale maize farmers and control strategies in South Africa's Limpopo province. The study was carried out to determine the level of impact of fall armyworm on small-scale maize farmers following the outbreak of fall armyworm and their control strategies in the Limpopo province villages of ga-mashashane and mankweng. According to the findings, all participants correctly identified the fall armyworm and reported it as the most significant maize pest during the 2016-2017 cropping season. The affected farmers' maize yield loss in the 2016-2017 cropping season was slightly lower than in the 2015-2016 harvest. Pesticides were used as a control measure of the fall armyworms
5.3 Conclusion

This section summarizes the study's findings;

First research objective was to evaluate the impact of improved seeds and agricultural extension services on small-scale farmers’ yields in the Mtwara region. The study found that the usage of hybrid seeds and agriculture extension services almost doubles farmers' yield but has a negative influence on the farmer’s farm size and cost of production on which farmers tend to decrease the land size and increase the cost of production. The higher the usage of hybrid seeds and purchasing of other farming inputs like pesticides, planting tools, organic, in-organic, and chemical fertilizer increase the farmers' cost of production. Thus, government provision of agriculture input subsidies and availability of agriculture loans is crucial for agriculture sector development within the country.

Second research objective sought to examine the extent to which improved seeds and agricultural extension services contribute to food security among small scale farmers in Mtwara region. Availability of VAEO/WAEO’s in village level and the training offered by them to farmer’s increases farmers’ productivity which results in an increase in food security. Training are crucial to farmers since its only way of lowering the reported mild, moderate and severe food insecurity to farmers.

Third research objective sought to ascertain the extent to which improved seeds and agricultural extension services increase small-scale farmer's incomes in Mtwara region. According to the study, an increase in farmers' income is dependent on a variety of factors, including input costs, gross value, micro-economic status, government agriculture policies and market factors such as demand and supply of maize per season. All of these factors must be balanced in order for farmers' income to increase.

5.4 Recommendations

According to the findings of this research and the conclusion made, the researcher makes the following recommendations for impact of agricultural extension services and hybrid seeds on smallholder farmers income, yield’s and food security.

5.4.1 To Determine the Outcome of Improved Seeds and Agricultural Extension Services on Small-Scale Farmers’ Yields in Mtwara Region
i) The need of VAEO/WAEO in all villages/wards is crucial for country agriculture sector development. The increase in farmers' yield and income are contributed by the training offered by VAEO/WAEO at village level. Among many other factors this is the main contributor to the yield and income difference between the two tested groups. The extension officers, primarily at district or village level, will advise on specific areas such as irrigation techniques, crop protection and rotation, soil and water conservation, and agricultural mechanization which will eventually increase farmers' yield, income and food security.

ii) Technology adaptation: Despite the fact that extension experts claim to spend the majority of their time in the field, technology adoption is low. This can be attributed to a number of factors, including farmer education levels, negligence, poverty, poor monitoring by extension staff, and technology transfer methods used. The technology transfer approach is mostly participatory, but due to budget constraints, it is rarely used in practice.

5.4.2 To Examine the Extent to Which Improved Seeds and Agricultural Extension Services Contribute To Food Security among Small Scale Farmers In Mtwara Region
iii) Agriculture input information availability: This includes improved seeds, fertilizer, pesticides, farm management skills, and among many others. The majority of farmers do not have access to concrete information about agricultural inputs. Farmers will benefit from timely and accurate information and making sound decisions while increasing productivity if they have timely and accurate information about agriculture inputs which will eventually increase their productivity as well as food security.

4.5.3 To Ascertain the Extent to Which Improved Seeds and Agricultural Extension Services Improve Small-Scale Farmer's Incomes In Mtwara Region
iv) VAEO/WAEO modes of transportation: It was also discovered that extension officers who rode motorcycles were not reimbursed for fuel and maintenance costs. As a result, the motorcycles were not regularly serviced. Better transportation for Tanzanian district and village level extension officers would improve the quality of extension services provided to farmers while also expanding their reach and extension-research linkages.

v) More budget allocation on agriculture national budget: The small national budget allocated to agriculture has an impact on the sector's overall performance. Eventually, the districts receive insufficient funds to meet the needs of extension services such as transportation, fuel and maintenance, housing, and even supporting their work plans such as establishing farmers' field schools, demonstrations, and farmer training. Also the low budget allocation added to insufficient production for farmers which makes depends on other activities to increase their household incomes 

5.5 Area for Further Studies

Similarly, the study was also limited in terms of the number of factors that were examined. The study examined the impact of agricultural extension services and hybrid seeds on smallholder farmers’ income, yield’s and food security. The study only focuses on the 2 variables, training offered by VAEO/WAEO and hybrid seeds as the key factors that will increase smallholders' yield, income and food security.  There are other numerous factors that have the potential to increase smallholders' yield, income and food security including better land selection, soil fertility, crop rotation and among others. Future studies should examine other factors that have the potential of affecting smallholder farmers’ income, yield’s and food security.
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APPENDICES
Appendix 1: Survey Questionnaire

3.1 Control Pre-survey

Sample Census List: Our final randomized sample size will be determined after having this survey, in which 600 farmers' names will be collected (300 per ground), out of 300 farmers' names 150 farmers' names will be randomly selected per group to have the final sample size.

	Table 3.1: Control Pre-survey Generic Questions

	
	
	

	No
	Farmer Profile
	Crops Information Selected Crops

	1
	Full Name
	Maize Section Growth Stage

	2
	Gender
	Maize Section Farm Size

	3
	Age
	Did you plant using hybrid seeds

	4
	Primary Phone Number
	Did you receive agriculture training from your village extension services officer

	5
	Village Name
	

	6
	Job Status
	


3.2 Maize Yield Estimation a Quantitative Survey

Research question: How do improved (hybrid) seeds and agriculture extension services increase farmers' yield in the Mtwara region? Farmers will be physically visited 3 times before, during and after harvesting in order to collect this data. Average yield harvest per farmer/ group

	Table 3.2: Yield Estimation Generic Questions

	
	
	
	

	No
	Visit 1: Before Harvesting)
	Visit 2: After Harvesting
	Visit 3: Post Harvesting

	1
	Number of plants in first box
	Number of plants in the first box
	Number of corn in first bag

	2
	Number of plants in second box
	Number of corn in first box
	Weight in grains in first bag

	3
	Number of plants in third
	Corn weight in kg in the first box
	Number corn in second bag

	4
	Take a picture of the field with the 3 boxes
	Number of plants in the second box
	Weight in grains in second bag

	5
	
	Number of corn in second box
	Number of corn in third bag

	6
	
	Corn weight in kg in the second box
	Weight in grains in third bag

	7
	
	Number of plants in the third box
	

	8
	
	Number of corn in third box
	

	9
	
	Corn weight in kg in the third box
	


3.3 Food security Estimation a Qualitative survey

Research question: What’s the impact of improved seeds (Hybrid seeds) and agriculture extension services on farmers’ food security in the Mtwara region?

Table 3: Household Food Insecurity Access Scale (HFIAS) Generic Questions Each of the questions in the following table is asked with a recall period of four weeks (30 days). The respondent is first asked an occurrence question – that is, whether the condition in the question happened at all in the past four weeks (yes or no). If the respondent answers “yes” to an occurrence question, a frequency-of-occurrence question is asked to determine whether the condition happened rarely (once or twice), sometimes (three to ten times) or often (more than ten times) in the past four weeks. 

Example: 1. In the past four weeks, did you worry that your household would not have enough food? 

0 = No (skip to Q2) 

1 = Yes 

1.a. How often did this happen? 

1 = rarely (once or twice in the past four weeks) 

2 = Sometimes (three to ten times in the past four weeks) 

3 = Often (more than ten times in the past four weeks) 

	Table 3.4: Household Food Insecurity Access Scale (HFIAS) Generic Questions

	No
	Occurrence Questions

	1
	In the past four weeks, did you worry that your household would not have enough food?

	2
	In the past four weeks, were you or any household member not able to eat the kinds of foods you preferred because of a lack of resources?

	3
	In the past four weeks, did you or any household member have to eat a limited variety of foods due to a lack of resources?

	4
	In the past four weeks, did you or any household member have to eat some foods that you really did not want to eat because of a lack of resources to obtain other types of food?

	5
	In the past four weeks, did you or any household member have to eat a smaller meal than you felt you needed because there was not enough food?

	6
	In the past four weeks, did you or any household member have to eat fewer meals in a day because there was not enough food?

	7
	In the past four weeks, was there ever no food to eat of any kind in your household because of lack of resources to get food?

	8
	In the past four weeks, did you or any household member go to sleep at night hungry because there was not enough food?

	9
	In the past four weeks, did you or any household member go a whole day and night without eating anything because there was not enough food?
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