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ABSTRACT 

Attaining food security remains a global challenge as the supply of sufficient quantity and 

nutritious food is threatened partly due to climate change, high cost of production and rapid 

growing population. Recently, vegetables and poultry production have attracted attention both 

from the scientific and policy making communities for their contribution to food security as well 

as the opportunities they offer in improving the livelihood of smallholder farmers. Despite the 

efforts made, the profitability of vegetable-poultry (V-P) integration system is yet well-known, 

particularly in Tanzania. This study therefore, employed the Gross Margin (GM) analysis to 

evaluate the profitability of V-P integration and logit model to determine factors influencing 

adoption of V-P integration farming system using a cross-sectional data collected from 250 

households in Babati District, Tanzania. The findings show that vegetable-poultry integration is 

more profitable than vegetable farming alone and the profitability increases as the flock size 

increases. Moreover, for smallholder farmers to make significant profits from V-P production 

system, they should keep at least 18 chickens per household. The decision to integrate V-P 

production systems is influenced by gender, education level and marital status of the head of the 

household, household size, off-farm income, land owned, total income received by the household, 

and awareness of V-P integration benefits. The policy implication is that scaling up promotion of 

the vegetable poultry production practices and adoption of new farming technologies are essential 

for efficient utilization of available resources and increase the profitability of V-P integration 

system. This can be done through farmers’ capacity building, increased provision of trainings and 

extension services which contribute in transforming the rural farming from subsistence to profit-

oriented farming. 

Key words: Vegetable-poultry integration, profitability, Gross Margin, logit model. 
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1. INTRODUCTION 

Attaining food security remains a global challenge for both the developing and developed 

countries; however, the difference lies in the degree of severity and the share of the population 

affected (Chagomoka et al., 2016; Mwaniki, 2006). Despite the recent progress attained in areas 

such as nutrition and agricultural technology, close to 800 million people, generally from the 

developing countries, are still chronically undernourished and food insecure (FAO et al., 2014). 

The 2016 Global Hunger Index report shows that one in four children under five years of age is 

stunted while wasting affects eight percent of these children worldwide (Von Grebmer et al., 

2016). 

Sub-Saharan Africa (SSA), by virtue of relying on rain-fed farming, is more vulnerable to recurrent 

drought, storms and flood events (IPCC, 2014; Rose, 2015). Livestock and fishery are other 

important agricultural components which are also affected by climate change. This has a wide 

ramification that extend to famine, malnutrition and death in many developing nations. Tanzania 

has been affected by malnutrition as well as the rest of SSA. A quarter of world undernourished 

people amounting to 214 million live in SSA (FAO et al., 2014) which  means that, 23.8% of total 

SSA population is undernourished (FAO et al., 2014). Around 34.7% of children under five, and 

5.5% of women aged between 15 and 49 years are considered to be underweight in Tanzania 

(TNNS, 2014) while 58% and 45% suffer from iron deficiency anaemia respectively (TDHS-MIS, 

2016).  

In Tanzania, agriculture does not only contribute significantly to the National Gross Domestic 

Product (GDP) but it also serves as a mean to address famine as it is the primary source of 

livelihoods to the majority of poorer households. Tanzanian agricultural sector grew at 4.4% per 

year and this contributed to yearly GDP growth of 6.6% between 1998 and 2007 (Pauw & Thurlow, 

2011). The  World Bank report of 2015 shows that, agriculture alone contributes 31% of the total 

GDP (WB, 2015) and 66.9% of the total employment in Tanzania (WB, 2014). However, the sector 

is confronted with many constraints such as increased population, market fluctuation due to cost 

of production, supply and demand among others. Consequently, there is a need to transform this 

sector as the country strives to be food secure and attain the second Sustainable Development Goal 

of zero hunger. 
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1.1 Vegetable Production  

Many poor farmers around the world have been diversifying into horticultural crops and this has 

led to a faster production growth of vegetable and fruit crops worldwide (Lumpkin et al., 2005). 

The dramatic increase in quantity of vegetables and fruits traded worldwide has steered the trade 

of horticultural crops, approaching around 21% of total exports from developing countries 

(Weinberger & Lumpkin, 2005). Available evidence shows that, vegetable consumption 

contributes to households‘ nutritional intake by providing additional nutrients such as vitamins, 

proteins and minerals (Beattie et al., 2005; Kamga et al., 2013). Moreover a daily intake of 400g 

of vegetables combined with fruits could stop many chronic diseases, strokes and cancers (Beattie 

et al., 2005; FAO & WHO, 2005). Ochieng et al. (2017), found that, increased consumption of 

traditional African vegetables has a positive and significant effect of dietary diversity on children 

under five years and women aged between 15 and 35 years in northern part of Tanzania. 

Furthermore, Afari-Sefa et al. (2012) and Weinberger and Lumpkin (2007) argue that vegetables 

improve smallholder farmers’ livelihoods, contribute a lot to their food security and enrich their 

nutritional status. The recent consideration to vegetable production is not only from their 

nutritional importance but also their economic contribution. Vegetable farming is described  as a 

valued economic activity that provides income to farmers and offers employment opportunity 

mostly to women and young people in poor rural areas (Everaarts et al., 2015; Weinberger & 

Lumpkin, 2005, p. 20). 

Different international organizations such as World Health Organization (WHO), Food and 

Agriculture Organization of the United Nations (FAO), and Consultative Group on International 

Agricultural Research (CGIAR) have recognized the role that horticulture plays in poverty 

alleviation and decreasing the health disparity in Tanzania (Lumpkin et al., 2005). Vegetables in 

particular have received considerable attention and are generally produced by smallholder farmers 

who own about two hectares of land (Marble & Fritschel, 2014; Weinberger, 2004). For instance, 

out of 8.8 million ha of used land in Tanzania, around 115,000 ha were allocated to vegetable 

production and a total of 635,000 tonnes of vegetables were produced in the year 2007/2008 

(NSCA, 2008). 

Despite a high and an increasing demand for vegetables, most areas of Tanzania have been 

experiencing a low productivity, partly linked to factors such as diseases and pests, unavailability 
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or high price of quality seed, and lack of appropriate control measures  (Lazaro et al., 2017; 

Rajendran et al., 2017; Weinberger, 2004). This low productivity combined with high production 

cost from other input costs incurred by farmers such as labour, manure and chemical fertilizer 

costs, reduce the profitability of vegetable farming.  

The low profitability underscores the need of  practical innovative systems of production in order 

to increase yield and stimulate productivity of vegetables, serving as an indispensable means to 

improve smallholder farmer’s livelihoods  (Rajendran et al., 2015). It is argued that, the adoption 

of new technologies that increase farm production and income is essential to ensure food and 

nutrition security and sustained economic growth of smallholder farmers, who are arguably 

underutilizing resources (Hayami & Ruttan, 1971; Kuznets, 1966; Msuya, 2008; Schultz, 1964). 

Besides technology adoption, production growth can also be attained by using available resources 

efficiently (Nishimizu & Page, 1982; Rajendran et al., 2015).    

1.2 Poultry production 

In the past, the poultry farming was not regarded as a significant business that one should invest 

in, however, due to its fast monetary revenue, it has gained much attention in livestock sector 

(Amos, 2006; Tijjani et al, 2012). The poultry farming is now being transformed into business 

opportunity that generates numerous benefits such as production of eggs, manure, as well as broiler 

and hatchery to smallholder farmers (Amos, 2006). Besides, poultry products such as eggs and 

meat do not only generate income but also contribute highly to nutritional needs of human beings 

(Folorunsho & Onibi, 2005). In 2014, the total world population of chickens was estimated to be 

around 21.4 billion, 1 billion of ducks, 460 millions of turkeys, and 32 millions of pigeons and 

other birds (FAO, 2014b). Poultry production in rural areas is regarded as a cherished asset to local 

societies due to their share in poverty alleviation, provision of food, and their role in supporting 

gender equality (Guèye, 2000).  

For a long time, the marginalized and remote rural villages of Africa have been keeping poultry as 

a source of income and mainly involving women as they decide on most of household expenditures 

particularly food consumption (Aklilu et al., 2007; Guèye, 2000, 2005). Furthermore, Guèye 

(2000) and Sonaiya (1990) established that over 80% of rural population in Africa keep poultry. 
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They also established that indigenous chickens known as ‘local’ or ‘family’ account up to 80% of 

the total poultry flock in the continent.  

The 2007/2008 National Sample Census of Agriculture (NSCA) in Tanzania reports that out of the 

households keeping livestock, at least 66% raise chicken, while the total population of chickens 

and ducks was about 36 million and 1.3 million respectively in 2014 (FAO, 2014a; WB, 2013). 

Indigenous chickens dominate the poultry enterprise, representing over 90% and make up almost 

the entire poultry meat and eggs consumed in rural areas and close to a quarter in urban areas of 

Tanzania (Zootechnica, 2016).  

Furthermore, the demand for animal proteins is expected to increase in Tanzania due to population 

growth, expected to rise from the current 53,47 million to137 million by the year 2050 (Brentrup 

et al., 2016). This anticipated rise in demand for animal products will be met through improved 

poultry production and management interventions (Delgado et al., 2001; Ochieng et al., 2012). 

However, despite the central role that the poultry plays, its potential in Tanzania is not till now 

fully explored (Goromela et al., 2007; Marwa et al., 2016; Mutayoba et al., 2012). The Tanzania 

Livestock Research Institute (TALIRI) establishes that the poultry sector contributes about  3 

percent of the GDP derived from agriculture, equivalent to 1% of the total national GDP (TALIRI, 

2015). It is even argued that if the sector is managed effectively and efficiently, its contribution to 

the national economy could be higher (Marwa et al., 2016; Minga et al., 1996) . Hence, improving 

the productivity of poultry is vital for eliminating poverty, improving food security and enhancing 

the wellbeing of rural communities and in the process helping the country to meet its Sustainable 

Development Goals (SDGs) obligations. 

1.3 Problem statement 

For the past three decades, most of African countries have been implementing institutional, 

macroeconomic and sectorial reforms to stimulate economic growth, promote food security, and 

reduce poverty (Dessy et al., 2006; WB, 2007). These low income countries have been relying on 

agriculture for their development, cognizant of the role the sector plays in addressing both food 

security and poverty alleviation. However, a transformation of the agricultural production system 

from subsistence to a commercial and more productive system is essential if the sector is to 

continue to be the engine of economic growth. 
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The agricultural sector in Tanzania is greatly dominated by smallholder farmers who hold on 

average two hectares of land per household and produce close to 75% of the total agricultural 

production (Salami et al., 2010, p. 11). The majority of Tanzanian poor people are living in rural 

areas. Despite the agricultural progress that Tanzania has made in the recent years, the sector’s 

growth is yet to achieve food security or address poverty adequately particularly in the rural areas 

(WB, 2008). It is argued that the country has great agricultural potential to respond to the 

anticipated need, but this potential is underutilized (Bekunda, 2014; Ngunga & Lukuyu, 2016). 

Based on the above, it becomes important to fully optimize the agricultural sector in order to 

respond to the foreseen food demand and to cushion the livelihood of the millions rural poor 

farmers through various sustainable intensive agricultural initiatives or technologies.  

The Africa Research in Sustainable Intensification for the Next Generation (Africa RISING), is 

one of such initiatives implemented in Babati District, Manyara Region, in Northeast Tanzania. In 

2010, Babati District was reported along with other 27 Districts to have a high level of poverty 

and poor nutritional status in Tanzania (IFSNAR, 2010). This raised a number of programs in 

Babati that promoted production and consumption of nutritious food. Africa RISING, which is 

United States Agency for International Development (USAID) funded program seeks to provide 

options that contribute to rural poverty alleviation and improve the nutrition standards and the 

general wellbeing of rural farmers by increasing vegetable and rural poultry production in the 

District of Babati in Tanzania. One of the initiatives within the program is to promote integration 

of vegetable and poultry production systems. Vegetable-poultry integration system is viewed as 

an alternative to the conventional farming system, through which poultry is integrated into 

vegetables farming with the aim of increasing their productivity and household consumption. 

Within this integration, vegetables are fed to poultry while poultry manure is applied in vegetable 

farming. 

Notwithstanding the above, no specific study has been conducted to economically assess the 

profitability of integrated vegetable-poultry production system under the Africa RISING and 

similar kind of initiatives in the region. This is one of the gaps that this study seeks to fill. It is only 

when the economic analysis of such integrated production system is carried that its viability can 

be evaluated and recommendations on its adoption drawn and scaled out in other regions in SSA 

to address poverty, food and nutrition challenges, particularly, among people living in rural areas. 
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1.4 Research objectives 

The main objective of this study is to economically analyse the integrated vegetable-poultry 

production systems in the Babati District of Tanzania. The specific objectives of the study are: 

• To characterize integrators and non-integrators of vegetable-poultry production systems  

• To evaluate the economic benefits of the integrated vegetable-poultry production systems 

• To determine the factors that influence the decision to integrate vegetable-poultry 

production systems 

1.5 Structure of the thesis 

This thesis consists of seven chapters including the above introduction. The remaining chapters 

are as follows: Chapter two is the literature review which involves the previous studies on 

integrated farming systems, profitability of integrated vegetable-poultry production systems and 

the nutritional benefits of vegetable-poultry integration. The third chapter discusses the theoretical 

framework emphasizing on the theory behind the integration decision and the model specification. 

Chapter four represents the methodology employed to tackle the objectives of the study which 

includes the gross margin calculations and econometric approaches used. Chapter five is describes 

the data and the description of variables used while displaying descriptive summary statistics of 

some important variables and chapter six presents the results and the discussions. Finally, chapter 

seven presents the conclusion and draws policy recommendations based on the findings of the 

study.  
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2. LITERATURE REVIEW 

In this chapter, different integrated farming systems (IFSs), their benefits and sustainability are 

discussed in detail. The chapter also expounds on profitability and nutritional benefits of the 

integrated vegetable-poultry production system. Various existing literatures and empirical 

evidences on profitability of integrated farming systems are outlined in this chapter.  

2.1 Integrated farming systems (IFSs) 

The integrated farming System (IFS) is defined a judicious arrangements of two or more farming 

systems that are interconnected in production process and promotes an active recycling of residue 

for proper management of existing resources (Baishya et al., 2014; Bhuiya et al., 2016; Nath et al., 

2016). IFS has been deliberated among the best effective ways of enhancing land productivity, 

alleviating smallholder farmers’ poverty through maximum utilization of resources (Bhuiya et al., 

2016; Byerlee et al., 1982). The main idea of IFS is that resource combination and diversification 

can improve the productivity on resource-poor farms (Devendra & Thomas, 2002; Halwart et al., 

2006; Prein, 2002; Smyth & Dumanski, 1993). Different IFS studies have been done in several 

developing countries and their results confirm that, synergies among farm production systems rise 

the overall farm productivity (Alsagoff et al., 1990; Berg, 2002; Dalsgaard & Oficial, 1997; Frei 

& Becker, 2005; Pant et al., 2005), hence its appeal mostly in developing countries. 

IFS is a method that focuses on a preferred interlinked, inter-reliant and interconnected systems of 

crops and animals or any other related farming systems that lead to a systematic and efficient use 

of resources (Gill et al., 2009; Nath et al., 2016). Moreover, an IFS will safeguard the existing 

natural resources to achieve a sustainable profitability and reinforce the nutritional security if there 

is a complementarity of its components (Nath et al., 2016). Therefore, An IFS can be conveniently 

hypothesized as a third farming system that is the most beneficial both economically and 

environmentally because it is in the middle of high and lower harvests from conventional and 

organic farming respectively (El Titi, 1992, p. 34; Morris & Winter, 1999).  

The integrated farming system (IFS) has been proposed by different scholars as one of the 

promising ways to cushion households against climate and market fluctuation shocks, arguing that 

it reduces the cost of production, creates jobs and generates more income; altogether improving 

the overall food security and the nutritional status of the agricultural-dependent households (Alam 
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et al., 2009; Dashora & Singh, 2014; Guèye, 2000, 2005). For instance, empirical evidences of 

various integrated farming systems involving fishery, poultry, livestock and crop in Bangladesh 

(Akteruzzaman, 2006; Akteruzzaman et al., 2012; Alam et al., 2009) and fishery, poultry and 

vegetable farming in India (Dashora & Singh, 2014) have demonstrated that the integrated system 

has resulted into economic gains for households. The Bangladesh case-study has further 

established that the profits for households that have adopted the integrated farming system was the 

highest compared to households practicing conventional farming systems. This reaffirms  Alam et 

al. (2009)’s economic viability standpoint that contends that the approach rises the revenue for 

households adopting the technology and generates more animal protein for the rural community at 

large.  

Further empirical evidences on rice production in different rainfed districts in India confirm that, 

IFS has a higher net return than conventional farming (Nath et al., 2016). For instance, the IFSs of 

rice-early, tomato-early, cauliflower-paddy, straw-mushroom-poultry and vermi-compost pit gave 

a net return of about seven-fold of traditional farming per hectare in Odisha district (Paradkar et 

al., 2010). Taking the case of Chhattisgarh district as an example, the IFS of rice-two-bullocks-

one cow-one buffalo-ten goats-ten poultry-ten ducks produced a net return of around four-fold of 

traditional farming per 1.5 acre and increased labour from 165 to 365 man days per year (Ramrao 

et al., 2006). In this integration, animals consumed the fodder and straw and in turn provided 

manure and this improved the soil fertility and the productivity of animals. In both cases, IFS was 

economically profitable, increased employment and provided food and nutrition security to 

households.  

Diversified production systems such as crop–livestock integration seem to be an exciting pathway 

towards agricultural development in developing countries which are generally constrained by 

volatility of market prices for both inputs and outputs and exposed to climate change related 

extreme weather events (Lemaire et al., 2014). It is clearly evident that agricultural systems that 

adopt such integration enjoy numerous benefits partly due to the fact that crop residues are the 

main source of livestock feed while animals provide the cultivation power and manure as fertilizers 

which lead to a significant reduction in costs of production while ecological system is preserved 

(Herrero et al., 2013; Herrero et al., 2010; Nath et al., 2016). The crop-livestock synergy does not 

only contribute to food security and household income but also plays a vital role in reducing 
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unemployment and in poverty alleviation (Baishya et al., 2014; Gupta et al., 2012; Nath et al., 

2016; Robinson et al., 2011). Despite the benefits emanating from integration of different farming 

systems and their sustainability, little contributions have been made to advance this practice in a 

holistic manner. 

2.2  Sustainability of integrated farming systems 

Globally, food production has increased significantly in the last 50 years, partly as a result of 

agricultural intensification led by mechanization, high application of chemicals and synthetic 

fertilizers together with an expansion of land area for production of crops and livestock (Alves et 

al., 2017; Bowler, 1992). Albeit, around 805 million people all over the world are still 

undernourished and food insecure (FAO et al., 2014; Godfray et al., 2010; WB, 2007). This poses 

even a deeper intersecting challenges considering that the world population is projected to reach 

9.1 billion by 2050, which in essence, will require a considerable increase in the food production 

(Abel et al., 2016; Godfray et al., 2010). Consequently, the future demand for food, meat, fish and 

dairy will increase the existing pressures on land and water leaving serious negative effects on 

natural resource and the environment at large, unless the current production systems are modified 

to improve the yield potentials (Alves et al., 2017; Assessment, 2005; Godfray et al., 2010). 

Therefore, a sustainable intensification is indispensable to meet the future food demands while 

decreasing the environmental negative effects (Baulcombe et al., 2009; Godfray et al., 2010; 

Thornton & Herrero, 2015).  

The IFS is considered as a panacea to achieve sustainable intensification (Godfray et al., 2010; 

Nath et al., 2016). It is distinctive from traditional farming, in the sense that sustainable production 

and safeguard of biodiversity are at the core of its goals (Morris & Winter, 1999). Sustainable 

farming on its own entails using available resources within the limitations of the earth’s ability to 

replace them, inferring that any nonrenewable input-dependent farming system is unsustainable 

(Brundtland, 1987; Godfray et al., 2010). IFS promotes the use of organic fertilizers and this can 

produce a range of ecological benefits such as biological pest regulations, preservation of natural 

capita and improvement of soil quality  (Holland et al., 1994; Martin et al., 2016; Moraine et al., 

2017). We explore further the benefits of the IFS within the context of the vegetable-poultry 

integration. 
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2.3 Vegetable-poultry integration 

The world remains at risk of food insecurity as the available resources for food production continue 

to be scarce, raising the challenges of food insecurity and malnutrition due to unhealthy diets and 

insufficient food (Galhena et al., 2013). Several strategies are required to adequately address these 

issues. Improved community health awareness and promotion of different nutritious diets from 

both the vegetables and animal product sources to complement the staple food is one of the 

strategies that can significantly contribute to food security. For example, more benefits are derived 

when vegetable farming is associated with poultry in an integrated farming approach, a position  

strongly supported by Akteruzzaman et al. (2012), arguing that there are more returns for 

investment when poultry is integrated with vegetable farming. The integration provides an 

opportunity to enhance both systems whereby vegetable provides feeds to poultry while poultry 

supplies the needed mineral to vegetables1 (Adekiya & Agbede, 2016; Hochmuth et al., 2009; 

Malone et al., 1992; Swidiq et al., 2011). The manure derived from poultry is an important organic 

fertilizer for vegetable and relatively cheaper compared to chemical fertilizers. Hochmuth et al. 

(2009) assert that the waste from poultry speeds up the mineralization process, improves the soil 

structure and moisture holding capacity, therefore improving soil fertility and subsequently 

increasing farm profitability. 

Figure 1 below demonstrates the elements of vegetable-poultry integration and their interactions 

within this farming system. 

                                                           
1 The mineral from poultry manure are mainly nitrogen (N= 2.94%), Phosphoric Acid (P2O5=3.22%)  and Potassium 
Oxide (K2O=2.03%) which represent a significant percentage of common commercial fertilizers (Malone, Sims, & 
Gedamu, 1992) 
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Figure 1. Schematic representation of the elements of vegetable-poultry integration system 

Source : Own illustration adapted from (Thorne, 1998, p. 2). 

From Figure 1, there are three key interfaces in vegetable-poultry integration system that make the 

integration successful. These include vegetable-poultry, poultry-land and land-vegetables 

interactions. The vegetables produced are consumed at the household level and the surpluses are 

taken to market which generate income to the household. The other part of vegetables as fodder or 

residues constitute partly to organic resources that are feed to poultry together with non-vegetable 

feed supplements. The feed from vegetables are rich in nutrients such as vitamins that contribute 

to the productivity of poultry. The organic resources that are not used as feed are decomposed and 

used in land as compost or farmyard manure. In turn, poultry generates a range of products such 

as meat and eggs that are either consumed or sold in the market for cash. Furthermore, poultry 

produces the manure that improve the soil quality for vegetable growth and this increases the 

vegetable yield. As an end result, the farmer is able to recycle the resources within this integration 

and attain the household food security and income generation. 
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2.3.1 Profitability of vegetable-poultry production system 

Vegetable production provides an opportunity to enhance productivity and increase smallholders’ 

income (Ali, 2000; Chand, 1996; Joshi et al., 2003). Weinberger and Lumpkin (2007) argue that 

vegetables are more profitable than cereals crops while  Joshi et al., (2006) in India contend that 

the net profit of radish and eggplant ranged between Rs 5591/ha and Rs 12094/ha respectively 

while that of maize and paddy ranged from Rs 2519/ha to Rs 10384/ha. Furthermore, the set of 

vegetables in Bangladesh, Cambodia, Laos, Niger, North Vietnam, Philippines, and South 

Vietnam gave a net return on area and labor inputs that is higher than that of rice with the exception 

of the output value per Labor Day in the Philippines2 (See Table 1 below).  

Table 1. Vegetable farming: Profitability indicators as a ratio to rice 

Output value Output 

value per ha 

Output value 

per labor day 

Sources 

Bangladesh 13.8 2.1                                    (Ali & Hau, 2001) 

Cambodia                     9.4 1.9 (Ali, 2002) 

Laos 8.7 3.7 (Siphandouang et al., 2002) 

Niger 3.3 1.6 (Chohin-Kuper et al., 1999) 

North Vietnam 14.2 2.3 (Ali, 2002) 

Philippines  1.3 0.7 (Weinberger & Lumpkin, 2007) 

South Vietnam 9.6 1.9 (Ali, 2002) 

Source: Adapted from Weinberger and Lumpkin (2007) 

On the other hand, poultry production is regarded as an investment opportunity that offers a quick 

and high profits to rural poor farmers (Epprechtet al., 2007; Sonaiya, 2007). Smallholder farmers 

can generate more revenue from the sales of poultry products that are not consumed by the 

household members. For instance, Oladeebo and Ambe-Lamidi (2007) estimated the profitability 

of poultry farming among youth farmers in Nigeria using net income, gross margin, and gross 

return per naira invested. Their findings revealed that, based on all the three indicators, poultry 

production is profitable and worthy to venture in. 

                                                           
2 The ratio of vegetables to cereals was used to measure the profitability. The ratio greater than 1 implies that 
vegetables were more profitable than cereals, else the opposite.  
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The vegetables and poultry farming systems have the potential of generating more revenue, 

however, they are facing a number of challenges such as low yields and high cost of productions. 

If these two farming systems were to be produced in an efficient way, their productivity would be 

more than the actual. From the cost of production standpoint, labor and fertilizer costs are the main 

costs incurred during vegetable production while feeds alone occupy over 60% of total variable 

costs in the process of poultry farming (Dutta et al., 2013; Huong et al., 2013; Ike & Ugwumba, 

2011; Masuku & Xaba, 2013; Tijjani et al., 2012). Vegetables provides vitamins to poultry that 

increases their productivity and poultry manure is an organic fertilizer to vegetables that increases 

vegetable yield (Adekiya & Agbede, 2016; NRC, 1984, p. 6). Therefore, the integration of 

vegetable-poultry production systems results into reduction of poultry feed cost and reduces the 

costs of fertilizers.  

2.3.2 Nutritional benefits of vegetable-poultry production systems 

Apart from monetary benefits derived from reduced production costs and increased yield, the 

integrated vegetable-poultry production systems offer other benefits such as food and nutrition 

security through consumption of vegetables, meat and eggs at household level (Dessie et al., 2003; 

Mengesha et al., 2008; Ochieng et al., 2017; Ochieng et al., 2012). The consumption of Vegetables 

contributes to nutritional intake in many rural households through provision of vitamins, proteins 

and minerals and subsequently increasing the people’s immunity against many chronic and acute 

diseases (Beattie et al., 2005; FAO & WHO, 2005; Kamga et al., 2013; Ochieng et al., 2017).  

Similarly, chicken products are cost-effective source of protein to humans and their higher nutrient 

concentration enables them to play a vital role of complimenting staple food (Kitalyi, 1998; 

Memon et al., 2009). For instance, eggs and chicken meat are considered as important food for 

improving the nutritional needs of malnourished children under 5 years in many parts of the 

developing world mainly in Africa’s rural communities (Rosegrant & Cline, 2003). Similarly, 

Pica-Ciamarra and Dhawan (2009) argue that, improved health can be attained if poultry products 

are easily available and consumed in rural households. However, Bett et al. (2013) contend that 

poultry products are inexpensive source of animal proteins for households, a position that may not 

be true in many rural households in Africa due to high level of poverty and low level of nutritional 

awareness, therefore, vegetable-poultry integration can be the best possible way of accessing these 

nutritious products to rural farmers.  
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3. THEORETICAL FRAMEWORK 

This section discusses the theoretical model used in this study. The study used the non-separable 

agricultural household model which is supported by the random utility maximization theory. 

Different studies applied this model in the presence of imperfect markets to shape the household 

decision making process. The second part of this chapter discusses the model specification. 

3.1 Integration decision  

Smallholder farmers in Tanzania as well as in other developing countries are concurrently involved 

in production activity and consumption decisions. Asymmetric information, high unemployment 

rate, high transaction costs and poverty in most of developing countries result into market failures 

that leave smallholder farmers in rural areas faced with imperfect input, output and credit markets 

(Asfaw et al., 2012). In these conditions, the non-separable household model becomes of high 

relevance where the decisions regarding consumption and production cannot be made separately 

(Sadoulet & De Janvry, 1995). The non-separable household model offers an appropriate 

framework for evaluating household behavior facing the imperfect markets (Asfaw et al., 2012; 

De Janvry et al., 1991; Singh et al., 1986). The household production models founded on utility 

maximization that is subject to a set of budget and production constraints, have been the basic 

instruments to analyze the farm households and therefore serving as an integration decision tool 

(Chiappori, 1997). 

Households are endowed with human, fiscal, social, and natural resources that are influenced by 

external factors which create constraints to their productivity. A change in technology applied and 

their distribution impact the preferences, predictions and views of farmers toward several varieties 

and inputs used in production. As a result, the decisions on resource allocation to numerous inputs, 

investment, and crop choice will be formed. Therefore, this would affect their consumption, 

production, sales of quantity produced from different crops and consequently their income. This 

implies that, vegetable-poultry integration may not only affect vegetables and poultry sectors but 

it may encourage modifications in farming patterns and ways to allocate resources to diverse usage. 

Hence, choices and decisions made by households establish their behavioral results which also 

will influence their consumption as well as their well-being. 
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The utility of a household is assumed to be maximized depending on the consumption (𝑐𝑖), 

production (𝑞𝑖), sales (𝑠𝑖), purchases (𝑑𝑖), and amount of input used (𝑥𝑙) in the process of 

producing each product i (where i = 1, 2, . . . N) using different inputs l (where l = 1, 2, . . . M). 

The household produces agricultural commodities (𝑞𝑖) using different inputs (𝑥𝑙) such as land, 

labor, capital, etc. However, the optimization occurs in the presence of various constraints. 

Therefore, the household maximizes utility (3.1) subject to income (3.2), the product balance (3.3), 

production technology (3.4) and non-negativity (3.5) constraints. 

Max
𝑞𝑖,𝑐𝑖,𝑠𝑖,𝑑𝑖,𝑥𝑙  

𝑈(𝑐, 𝑧𝑢)                                                                                                      (3.1)              

Subject to  

∑ 𝑝𝑖
𝑚(𝑠𝑖 − 𝑑𝑖)

𝑁
𝑖=1 − ∑ 𝑝𝑙

𝑀
𝑙=1 𝑥𝑙 + 𝐼 ≥ 0                                                                       (3.2) 

 𝑞𝑖 − 𝑐𝑖 − 𝑠𝑖  − 𝑥𝑙 + 𝑑𝑖 + 𝐸𝑖 ≥ 0,   for  𝑖 = 1, … . 𝑁                                                   (3.3)                                

𝐻(𝑞, 𝑥; 𝑧𝑞) ≥ 0                                                                                                            (3.4) 

 𝑞𝑖,  𝑐𝑖, 𝑠𝑖 , 𝑑𝑖 , 𝑥𝑙 ≥ 0                                                                                                  (3.5) 

Where 𝑝𝑖
𝑚 represents the market price, 𝐼 is the income from non-farming activities, 𝐸𝑖 is the 

endowment of good i, H indicates the household’s production technology and 𝑧𝑢 denotes the 

vectors of demographic household while 𝑧𝑞 is production characteristics. The income constraint 

(3.2) implies that the household’s expenses on purchases should not exceed the revenues from crop 

sales plus other income from non-farming activities that is received by the household. The product 

balance (3.3) states that the quantity produced, purchased and endowed should be more than or 

equal to the quantity consumed, used as input and sold in the market for each product i. The 

production technology constraint (3.4) relates to a well-behaved conversion function that 

transform all inputs to outputs. The last non-negativity constraint (3.5) implies that quantity 

produced, sold, consumed, purchased and inputs used for commodity i, cannot be negative. These 

quantities are either positive or zero. 

It is important to note that the utility maximization discussed above holds only when there are no 

transaction costs incurred by households. However, transaction costs play a vital role in shaping 

the farmers’ stand point towards the production and market (Alene et al., 2008; Bellemare & 

Barrett, 2006; Key et al., 2000; Larochelle & Alwang, 2015). Households may be sellers or buyers 
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of either inputs or for consumption. Therefore, the transaction costs may increase the price gap 

between buyers and sellers and consequently, this influences the farmer’s production and market 

decisions (De Janvry et al., 1991; Key et al., 2000). Therefore, household’s behaviors of either 

producing a particular crop or not can partly be explained based on the differences in transaction 

costs and accessibility of facilities that lessen them.  

To incorporate the transaction costs in the liquidity constraint, assume a household that is facing 

transaction costs Г𝑖
𝑐 (𝑧𝑢, 𝐴, 𝐺, 𝐼) on quantity purchased and sold of commodity i. These costs 

comprise either one or both the variable (Г𝑖
𝑣 ) and fixed costs (Г𝑖

𝑓
)and may be depending on farm 

characteristics (𝑧𝑢), farm assets and resources (A), institutional and access related (G) as well as 

income from non-farming activities (I). The income constraint (3.2) containing transaction costs 

is therefore amended down as: 

∑ [𝑠𝑖 (𝑝𝑖
𝑚 −  Г𝑖

𝑣 𝛿𝑖
𝑠) −  Г𝑖

𝑓
𝛿𝑖

𝑠 +  𝑑𝑖(𝑝𝑖
𝑚 +  Г𝑖

𝑣 𝛿𝑖
𝑑) −  Г𝑖

𝑓
𝛿𝑖

𝑑]𝑖 − ∑ 𝑝𝑙
𝑀
𝑙 𝑥𝑙 + 𝐼 ≥ 0                   (3.6)                                                        

Where 𝛿𝑖
𝑠 takes a value of 1 for a selling and 0 for an autarkic household while 𝛿𝑖

𝑑 equals 1 for a 

purchasing household and 0 otherwise. This constraint implies that there is a difference in market 

prices between buyers and sellers, which constitutes the transaction, whereby the seller gets a 

lower price while the buyer pays higher than the market value for the same commodity. 

In this study, we laid emphasis on the production decisions that is the decision to integrate poultry 

into vegetable farming. 

The farmer’s decision to integrate poultry into vegetable farming system is regarded as a binary 

choice because of the dichotomous nature of the dependent variable, which is to integrate or not 

to integrate. Observing integration through the lens of optimization by lucid agents, households 

integrate if integration is perceived to be profitable and is a choice that is actually affordable for 

them to make as it is for adoption studies (De Janvry et al., 2010). Following the same context of 

adoption decisions as discussed by Ali and Abdulai (2010) and De Janvry et al. (2010), the 

integration decision can be modeled in a random utility model (RUM). In this RUM, the utility 

from each alternative is supposed to be a linear function of individual characteristics that are 

observable plus an additive error term (Verbeek & Leuven, 2000). RUM assumes that decision 

makers make their decisions by choosing alternative opportunities that maximize their expected 
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utility. Furthermore, decision makers are presumed to recognize the opportunities that meet their 

utility. In the context of vegetable farming enterprise and integrated vegetable-poultry system, the 

farming system that maximizes a farm household’s utility given the embedded constraints will be 

chosen. Given resource endowment and entitlement, the observed preferences are also assumed to 

be based on farmers’ implicit cost and benefit prospect of the alternative farming system. 

Consequently, farmers are likely to disclose their preference based on their objectives.  

Households normally assess the expected utility from new farming practices such as vegetable-

poultry integration that can be represented as 𝑈𝑖
∗(𝜋) where 𝜋 is the net farm income. A utility 

maximizing farmer i chooses to integrate vegetable-poultry only if the random utility of integrating 

is greater than that of not integrating; that is, 𝑈𝐼
∗(𝜋) >  𝑈𝑁

∗ (𝜋) or 𝑈𝐼
∗(𝜋) − 𝑈𝑁

∗ (𝜋)> 0. Since the 

utilities are not observable, they can be defined by a latent variable 𝑈𝑖
∗ that can be related to a 

group of socio-economic, institutional and access related variables (xi). Therefore, by following 

the adoption studies by Asfaw et al. (2012), Feleke and Zegeye (2006), and Kohansal and 

Firoozzare (2013), the integration can be modelled in a random utility framework as: 

𝑈𝑖
∗= 𝛽𝑋𝑖 + ui        i = 1, 2, . . . , N                                                                     (3.7) 

Where Xi is a vector of explanatory variables, 𝛽 is a vector of parameters to be estimated and ui is 

a random error term. When the choice of the farmer is known, the observable pattern of vegetable-

poultry integration can be presented by a dummy variable (yi) whereby the observed values of yi 

are related to y* as:  

𝑦𝑖 =  {
1
0

     
𝑖𝑓  𝑈𝐼

∗(𝜋)  > 𝑈𝑁
∗ (𝜋)

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                                                                          (3.8) 

3.2 Model specification 

The model specification under consideration in this study is grounded on the theoretical framework 

discussed above. The dependent variable of this study was the household decision to integrate 

poultry into vegetable farming and was tackled using a set of independent variables which were 

selected based on the theory and various theoretical and empirical literatures (Akter et al., 2012; 

Asfaw et al., 2012; Feleke & Zegeye, 2006; Ghimire et al., 2015; Mariano et al., 2012; Namwata 

et al., 2010). Therefore, the vegetable-poultry integration variable was framed as a function of 
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household characteristics, farm assets and resource ownership, institutional and access related, 

farm characteristics and information variables as well as agro-climatic zone. 

Household characteristics in this study include gender, marital status, age, level of education of 

the head of the household, as well as the size of the household. Most of these variables were 

expected to have a positive relationship with vegetable-poultry integration.  The agricultural sector 

in developing countries rely mostly on household labor. It is therefore expected that the married 

head of the household with a bigger household size has a more available labor source. Furthermore, 

the larger the size of the household, the more the demand of food quantity for consumption is 

anticipated, hence, households would allocate their resources to a more income and food 

generating farming practice to meet their demand. Likewise, a more educated head of household 

has better skills and access to information and therefore, he/she is in a better position to evaluate 

the relevance of vegetable-poultry integration. The exact relationship of age of household head on 

integration decision is unclear, in that younger farmers are generally innovative and risk takers but 

they may lack the farming experience. Similarly, the effect of gender of household head is 

ambiguous. This ambiguity emanates from the fact that male headed households are more expected 

to integrate than female headed households due to their superior farming capacity and access to 

land, while on the other side, women in developing countries are considered to be more involved 

in vegetables and poultry sectors than men and this can make female headed households to 

positively influence the vegetable-poultry integration. Therefore, the ultimate effect of gender and 

age is an empirical question (Asfaw et al., 2012). 

In conditions of input output market failures, households’ production is affected by its level of 

wealth or poverty. Due to lack of modern capital in rural Tanzania, farm assets and resource 

ownership variables used in this study include land size owned, off-farm income and total income 

received by household to capture the effect of resource endowment. Land area is decreasing in 

Tanzania due to population growth and the density is projected to increase further by the year 2050 

(Brentrup et al., 2016). It is expected that the size of the land owned by the household will 

positively influence the integration whereby households with lager land holding may allocate a 

portion of their land to vegetables and poultry. Off-farm income was expected to influence 

vegetable-poultry integration in a positive way by providing the needed vegetable-poultry initial 

investment. It was also expected that total income will positively influence the integration as 
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wealthier farmers are in a position to easily encounter the starting capital compared to poor 

farmers. 

All institutional and access related variables were expected to have a positive relationship with 

vegetable-poultry integration. In this category, variables like access to extension services and 

credit along with attending vegetable-poultry integration trainings were considered in this study. 

The farmers who have access to extension services as well as those who attended vegetable-poultry 

integration trainings were more likely to integrate. This is the same case for farmers who have 

access to credit as lack of starting capital is regarded as a serious challenge in adoption of new 

technologies. Access to credit is expected to positively influence borrowing and investments in 

integration.  

Farm characteristics and information variables were expected to influence vegetable-poultry 

integration positively. For instance, access to information is likely to reduce uncertainty about the 

new farming practices. Thus, households who have knowledge and are aware of benefits from 

vegetable-poultry integration are expected to integrate. Similarly, vegetable farm size is expected 

to positively influence integration. This is because, the bigger the size of land allocated to 

vegetables, the more the manure is needed which can stimulate the farmer to integrate poultry for 

manure production. 

 Therefore, the underlying model for household decision to integrate poultry into vegetable 

farming can be specified as follows; 

𝑉 − 𝑃𝑖𝑛𝑡𝑖 = 𝑓(𝑔𝑒𝑛𝑑𝑖, 𝑚𝑠𝑡𝑎𝑡𝑖 , ℎℎ𝑠𝑖𝑧𝑖 , 𝑒𝑑𝑙𝑒𝑣𝑖, 𝑎𝑔𝑒𝑖 , 𝑙𝑎𝑛𝑠𝑖𝑧𝑖, 𝑜𝑓𝑓𝑖𝑛𝑐𝑖, 𝑡𝑜𝑡𝑖𝑛𝑐𝑖 , 𝑐𝑟𝑒𝑑𝑖, 𝑡𝑟𝑎𝑖𝑛𝑎𝑡𝑡𝑖, 

𝑒𝑥𝑡𝑖, 𝑏𝑒𝑛𝑎𝑤𝑎𝑟𝑖, 𝑣𝑒𝑔𝑎𝑟𝑒𝑎𝑖, 𝑎𝑐𝑧𝑖, 𝑢𝑖)                                              (3.9) 

Where; 

𝑉 − 𝑃𝑖𝑛𝑡𝑖: is the household ith decision to integrate vegetables and poultry which takes the value 

1 if the household integrates and 0 otherwise. 

𝑔𝑒𝑛𝑑𝑖 : is gender of household head 

𝑚𝑠𝑡𝑎𝑡𝑖: is the marital status of the household head  

ℎℎ𝑠𝑖𝑧𝑖: is the total number of household members  
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𝑒𝑑𝑙𝑒𝑣𝑖: is the education level of household head in terms of years  

𝑎𝑔𝑒𝑖: is the age of household head in years  

𝑙𝑎𝑛𝑠𝑖𝑧𝑖: is the area of land owned by the household in terms of hectares  

𝑜𝑓𝑓𝑖𝑛𝑐𝑖: is dummy for presence of off-farm income which takes the value 1 if the household has 

an off-farm income and 0 otherwise 

𝑡𝑜𝑡𝑖𝑛𝑐𝑖: is the household total income in terms of Tsh 

𝑐𝑟𝑒𝑑𝑖: is a dummy for access to credit for agricultural activities and takes the value 1 if the 

household has access to credit and 0 otherwise  

𝑡𝑟𝑎𝑖𝑛𝑎𝑡𝑡𝑖: is a dummy for training attendance which takes the value 1 if the household attended a 

V-P integration training and 0 otherwise 

𝑒𝑥𝑡𝑖: is dummy for accessing extension services and takes the value 1 if the household received 

extension services  

 𝑏𝑒𝑛𝑎𝑤𝑎𝑟𝑖: is a dummy for benefit awareness which takes the value 1 if the farmer was aware of 

vegetable-poultry integration profits and 0 otherwise 

𝑣𝑒𝑔𝑎𝑟𝑒𝑎𝑖: is vegetable farm size which is the land allocated to vegetables in terms of hectares  

𝑎𝑐𝑧𝑖: regional dummy (village) 

𝑢𝑖: is random error term associated with vegetable-poultry integration.
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4. METHODOLOGY 

In this chapter, the methodology used to tackle the objectives of this study are discussed. The gross 

margin (GM) analysis that was used to calculate the profitability and econometric approach used 

to examine factors influencing the decision to integrate vegetables-poultry production systems are 

explained. 

4.1 Gross Margin (GM) calculations 

The study sought to economically compare the benefits obtained from the integrated vegetable-

poultry production system with the vegetable production system alone with the view to assess the 

economic profitability. To evaluate the economic benefits of integrated vegetable-poultry 

production systems, the Gross Margin (GM) analysis was used. The GM is preferred because it 

allows for easy enterprise selection, establishment of net farm income and it is useful in subsistence 

enterprises with small fixed income (Odoemenem & Otanwa, 2011). 

The GM method has been used in previous studies from various disciplines including vegetables 

and poultry, to determine the profitability of a proposed technology (Akter et al., 2012; Ayieko et 

al., 2014; Etuah et al., 2013; Lazaro et al., 2017). It is represented by the formula: 

GM = TR – TVC             (4.1)                                            

NI = TR – TC                 (4.2) 

TR = PQ                          (4.3) 

TC = TVC + TFC            (4.4) 

 

Where: 

- Gross Margin (GM) is the difference between total revenue and total variable cost  

- Net Income (NI) is deduction of total cost from total revenue 

- TR is the product of output price and quantity of output produced 

- Total cost (TC) is the sum of total variable cost (TVC) and total fixed cost (TFC) 

In computing the cost of vegetable-poultry inputs, this study considered the prevailing market price 

for purchased inputs and the same price was considered for household self-supplied inputs. The 

cost of land allocated to vegetables was estimated and constituted the fixed cost of vegetable 
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production for both integrators and non-integrators. On the other hand, the fixed cost of poultry 

production for integrators comprised of the poultry housing depreciation costs. To calculate the 

profitability of both systems, the GM of vegetable production and NI were calculated for both 

integrators and non-integrators while that of poultry production was calculated for integrators only. 

Lastly, the GM and NI of integrated system were computed and the difference in both groups was 

calculated for comparison purposes. “The higher the GM, the greater profitable the system” criteria 

was used to determine the farming system that is more profitable. 

4.2 Econometric approach 

The dependent variable which is the decision to integrate poultry into vegetable farming is 

dichotomous in nature and is taking the value 0 or 1. To examine the determinants of this 

integration, the construction of binary model which comprises the factors that influence the 

household’s decision making is essential. Using a linear regression model to explain this variable 

is inappropriate; hence, the call for alternative models such as the logit and probit that can model 

discrete and continuous variables and take care of estimation and interpretation of their parameters 

(Verbeek, 2008). The two models give the same results but logit model was chosen for this study 

as it allows the prediction of the probability of a farmer to integrate vegetable-poultry production 

systems and its asymptotic characteristics limits the predicted probabilities between zero and one. 

The study selected the maximum likelihood as the common estimation method since our data was 

from individual household observations. 

4.2.1 The Logit model  

The logit model is based on the logistic cumulative distribution function, thus its results are not 

sensitive to the distribution sample elements when estimated by maximum likelihood (Aldrich & 

Nelson, 1984). Vegetable-poultry integration is based on a particular threshold which depends on 

certain socio-economic factors. Based on the utility theory, farmers will integrate if the critical 

threshold value is met while there is no integration below the threshold. The utility difference 

between integrators and non-integrators depends on profitability generated from integration and 

other household characteristics. Hence, for each household i, the difference in utility between 

integrating and non-integrating households can be obtained which depends on the observed 

characteristics (𝑥𝑖)and unobserved characteristics (ui ). On the assumption of the linear additive 
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relationship, we present unobserved utility difference (𝑦𝑖
∗) which is referred to as a latent variable 

and represented as:  

𝑦𝑖
∗= 𝑥𝑖

′𝛽 + ui                                                                                                    (4.5) 

Where 𝑥𝑖
′ represents the vector of independent variables explaining the integration decision, 𝛽 is 

the vector of parameter estimates, and ui is the error term which is assumed to be independent and 

distributed as ui ~ NID (0, 1). 

Therefore, we observe: 

𝑦𝑖= 1 (integration) if 𝑦𝑖
∗ > 0 and  

 𝑦𝑖= 0 (no integration) otherwise 

Consequently, the probability of integrating vegetable-poultry is represented as: 

𝑝𝑟 {𝑦𝑖 =  1} = 𝑝𝑟 {𝑥𝑖
′𝛽 +  𝑢𝑖  > 0} = 𝑝𝑟 {−𝑢𝑖 ≤ 𝑥𝑖

′𝛽} = 𝐹(𝑥𝑖
′𝛽)                                    (4.6) 

Where F denotes the cumulative distribution function (CDF) and should be in the interval [0 1]. If 

F is chosen to be the standard distribution function, then; 

F(𝑥𝑖
′𝛽) =  ∫

1

√2𝜋
 exp

𝑥𝑖
′𝛽

−∞
 {−

1

2
𝑡2} 𝑑𝑡               (4.7) 

Which leads to the standard logistic distribution function, given by: 

F(𝑥𝑖
′𝛽) = 

𝑒𝑥𝑖
′𝛽

1+𝑒𝑥𝑖
′𝛽

                                                                                         (4.8) 

4.2.2 Likelihood function 

Equation (4.8) represents a binary choice model estimating the probability of integrating 

vegetable-poultry (𝑦𝑖) as a function of explanatory variables (𝑥𝑖
′). The farm household decides 

whether to integrate vegetable and poultry or not. Using the binary logit model, it is represented 

as follows: 

𝑝𝑟𝑜(𝑦𝑖 = 1|𝑥𝑖
′, 𝛽) = F(𝑥𝑖

′𝛽) =
𝑒𝑥𝑖

′𝛽

1+𝑒𝑥𝑖
′𝛽

                                                                      (4.9) 
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𝑝𝑟𝑜(𝑦𝑖 = 0|𝑥𝑖
′, 𝛽) = 1 − F(𝑥𝑖

′𝛽) = 1 −
𝑒𝑥𝑖

′𝛽

1+𝑒𝑥𝑖
′𝛽

=
1

1+𝑒𝑥𝑖
′𝛽

                                            (4.10) 

Where 𝑦𝑖 is the response for the ith household. This means that 𝑦𝑖 = 1 for a vegetable-poultry 

integrating household and 𝑦𝑖 = 0  for non-integrating household. F is the standard normal 

cumulative distribution function, 𝑥𝑖
′ a vector of explanatory variables determining integration, and 

𝛽 is a vector of parameter estimates. Hence, the full distribution of F is: 

 𝑓(𝑦𝑖|𝑥𝑖
′) = [𝐹(𝑥𝑖

′𝛽)][𝑦𝑖=1][1 − 𝐹(𝑥𝑖
′𝛽)][𝑦𝑖=0]                                                                      (4.11) 

4.2.3 Marginal effects 

The direct interpretation of coefficients of the estimates from the logit model above is not possible 

except their signs only. Therefore, a post-estimation analysis was undertaken to enable us to 

estimate the change in probability of integrating vegetable-poultry as a result of a unit change in a 

specific explanatory variable and that is referred to as marginal effects. The marginal effects are 

therefore computed by the partial derivative of the probability that 𝑦𝑖 = 1 with respect to a 

continuous explanatory variable (𝑥𝑖) and for dummy variables by calculating the implied 

probabilities for the two likelihoods, holding all other explanatory variable constant. It can be 

shown as: 

 
𝜕𝑝(𝑦𝑖=1|𝑥𝑖

′)

𝜕𝑥𝑖
= 𝛽𝑖𝐹(𝑥𝑖

′𝛽)                                                                                                            (4.12) 

If 𝑥𝑖 is a continuous variable and  

 
∆𝑝(𝑦𝑖=1|𝑥𝑖

′)

∆𝑥𝑖
=  𝐹(𝑥𝑖

′𝛽1) − 𝛽𝑖𝐹(𝑥𝑖
′𝛽0)                                                                                                          (4.13) 

If 𝑥𝑖 is a dummy variable 

Where 𝑥𝑖
′𝛽1 = 𝑥1𝛽1 + ⋯ + 𝑥𝑖−1𝛽𝑖−1 + 1. 𝛽𝑖 𝑎𝑛𝑑 𝑥𝑖

′𝛽0 = 𝑥1𝛽1 + ⋯ + 𝑥𝑖−1𝛽𝑖−1 + 0. 𝛽𝑖  

The margins commands were used in stata to calculate the APEs and delta method for the standard 

errors.  
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4 DATA AND VARIABLE DESCRIPTION 

This chapter discussses the study area, sampling techniques used, the data types, variables and the 

source of data survey that addressed important aspects such as household characteristics, farm 

assets and resources, institutional characteristics, vegetable and poultry production activities, as 

well as costs and benefits arising from vegetable-poultry integration.  

5.1 Study area 

The research took place in the District of Babati, Manyara region  in Tanzania, covering a surface 

area of 5609 km2 out of it,  4969 km2 is the total land area while the remaining 640 km2 is covered 

by water (Mangesho et al., 2013). The potential land available for agriculture in babati District is 

about 134,187 ha but only 120,000 ha is used for cultivation while 212,100 ha is under livestock 

keeping (Mangesho et al., 2013). Löfstrand (2005) estimates that around 31,775 ha and 142,500 

ha are forests and parks&game reserves respectively. The district of Babati is mainly rural “with 

about 90% of its population that rely on agriculture and livestock as main source of their 

livelihood” (Ngunga & Lukuyu, 2016, p. 1). The Tanzania Population and Housing Census of 

2012 shows that, Babati District had a total population of 405,500 out of which 77% were in rural 

and 23% were in urban areas (IHSN, 2012). 

The District of Babati is divided into  four major divisions (namely the division of Babati, Gorowa, 

Mbugwe and Bashnet), 21 wards and 96 villages  (Mangesho et al., 2013). This study was 

conducted in five villages where Africa RISING is operational, namely; Bermi, Galapo, Matufa, 

Seloto, and Shaurimoyo (see Figure. 2). 
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Figure 2.  Map of the study area (Bekunda et al., 2014) 

 

5.2 Sampling design and techniques 

A multi-stage sampling procedure was used in this study. The first stage involved choosing Babati 

District in Manyara, is due to the pre-determined sites based on the Africa RISING Eastern and 

Southern Africa projects sites. The second stage was the selection of five villages out of total 

villages in Babati District. The five listed villages are the only villages in Babati that work with 

World Vegetable Center, Eastern and Sourthen Africa region. The third stage was a random 

sampling of households (both integrators and non-integrators). 

The sample size was determined by the following proportionate to size sampling approach using 

the formula (Kothari, 2004; Smith et al., 2005): 
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𝒏 =
2

2

e

pqz                                                                                                    (1) 

Where; n = sample size; Z= confidence level; p = proportion of the population, q = 1-p and e= 

margin of error. 

The proportion of population of interest is not known with certainty. However, previous studies 

indicate that over 80% of rural population in Africa keep poultry (Guèye, 2000; Sonaiya, 1990); 

therefore, p = 0.8 and q = 0.2. A margin of error of 5% which is assumed to sufficiently remove 

95% bias in sampling was used (Smith et al., 2005). A confidence level of 95% that gives a z-score 

of 1.96 was used in this study hence the sample size of 246 which was aproximated to 250 

household farmers. 

5.3 Data type 

As mentioned above, this study is based on the household survey conducted in June 2017 covering 

households from five villages in Babati District. The data was collected as part of the partneship 

arrangement between the BEAF/GIZ3 and World Vegetable Center, Eastern and Sourthen Africa 

region4 under the framework of the Africa RISING program in Tanzania. Four experienced 

enumerators were recruited and trained to support in data collection process. Tablets were used for 

real-time data collection  through surveyCTO (Survey platform for electronic data-collection based 

on Open Data Kit) and the semi-structured questionnaires were filled by both integrators and non-

integrators of vegetable-poultry production systems.  

The questionnaire developed captured various information on household characteristics, land 

ownership, land allocated to vegetables, source of income and ownership of poultry. Furthermore, 

data on inputs used in both systems that include labor, manures, chemical fertilizers and other 

variables such as productions, consumptions, and sales were collected. The prices of input and 

output were also documented together with costs and benefits of both farming systems. Data on 

the reasons for integrating or not integrating and institutional characteristics such as credit and 

extension service accessibility were also collected. The data was cleaned, coded and analyzed 

                                                           
3 BEAF/GIZ funded my stay at WorldVeg for a period of six months 
4 WorldVeg funded the entire data collection costs 
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using Stata14. Based on the detailed data collected, the assessment and analysis of integration 

decisions was made possible and enabled to respond to the objectives of this study.  

In this study,  integrators are regarded as farmers who are producing vegetables, feeding vegetables 

to poultry, applying poultry manure into vegetable garden and own at least five adult birds. On the 

other hand, non-integrators are described as vegetable producers that may own less than five adult 

birds or none. The treshold number of birds was selected based on the quantity of manure that can 

be produced. Poultry One Guide to Raising Backyard Chickens establish that, the manure produced 

by five to ten chickens is enough to fertlize the vegetable garden as one chicken can produce 

around 45 pounds of manure annually (POGRBC, 1999). Furthermore, the Tanzania Livestock 

Research Institute (TALIRI) reports that, on average  households in Tanzania own five to twenty 

birds per household (TALIRI, 2015); hence the minimum number of five birds was chosen to 

describe integrators. 

5.4 Variable description 

The variables included in this study were classified into categories such as production 

characteristics, household characteristics, farm asset and resource ownership, institutional and 

access related, farm characteristics and information variables. The Table 2 below shows the 

summary statistics of the entire data of continuous variables   while Table 3 displays frequencies 

and percentages of indicator variables. In addition, the dummies representing Bermi, Galapo, 

Matufa, seloto, and Shaurimoyo villages were created and added as explanatory variables since 

agro-climatic conditions may influence profitability and integration decision. 

Table 2.Summary statistics of continuous variables (N=250) 

Variables Mean Min Max SD 

Household size (number) 5.208 1 12 2.101 

Household head education (years) 7.032 0 16 2.660 

Age of household head (years) 47.388 19 98 12.937 

Dependency ratio5 (number) 0.397 0 1 0.218 

Land owned by the household (in hectares) 1.198 0 6.172 1.176 

                                                           
5 The dependency ratio in this study is the sum of household members who are below 15 years of age and above 
64 years divided by total number of household members 
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Off-farm income (in Tsh) 110,913.3 0 3,000,000 279163.8 

Total household income (in Tsh) 346,464.1 20,000 3,160,000 345945.6 

GM from V-P integration (in Tsh) 392,566.6 -457,962.5 4,905,000 801325.2 

Vegetable farm size (in hectares) 0.0902 0.0008 0.607 0.083 

Quantity harvested (in Kg) 866.096 4 6750 1299.594 

Household yield (in Kg/ha) 9,399.946 98.842 99,171.54 11188.36 

Number of poultry birds owned  9.46 0 200 15.576 

Source: Own calculation based on the survey data collected 

 

Table 3. Summary statistics of indicator variables (N= 250) 

 Yes (1) No (0) 

Variables Frequency Percentage 

(%) 

Frequency Percentage 

(%) 

V-P integration (=1 if integrate) 140 56 110 44 

Gender (=1 if head of household is Male) 210 84 40 16 

Marital status (=1 if HH head is married) 193 77.2 57 22.8 

Off-farm income (=1 if access) 105 42 145 58 

Access to credit (=1 if access) 52 20.8 198 79.2 

Getting extension service (=1 if access) 169 67.6 81 32.4 

Attending V-P training (=1 if attended) 120 48 130 52 

Awareness of V-P benefits (=1 if aware) 229 91.6 21 8.4 

Own poultry (=1 if own) 185 74 65 26 

Bermi (=1 if the farmer is from Bermi) 50 20 200 80 

Galapo (=1 if the farmer is from Galapo) 51 20.4 199 79.6 

Matufa (=1 if the farmer is from Matufa) 50 20 200 80 

Seloto (=1 if the farmer is from Seloto) 49 19.6 201 80.6 

Shaurimoyo (=1 if from Shaurimoyo) 50 20 200 80 

Source: Own calculation based on the survey data collected 
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5.4.1 Vegetable-poultry production characteristics 

The dependent variable (vegetable-poultry integration) was a dummy variable that took the value 

of 1 if the household was integrating and 0 otherwise. The sample size of 250 farm households 

(see section 5.2) was considered of which 56% represented the households that are integrating 

vegetable-poultry production systems. The quantity of vegetables produced was reported in 

different local units, however, it was converted into kilogram using the conversion unit provided 

in the survey and was found to be 866.096 Kg on average. The land area allocated to vegetables 

averaged 0.0902 ha, giving an average yield of 9,399.95 Kg/ha. The number of poultry owned 

ranged between 0 and 200 whereby 74% of all households own at least one bird leading to an 

average flock size of around 9 birds per household. 

5.4.2 Household characteristic variables 

The household characteristic variables include a number of characteristics that are important in 

farming decision making. The survey indicates that 84% of households are male headed 

households and 77.2% of the head of the households are married with an average age of 47.4 years 

which ranges from 19 to 98 years. This implies that vegetable farming is attractive to both young 

and old. The education level of the head of household was measured as the number of years spent 

in formal schooling and ranges between 0 and 16 years with an average of 7 years, inferring that 

many farmers know to read and write since they attended at least the primary school which 

generally takes 7 years in Tanzania. The average household size is around 5 with a household 

dependency ratio of nearly 0.4.  

5.4.3 Farm assets and resource ownership variables 

Having an off-farm income is a dummy variable which took the value of 1 if any member of the 

household had income from wage/salary or any business activity during the survey period. The 

total sample household shows that 42% of household had an extra income that is not from farming 

activities. The amount of off-farm income earned as well as the total household income which is 

the amount the household possesses from all sources were reported in Tanzanian Shillings (Tsh6). 

The average off-farm income was Tsh 110,913.3 per household indicating that they are engaged 

                                                           
6 Tsh (Tanzanian shilling) is the Tanzanian currency; 1USD= Tsh 2239.9 in December, 2017 
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in other income generating activities accounting close to a third of total household income (Tsh 

346,464.1). The average households’ farm land size is about 1.2 hectares which is small compared 

to the national average land holding of 2 hectares per household, an indication that land is scarce 

in Babati District. 

5.4.4 Institutional and access related variables 

All the institutional variables in this study were dummies that seek to know if farmers were getting 

extension services, participating into vegetable-poultry trainings and if they had access to farming 

credit. Extension facilities provide rural households with information on input and output markets 

as well as new farming technologies. This variable took the value 1 if the household was receiving 

any extension service. From the household sample, 67.6% of households are getting extension 

services from different organizations mainly WorldVeg and ILRI as well as village agricultural 

extensionists. This infers that these organizations and extensionists are contributing to community 

capacity building. For instance, close to half of the households (48%) attended vegetables-poultry 

trainings that were mostly organized by WorldVeg, IITA, and ILRI within the framework of Africa 

RISING project. From credit accessibility standpoint, the survey showed that only 20.8% of 

sample households had access to farming credits implying that either credit providers are probably 

few in the area or farmers do not meet the borrowing requirements set by lenders. 

5.4.5 Farm characteristic and information variables 

The average vegetable farm size is 0.0902 ha which is small compared to average land owned of 

about 1.2 ha. This means that, vegetable farming is not the main agricultural activity in Babati 

District. Awareness of the benefits of the vegetable-poultry integration variable attempted to 

establish if farmers knew the benefits derived from this farming approach. It was used as a dummy 

variable that took value 1 if farmers were aware of these benefits. Close to 91.6% of households 

were aware of different benefits of vegetable-poultry integration. The most common benefits were 

income generation, manure availability and improved food and nutritional security to the 

household. Despite such broad knowledge of the benefits, only 56% of the sample population are 

integrators. This implies that some other factors might be hindering the adoption of vegetable-

poultry production systems.  
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5 RESULTS AND DISCUSSIONS 

This chapter discusses the main findings of the research. It specifically looks at the characterization 

of integrators and non-integrators of vegetable-poultry, the profitability from vegetable-poultry 

integration as well as key integration determinants. 

6.2 Characterization of integrators and non-integrators of vegetable-poultry 

production systems 

The analysis of descriptive information is used to characterize vegetable-poultry integrators and 

non-integrators. The means of household’s socio-economic and farm characteristic variables were 

used to compare integrators and non-integrators. The independent t-test was performed to test the 

difference in means of variables between integrators and non-integrators and their level of 

significance. Figure 3 below presents the main vegetables produced in the study area by both 

integrators and non-integrators.  

Figure 3. Main vegetables produced in Babati District by integration 

Source: own calculation based on the data collected 
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There are 14 main types of vegetables produced in Babati District as seen in Figure 3. Most of 

these vegetables were produced for both household consumption and commercialization.  

Tomatoes were the most produced vegetables in the area followed by Ethiopian mustard, night 

shade, kales and Chinese cabbage respectively. The majority of farmers were engaged into tomato 

production probably due to their high profits generation and high consumption as they are 

ingredients in most of recipes. Integrators seem to produce tomatoes and night shade more than 

non-integrators while the latter dominate in amaranth and sweet pepper. However, based on 

unequal number of integrators and non-integrators, we cannot decide the specialization of each 

group or differences based on vegetables produced.  

Table 4 displays the comparison of integrators and non-integrators based on their vegetable input 

use and vegetable productions. Table 5 presents their comparison based on profitability, access 

related, socio-economic and farm asset characteristics. 

Table 4. Vegetable input use and production quantity by V-P integration (N=250)        

Variables Non-integrators (1) 

(N=110) 

Integrators (2) 

(N=140) 

t-test (1-2) 

Mean SD Mean SD 

Vegetable farm size (ha) 0.092 0 .094 0.089 0.074 0.215  

Seed cost (Tsh) 6357.445 8715.065 7008.421 9383.885 -0.562  

Nursery management cost (Tsh) 7063.873 11237.240   8817.864 20324.340 -0.813  

Compost quantity (Kg) 757.316 1500.923 927.856 2951.732 -0.459  

Poultry manure quantity (Kg) 32.750 45.177 81.794 150.142 -0.643  

Pesticide cost (in Tsh) 10778.790 11656.690 10374.510 12623 0.260   

Total labor used (labor day) 19.148 17.891 24.153 20.548 -1.960 * 

Production quantity (Kg) 827.738 1231.736 896.235 1354.147 -0.413  

Yield (Kg/ha) 7903.232 7517.613 10575.940 13295.090 -1.885 * 

Note: * denote the level of significance of difference in means at 10%  

Source: own calculation based on the data collected 

Means comparison based on vegetable inputs have shown no significant differences between 

integrators and non-integrators with the exception of labor input. Non-integrators have allocated 
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slightly higher land area to vegetable farming and are having higher pesticide costs than 

integrators. However, the t-test results show that their differences are not significant at any level. 

This is the same case for other input variables such as seed, nursery management costs, quantity 

of compost and poultry manure where the mean of integrators is higher than that of non-integrators 

though insignificant. The only input that shows a significant difference in means is labor employed 

in vegetable production. The total labor used in vegetable farming from sowing seeds to selling of 

harvests was reported in labor days. On average, the seasonal labor days of integrators were 24.05 

which is higher than 19.15 of non-integrators and was significant at 10%; indicating that 

integrators are providing more employment opportunities than non-integrators. 

The average quantity of vegetable harvested by integrators was about 896.2 Kg, which is higher 

compared to 827.7 Kg for non-integrator, though the difference was not significant. On the other 

side, integrators have a higher vegetable yield compared to non-integrators as they produce more 

on a smaller land area. On average, the seasonal vegetable production yield was close to 10,576 

Kg and 7,903 Kg per hectare for integrators and non-integrators respectively and the difference is 

significant at 10% confidence level. This implies that, integrators would get more and significant 

returns than non-integrators if they were both farming vegetables at the same land scale. 

Table 5. Characteristics of vegetable-poultry integrators and non-integrators (N=250) 

Variables Non-integrators (1) 

(N=110) 

Integrators (2) 

(N=140) 

t-test (1-2) 

Mean SD Mean SD 

Gender of household head (dummy) 0.845 0.363 0.836 0.372 0.208  

Marital status of HH head (dummy) 0.691 0.464 0.836 0.372 -2.739 *** 

Household size (number) 4.745 2.304 5.571 1.855 -3.139 *** 

Dependency ratio 0.364 0 .231 0 .423 0 .205 -2.131 ** 

Education of household head (years) 6.654 2.758 7.329 2.551 -2.001 ** 

Age of household head (years) 46.373 14.691 48.186 11.362 -1.101 

Land owned (ha) 0 .916 0 .866 1.420 1.334 -3.436 *** 

Off-farm income (dummy) 0 .464 0 .501 0 .386 0 .489 1.238  

Total income (Tsh) 280,006.1 250113 398,681.2 398862.5 -2.727 ** 
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Credit (dummy) 0.191 0 .395 0 .221 0.417 -0.588  

Extension (dummy) 0 .6 0 .492 0 .736 0.442 -2.290 ** 

Attending V-P training (dummy) 0 .391 0 .491 0 .550 0 .499 -2.521 ** 

Awareness of V-P benefits 0 .854 0 .354 0 .964 0 .186 -3.154 *** 

Note: ***, **, * denote the level of significance of difference in means at 1%, 5%, 10% 

respectively. 

Source: own calculation based on the data collected 

From the above table, vegetable-poultry integrators are significantly distinguishable from non-

integrators in terms of some household characteristics such as household size, dependency ratio, 

marital status and education level of household head. For instance, on average, integrators are 

married, have a bigger household size as well as a higher dependency ratio than non-integrators. 

The differences in marital status and household size are significant at 1% while dependency ratio 

differs at 5% significance level.  Similarly, integrators’ group is headed by a relatively educated 

household heads with a significant difference of 5% significance level. On average, integrators’ 

household head has 7.3 years of formal schooling compared to 6.6 years of non-integrators. This 

may imply that households headed by educated farmer may have higher skills and better ability to 

access information that can positively influence vegetable-poultry integration.  

Land holding and total income earned by farmers significantly distinguish integrators from non-

integrators. For instance, the average land owned by integrators is 1.42 hectares compared to 0.916 

hectares of non-integrators; a difference that is significant at 1% significance level. Moreover, 

integrators earn on average a total income of Tsh 398,681 which is significantly higher than that 

of non-integrators (Tsh 280,006) at 5% significance interval. Likewise, integrators’ group is 

considerably distinct from non-integrators with respect to both attending vegetable-poultry 

trainings and access to extension programs and their mean differences are significant at 5% level. 

Around 55% of sample household integrators and 39.1% of non-integrators had attended at least 

one vegetable-poultry training. Likewise, integrators appear to get better access to extension 

services as 73.6% of them get these services compared to 60% of non-integrators. On the other 

hand, most of sample households seem to be aware of benefits from vegetable-poultry integration 

as 96.4% of integrators and 85.4% of non-integrators are aware of these benefits. Still, the means 

of benefits awareness differ significantly at 1% significance level. 
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Integrators are not significantly distinguishable from non-integrators based on the gender and age 

of the head of household. From the gender of the head of household standpoint, about 83.6% of 

integrators are headed by males compared to 84.5% of non-integrators. Also, the two groups are 

not significantly distinguishable based on whether they earn any income from off-farm activities 

or not as only 46.4% of non-integrators and 48.9% of integrators get off-farm income. The survey 

also revealed that farming credit accessibility is a challenge as only 22.1% of integrators and 19.1% 

of non-integrators have access to farming credit; an undistinguishable difference between the two 

groups. The main credit providers in the study area were microfinance institutions, co-operatives, 

SACCOs and informal money lenders. Farmers expressed various reasons of not accessing credit 

and all were related to high interest rate which was 10.6% per year on average together with lack 

of collaterals and fear of bankruptcy.  

6.3 Profitability of vegetable-poultry integration 

The Gross Margin (GM) analysis was used to calculate the profitability of vegetable-poultry 

integration. At first, the vegetable GM was computed for both integrators and non-integrators 

followed by poultry GM for integrators’ group only, and lastly the vegetable-poultry integration 

GM was calculated and all were measured in Tanzanian Shilling (Tsh). In addition, the Net Income 

(NI) was also calculated to ascertain the profitability even when fixed costs are involved. 

6.3.1 The profitability of vegetable production 

The total variable cost (TVC) of vegetables was composed of a set of various cost components 

namely; seed and transplanting, nursery management, compost, poultry manure, fertilizer, 

pesticide, and labour costs. The highest costs incurred in vegetable production process are mostly 

labour, compost and pesticides costs. The poultry manure cost was the lowest incurred by non-

integrators while integrators were using the self-produced poultry manure. From the results, as 

explained in Figure 4 below, there is no big difference in costs incurred by integrators and non-

integrators, with the exception of the labour and compost costs whereby the former was found to 

be higher for integrators and the latter was higher for non-integrators.  
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Figure 4. Elements of vegetable TVC by integration 

Source: own calculation based on the data collected 

The fixed cost comprised the cost of land allocated to vegetable farming which was estimated 

based on the farmers’ reported cost of renting one hectare of land with water for irrigation. 

Vegetable total revenue was the income from selling vegetables. Table 6 presents the average costs 

and revenues of vegetable production for both vegetable-poultry integrators and non-integrators. 

The vegetable GM and NI were calculated per household (using the land area allocated to 

vegetables) and per hectare of vegetable farming for a season of six months. 
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Table 6. Average costs and revenues from vegetable production (N=250) 

Variables (in Tsh) Non-integrators (Mean) Integrators (Mean) 

Vegetable area (in hectares) 0 .0915 0 .0892 

Total variable cost (TVC) 128,886.90 150,374.60 

TVC/ha/season 2,976,474 2,887,161 

Fixed cost (FC) 38,295.56 34,714.04 

FC/ha/season 411,803 387,034.20 

Total cost (TC) 167,182.50 185,088.60 

TC/ha/season 3,388,277 3,274,195 

Total revenue (TR) 456,352.90 478,201.20 

TR/ha/season 3,934,881 4,851,837 

Gross margin (GM)/season/household 327,466 327,826.60 

GM/ha/season 958,406.80 1,964,676 

Net Income (NI)/season/household 289,170.50 293,112.60 

NI/ha/season 546,603.80 1,577,642 

Source: own calculation based on the data collected 

Vegetable TVC per household7 was slightly higher for integrators (Tsh 150,374.6) compared to 

non-integrators (Tsh 128,886.9), however, the seasonal TVC per hectare (Tsh, 2,976,474) for non-

integrators was comparatively higher than that of integrators (Tsh 2,887,161). Similarly, non-

integrators had a higher fixed cost making them to incur a higher total cost per hectare than 

integrators. The seasonal total revenue (TR) that was computed as the product of vegetable price 

per kilogram and quantity of vegetable produced in kilograms was found to be Tsh 478,201 for 

integrators compared to Tsh 456,353 for non-integrators. Therefore, the difference in seasonal TR 

becomes bigger per hectare and increases proportionally according to the land area allocated to 

vegetables. 

Given the above average total variable costs, fixed costs and average total revenues for vegetables, 

the seasonal GM per household was slightly higher for integrators than non-integrators. The 

vegetable GM per hectare is also higher for integrators (Tsh 1,964,676) compared to that of non-

                                                           
7 TVC per household was Calculated based on land each household allocated to vegetables 
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integrators (Tsh 958,407). Correspondingly, integrators enjoyed higher seasonal Net Income (NI) 

per hectare of Tsh 1,577,642 compared to Tsh 546,604 for non-integrators. Consequently, based 

on GM and NI results, vegetable production is beneficial for both groups, however, the average 

seasonal integrators’ GM per hectare is more than that of non-integrators by about Tsh 1,006,269; 

implying that integrators are getting more benefits from vegetables than non-integrators. 

6.3.2 Profitability of Poultry production 

The profitability of poultry production was computed for integrators only by virtue of being the 

only group keeping poultry. The poultry total variable cost for this study comprised the costs of 

parent stock (initial chicks or chickens), feeds and feed preparation, medication and vaccinations, 

as well as labour costs. The highest poultry cost was the feeding cost which occupies about 60.6% 

of TVC followed by the parent stock cost (17%), medicine (13%) and labour costs (9.4%) 

respectively. These findings reaffirm findings in similar studies whereby the feed costs constitute 

the biggest proportion of the total cost of poultry production (Dutta et al., 2013; Ike & Ugwumba, 

2011; Tijjani et al., 2012). This implies that feeding is very germane in any poultry production as 

it affects the poultry yield. Figure 5 displays the elements of TVC and the percentage share 

occupied by each cost in poultry TVC. 

 
Figure 5. Share of each cost in poultry TVC 

Source: own calculation based on the data collected 
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The fixed cost of poultry production is comprised of poultry housing depreciation cost that was 

calculated using the straight line depreciation method. This study applied the depreciation rate of 

10% per annum on poultry housing, as previously used in different poultry studies to calculate the 

gross margin (Ayieko et al., 2014; Dutta et al., 2013; Matthews & Sumner, 2014). The poultry 

total revenue was computed by summing up the revenue from poultry and egg sales as well as the 

estimated cost of manure generated. Table 7 below presents the average costs and revenues of 

poultry production for vegetable-poultry integrators. All variables were calculated on a seasonal 

basis of six month period of time. 

Table 7. Average costs and revenues of poultry production (N=140) 

Variables (in Tsh) Integrators (Mean) 

Flock size (number) 15.75 

Total variable cost (TVC)/season 72,592.46 

TVC/bird/season 5,767.71 

Fixed cost FC (10% Housing depreciation)/season 5,901.23 

FC/bird/season 504.18 

Total cost (TC) /season 78,493.70 

TC/bird/season 6,271.89 

Total revenue (TR) /season 188,482.90 

TR/bird/season 15,272.36 

Gross margin(GM) /season/household 115,890.50 

GM/bird/season 9,504.66 

Net Income (NI) /season/household 109,989.20 
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NI/bird/season 9,000.47 

Source: own calculation based on the data collected 

On average, an integrating household owns close to 16 birds and the seasonal poultry TVC is Tsh 

72,592 indicating an average seasonal TVC per bird of Tsh 5,768. Furthermore, poultry seasonal 

FC amounts to Tsh 5,901 giving an average seasonal FC of Tsh 504 per bird. The average seasonal 

poultry TR is nearly Tsh 188,483 which means that an integrating household gets an average 

seasonal TR of Tsh 15,272 per bird. As a result, the seasonal poultry GM and NI per household 

are Tsh 115,890 and Tsh 109,989 respectively and one bird can generate a GM of Tsh 9,505 and 

a NI of Tsh 9,000 per season implying that poultry farming is profitable. 

6.3.3 The profitability of integrated vegetable-poultry productions 

The profitability of vegetable-poultry production systems was computed by summing up the GM 

from vegetable production and the GM from poultry production. This study calculated the 

vegetable-poultry GM for five different scenarios. The first scenario was the seasonal vegetable-

poultry GM per household which was computed as a sum of seasonal vegetable GM per household 

and the seasonal poultry GM per household. In the second scenario, we computed the vegetable-

poultry GM by summing up the vegetable GM per household and poultry GM from a flock size of 

16 birds. The number of birds   was chosen as the mean size of poultry owned by integrators in the 

study area. Scenario three was the sum of vegetable GM per household and poultry GM from flock 

size of 20 birds. This number was chosen based on TALIRI report that on average, households in 

Tanzania own between five to twenty flock size per household (TALIRI, 2015).  

The fourth scenario presented the vegetable-poultry integration from vegetable GM per hectare 

and poultry GM from a flock size of 100 birds. In this scenario, the vegetable GM from one hectare 

was computed assuming equal land size allocated to vegetables by both groups and we performed 

different simulations to find the minimum number of birds (100) that can generate a significant 

difference in their GM. The last scenario presented vegetable-poultry GM per hectare and poultry 

GM from a flock size of 200 birds which was the maximum number of birds owned in the sample. 

In all the five scenarios, the t-test was used to test the significance in means of GMs’ differences 

between integrators and non-integrators. See Table 8 below.  
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Table 8. Profitability of V-P integration (N=250) 

Variables (in Tsh) Non-integrators 

(1) N=110 

Integrators (2) 

N=140 

t-test (1-2) 

V-P GM per household (scenario 1) 327,466 443,717.1 -1.139  

V-P GM per household/16 birds (scenario 2) 327,466 479,901.1 -1.482  

V-P GM per household/20 birds (scenario 3) 327,466 517,919.7 -1.832 * 

V-P GM per hectare/100 birds (scenario 4) 958,406.8 2,915,142 -1.923 * 

V-P GM per hectare/200 birds (scenario 5) 958,406.8 3,865,607 -2.804 *** 

Note: ***, * denote the level of significance of difference in means at 1% and 10% respectively  

Source: own calculation based on the data collected 

In all the five scenarios above, integrators have higher GM compared to non-integrators. This was 

expected as integrators get extra revenue from the poultry aspect of integration that is not earned 

by non-integrators. However, it is important to note that, the GM differences between the two 

groups are significant in three of the five scenarios. Scenario 1 and 2 do not significantly 

distinguish the profits earned by households from both groups while Scenario 3 shows that the 

integrating households get higher GM and the difference is significant at 10% significance level. 

This implies that an integrating household with poultry flock size of 20 birds and above will 

significantly get higher profits in the study area since the profitability is proportional to the poultry 

flock size. Likewise, Scenarios 4 and 5 show that integrators can get much benefits as their GMs 

differences are significant at 10% and 1% significance levels respectively compared to non-

integrators.  

The results above arose the interest of seeking to know the minimum number of birds per 

household and per hectare that an integrating household should keep to get a significant difference 

in GM compared to non-integrator in the study area. We performed again different simulations 

and we found that, the threshold number of birds that an integrating household should keep to get 

a significant higher profit than non-integrator is 18 birds. Furthermore, 71 birds per hectare of land 
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allocated to vegetables should be kept by integrators to get the profit that is significantly higher 

than that of non-integrators (see Table A1 in Appendix). The vegetable GM per household together 

with poultry GM from 18 birds gave Tsh 327,466 for non-integrators and Tsh 498,910 for 

integrators and the difference was significant at 10% significant level. Similarly, the vegetable GM 

per hectare together with poultry GM from 71 birds generated Tsh 2,639,507 for integrators and 

Tsh 958,407 for non-integrators which are significantly different at 10% level. 

6.4 Factors influencing the probability to integrate vegetable-poultry production 

systems 

 In this section, the results of binary logit model are discussed as delineated in chapter four. The 

estimated maximum likelihood results are presented in Table A2 in Appendix. The chi-squared 

test statistic of the model is significant at 1% level implying the combined significance of 

vegetable-poultry integration variables. Furthermore, the results show that household profiles such 

as the household size, the level of education of the head of the household, and marital status of the 

household head are related to higher probability of integration. Equally, ownership of land, total 

income, and awareness of benefits are also positively linked to vegetable-poultry integration. 

However, the gender of the head of household and having an off-harm income are negatively 

related to the probability of vegetable-poultry integration. All remaining explanatory variables are 

non-significant but have expected signs, apart from having access to credit and vegetable farm size 

which contrasted their hypothesized effects (see model specification in section 3.2). 

Lastly, the quantitative impact of each factor that influence vegetable-poultry integration was 

determined by calculating the marginal effect of each explanatory variable on the probability of 

integrating vegetable-poultry. By using the margin command and delta method approach in stata, 

the coefficients of average marginal effects as well as the standard errors were estimated. The 

results of this model are shown in Table 9 below. 
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Table 9. Logit model - Factors influencing the probability of V-P integration in Babati District 

Variables Marginal 

effects 

Std.error Z 

values 

Gender of household head (=1 if head of household is male) -0.285 ** 0.119 -2.390 

Marital status of household head (=1 if married, 0 otherwise) 0.238 ** 0.106 2.250 

Household size (number) 0.027 * 0.015 1.790 

Education level of household head (years) 0.019 * 0.011 1.670 

Age of household head (years) -0.001 0.003 -0.350 

Land owned (ha) 0.092 *** 0.032 2.880 

Off-farm income (=1 if the household gets off-farm income) -0.163 *** 0.060 -2.730 

Total income (Tsh) 2.66E-07 ** 1.11E-07 2.39 

Credit (=1 if access to credit) -0.014 0.071 -0.20 

Attending V-P training (=1 if attended V-P training) 0.077 0.062 1.230 

Extension (=1 if access to extension services) 0.023 0.065 0.360 

Awareness of V-P benefits (=1 if aware of V-P benefits) 0.237 ** 0.109 2.180 

Vegetable farm size (land size allocated to vegetables in ha) -0.370 0.355 -1.040 

Bermi (=1 if farmer is from Bermi) 0.053 0.095 0.560 

Galapo (=1 if farmer is from Galapo) -0.169 * 0.089 -1.890 

Matufa (=1 if farmer is from Matufa) -0.058 0.091 -0.640 

Shaurimoyo (=1 if farmer is from Shaurimoyo) 0.083 0.095 0.870 
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Note: ***, **,* denote the level of significance of difference in means at 1%, 5% and 10% respectively  

Source: own calculation based on the data collected 

The results show that the household characteristic variables that significantly influence the 

probability of integrating vegetable-poultry are gender, marital status, and education level of the 

household head and the household size. The gender of the head of the household is negatively 

related to the probability of integrating poultry into vegetable farming. The probability of 

integration decreases by 28.5% if the household is headed by a male (p<0.05). This is probably as 

a result of women being more involved into poultry activities than men since the poultry is 

regarded as the sector for women in developing countries. This finding is supported by previous 

studies by Bravo-Baumann (2000) and Devendra and Chantalakhana (2002) who established that 

poultry production is a field of women mostly in developing countries. Furthermore, Branckaert 

and Gueye (1999) assert that around 70% of poultry in SSA is owned by women. 

The marital status of the head of the household was found to influence the vegetable-poultry 

integration as anticipated. The probability of integrating poultry into vegetables increases by 

23.8% if the head of the household is married (p<0.05). The married farmers were more likely to 

integrate because of required quantity of food that is increased as a result of marriage. Namwata 

et al. (2010) and Voh et al. (2001) affirm the positive relationship of marriage and adoption of 

improved agricultural technologies in Tanzania and Nigeria.  

 Expectedly, “ceteris paribus”, each additional household member increases the probability of 

integrating poultry into vegetables by 2.7% which is marginally significant at 10% significance 

level. This is most likely due to its effect on household food demand for consumption or 

availability of family labor; since vegetable-poultry integration may be one way to meet the 

increased food consumption or a result of increased labor force in the household. Likewise, the 

higher the level of education of farmers, the higher their capacity to process information and to 

adopt appropriate technologies to cope with farming constraints. This finding is consistent with 

earlier literatures which considered education as a substitute for access to information and placed 

the more educated farmers in a position to evaluate the importance of new technologies faster 

(Ghimire et al., 2015; Kassie et al., 2011; Schultz, 1975). The estimated marginal effects of this 

variable indicate that, an increase in formal education level by one year increases the probability 

of integrating vegetable-poultry by 1.9 % (p<0.1).  
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All farm assets and resource ownership variables were expected to influence the adoption of 

integrated vegetable-poultry production systems. However, the estimates show mixed results. For 

example, farmers who own a bigger land size are more likely to integrate vegetable-poultry than 

those who have smaller land. One hectare increases in land owned by the household in the study 

area increases the probability of integrating vegetable-poultry by 9.2% (p<0.01). This is arguably 

due to land demand for vegetable-poultry integration. Most rural farmers dedicate a large portion 

of their land to the production of staple food crops. Therefore, farmers with large areas of land can 

diversify their production by allocating an additional portion of the land to the integration of both 

farming systems, a choice that is not available to farmers who possess a small area of land (Kassie 

et al., 2011; Mariano et al., 2012; Mendola, 2007). This presents a serious challenge to vegetable-

poultry integration promoters in Babati District for the reason that the majority of farm households 

are small scale farmers who hold an average of about 1.2 hectares of land. 

Unexpectedly, this study reveals that having an off-farm income source negatively influenced the 

decision to integrate vegetable with poultry (p<0.01). The results show that, the probability of 

integrating vegetable with poultry decreases by 16.3% if the farmer has an off-farm income source. 

This is probably because most of off-farm income might have been spent on family purchases and 

other farming systems rather than on investment in vegetable-poultry integration. Furthermore, the 

availability of off-farm income may reduce the consideration (or value) that households give to 

vegetable-poultry integration as they rely on the other source of income. The main off-farm income 

generating activities in the study area were small businesses such as shops run by households’ 

members in several village centers and at market places and salaries from regular jobs mostly 

primary teachers and nurses. Since these two activities require much time and may generate more 

income than vegetable-poultry integration, farmers may choose to concentrate and spend much of 

their time on them than being involved in integration. However, the total income that a given 

household gets is positively related to the vegetable-poultry integration (p<0.05) but with a very 

low marginal effect. This result is similar to previous findings by Franzel (1999) who asserted that 

farmers with high income are less risk averse and more likely to venture into  new farming 

practices and they are in a position to meet the initial integration investment . Furthermore, 

Namwata et al. (2010) found that increased household income increases the likelihood of adopting 

new agricultural technology for Irish potatoes in Tanzania. 
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Awareness of vegetable-poultry integration benefits positively influenced the decision to adopt 

this integrated system (p<0.05). The likelihood of integrating poultry into vegetable increases 

nearly by 23.7% if the farmer is aware of the benefits derived from integration. This implies that, 

if households know that the benefits from integration are more than those from vegetable farming 

alone, they are more likely to integrate both farming systems. This is consistent with (Abara & 

Singh, 1993) who established that, small scale farmers are more likely to adopt new farming 

practices if returns from conventional and the alternative farming practices are significantly 

different. 

Lastly, the households from Galapo village are less likely to integrate vegetable with poultry 

production compared to households from other villages. The probability of integrating vegetable-

poultry decreases by 1.7% if the household is from Galapo village (p<0.1). This is partly due to 

the Newcastle disease known as “Kideri or Mdondo” in Swahili, which has no treatment once the 

chickens are infected. Many households in this village reported this disease as the main reason for 

not keeping poultry. 
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6 CONCLUSION AND POLICY IMPLICATIONS 

Different studies show that, despite a high and an increasing demand for vegetables, most areas of 

Tanzania have been experiencing a low productivity, partly linked to unavailability or high price 

of quality seed, and lack of appropriate control measures. The combination of low productivity 

with high production costs such as labour, manure and chemical fertilizer costs, reduce the 

profitability of vegetable farming. Furthermore, previous studies have highlighted the role of 

poultry sector in Tanzanian economy and its potentials in improving the food security and 

enhancing the wellbeing of rural communities. However, they argued that if the sector is managed 

effectively its contribution to the national economy could be higher. 

The low profitability underscores the need of practical innovative systems of production in order 

to increase yield and stimulate productivity of vegetables, serving as an indispensable mean to 

improve smallholder farmer’s livelihoods. Therefore, this study argued that integrating poultry 

into vegetable production may be one of such innovative systems that increase profitability of both 

farming systems. The proposed integration of poultry into vegetable production system under the 

Africa RISING is viewed as an alternative to the conventional farming system, through which 

poultry is integrated into vegetable farming with the aim of increasing their productivity and 

household consumption in the District of Babati. 

This study used the gross margin analysis (GM) to calculate the profitability of integrated 

vegetable-poultry production systems in the Babati District of Tanzania. The study also employed 

the logit model to examine the factors influencing the decision to integrate vegetable-poultry 

production systems in the study area. The study was based on a cross-sectional data conducted in 

June 2017 covering households from five villages in Babati District. The total sample of 250 

households out of which 140 were integrators and 110 non-integrators of vegetable-poultry 

production systems was used. 

The results from descriptive analysis reveal that, integrators of vegetable-poultry production 

systems are differentiated to non-integrators in terms of land holding, education level and marital 

status of household head, extension services they get, total income, vegetable yield, and labor 

usage. Integrators have a bigger land size allowing them to diversify into different farming 

activities and are wealthier than non-integrators as their income is higher. Moreover, they are more 
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educated and get more vegetable-poultry related extension services than non-integrators which 

facilitate their access to information on new farming skills and practices. Integrators have greater 

vegetable yield implying that they are more efficient in vegetable production than non-integrators. 

Furthermore, the majority of integrators are married compared to non-integrators and are 

contributing more to unemployment reduction in the study area as they employ more people in the 

process of integrating vegetable-poultry production systems. 

The gross GM results show that both vegetable and poultry farming systems are profitable when 

produced independently. Nonetheless, the profitability from an integration of both farming systems 

can be much higher compared to that of vegetable production alone due to resource cycling in the 

process of production. Based on GM per household, the study finds no significant differences in 

profits obtained by integrators and non-integrators due to small flock size owned by integrators 

(16 birds per household). However, after conducting different simulations, the study concluded 

that, if an integrating household would have at least a flock size of 18 birds, its profitability would 

be more significant than that of non-integrating household. In addition, this study also established 

that, the flock size of 71 birds integrated to one hectare of vegetable farming will produce the 

profits to integrators that are significantly higher than that of non-integrators. Based on the 

findings, the study therefore concludes that, integration of vegetable-poultry is more profitable 

than vegetable production alone, however, the flock size owned matters as the profitability 

increases depending on the flock size.  

Further results reveal that, decision to adopt the integrated vegetable-poultry production system is 

influenced by education level of household head, indicating that educated famers are more likely 

to integrate as education is regarded as a proxy to information. Other factors which considerably 

influenced the decision to integrate vegetable-poultry production systems include gender and 

marital status of the household head, household size, land owned, total income, and awareness of 

benefits from integration. Female headed households are more likely to adopt vegetable-poultry 

integration system because poultry activities are mostly linked to females than males in developing 

countries. The study also finds that, households with off-farm income sources are less likely to 

integrate vegetables with poultry because they concentrate more on those off-farm income 

generating activities for their livelihood. 
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7.2 Policy implications 

 

Table 10. Key findings and policy implications 

Key findings Policy implications 

Vegetable-poultry farming is 

more profitable than 

vegetables only and 

profitability increases with the 

increase in the flock size.  

• Promotion of the existing vegetable –poultry farming 

practices 

• Intensify poultry sector by increasing the number of 

birds/flock size  

• Decrease production costs through improved 

technology adoption such as good agricultural practices 

in vegetable farming. 

Education increases 

integration 

Promotion of informal education and capacity building and 

training through: 

• Farmer field schools 

• Farmer associations/groups 

• Community based organizations (CBOs). 

Land holding increases 

integration 

Using the available land efficiently through promotion of 

initiatives aiming at increasing productivity such as: 

• Availability and affordability of improved seed and 

poultry breed 

• Improved technology within the integration 

 More female household 

heads adopted V-P integration 

and made more profit 

margins. 

• Give females more access to land and resources 

• Empower women so that they contribute in household 

decision making process 

• Support in creation of women cooperatives and groups 

through which they get trainings and capacity building 

Households with off farm 

income access are less likely 

to adopt integration 

• Improve technology and markets to make farming 

beneficial 

• Further research to understand how farmers invest 

their off-farm incomes into agriculture 

Awareness of the benefits of 

V-P integration increases its 

adoption by farmers  

• Provide more vegetable-poultry extension services 

and trainings  

to promote the practice. 
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Table 10 above summarizes the recommendations from the study findings. The study finds that 

vegetable-poultry integration is more profitable than vegetable farming alone and the profitability 

increases as the flock size increases. For smallholder farmers to make significant profits from 

vegetable-poultry production system, they should keep at least 18 chickens. Therefore, 

stakeholders should promote the existing production practices to enable the use of the available 

resources efficiently and intensify the poultry sector as the flock size determines the magnitude of 

profits. This will assist in reducing the cost of production, increasing yield, and consequently 

increased. The study recommends the promotion of farmers’ education and capacity building 

through village community based organizations (CBOs), field schools, and cooperatives to 

improve their knowledge on new technologies that increase their profits. Given the present small 

land holding and the pressure on land due to population increase in Tanzania, the study suggests 

promotion of initiatives aiming at increasing farm productivity. The improved technology within 

integration together with availability and affordability of improved vegetable seeds and poultry 

breeds may play a role in increasing the output and produce the maximum possible in the available 

land. 

Furthermore, the study suggests policy measures that empower women so that they can contribute 

to household decision making and get access to more land and other productive resources. 

Moreover, the creation and empowerment of women cooperatives and groups as well as providing 

more trainings that target women are needed. These will serve as capacity building which will 

increase their level of education and access to information. Since farmers do not reinvest off-farm 

incomes in vegetable-poultry production systems, there is a need to sensitize them to revert this 

behaviour and begin to invest such incomes in this integration. This can be achieved by 

transforming the agricultural system from subsistence to commercial through targeting farm 

technologies and improved markets which may attract more rural households into profit-oriented 

farm production. Consequently, this study recommends further research on rural technology 

adoption and input-output markets to ascertain the earning potentials of vegetable-poultry 

integration. Lastly, the study recommends the sensitization of the communities about the benefits 

of vegetable-poultry integration through trainings and more extension services. 
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APPENDIX 

 

Table 11. Profitability of V-P integration (N=250) 

Variables (in Tsh) Non-integrators (1) 

N=110 

Integrators (2) 

N=140 

t-test (1-2) 

V-P GM per household  327,466 443,717.1 -1.139  

V-P GM per household/16 birds  327,466 479,901.1 -1.482  

V-P GM per household/17 birds 327,466 489,405.8 -1.5701 

V-P GM per household/18 birds 327,466 498,910.4 -1.658 * 

V-P GM per household/19 birds 327,466 508,415.1 -1.7452 * 

V-P GM per household/20 birds  327,466 517,919.7 -1.832 * 

V-P GM/hectare/70 birds 958,407 2,630,002 -1.6476 

V-P GM/hectare/71 birds 958,407 2,639,507 -1.6568 * 

Note: * denote the level of significance of difference in means at 10%  

Source: own calculation based on the data collected 
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Table 12. Maximum likelihood estimates of logit model for V-P integration 

Variables Coefficients Std.error 

Gender of household head (=1 if head of household is male) -1.509 ** 0.653 

Marital status of household head (=1 if married and 0 otherwise) 1.257 ** 0.577 

Household size (number) 0.143 * 0.081 

Education level of household head (years) 0.101 0.062 

Age of household head (years) -0.005 0.014 

Land owned (ha) 0.488 *** 0.178 

Off-farm income (=1 if the household gets off-farm income) -0.864 ** 0.333 

Total income (Tsh) 1.41E-06 ** 6.11E-07 

Credit (=1 if access to credit) -0.075 0.375 

Attending V-P training (=1 if attended V-P training) 0.406 0.334 

Extension (=1 if access to extension services) 0.123 0.347 

Awareness of V-P benefits ( =1 if aware of V-P integration benefits) 1.256 ** 0.595 

Vegetable farm size (ha) -1.956 1.894 

Bermi (=1 if the farmer is from Bermi) 0.279 0.504 

Galapo (=1 if the farmer is from Galapo) -0.895 * 0.485 

Matufa (=1 if the farmer is from Matufa) -0.308 0.482 

Shaurimoyo (=1 if the farmer is from Shaurimoyo) 0.437 0.507 
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Constant  -2.435 1.123 

Number of observation 250  

χ2 0.0000  

Pseaudo- R2  0.1899  

Log likelihood -138.91573  

Note: ***, **,* denote the level of significance of difference in means at 1%, 5% and 10% 

respectively  

Source: own calculation based on the data collected 
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