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Abstract 

 
In Manicoré, one of the emerging hot spots of deforestation in the South 

Amazonas, Successional Agroforestry (SAF) has been promoted since 2008 to 

preserve nature and improve the economic conditions of the small farmers. 

Although positive changes in agricultural practices among some farmers have 

been observed, SAF's economic impact has not proven yet due to the lack of 

quantitative data on their economic activities. Agroforestry is conducted mostly in 

developing countries. Due to the unavailability of reliable data, few studies were conducted 

on the economic impact. Even when economic analyses were conducted, annual income data 

were obtained by a single round (or a few times) of interviews. Therefore, it not only casts 

doubt about the accuracy of data but is unable to capture yearly cashflow, wherein SAF’s 

contribution can be measured. This study collected detailed quantitative data by a one-year 

diary survey to investigate the hypothesis that SAF in Manicoré contributes to the household 

economy and to examine the factors influencing the adoption of SAF and income for better 

intervention.  

The results showed that the SAF-farmers had significantly higher annual income, 

more stable monthly income, mitigated damage by weather-related events and price 

fluctuations, and less expense on food purchase than the NON-SAF farmers. The SAF 

farmers have more acquaintances who conduct SAF than their NON-SAF counterparts, while 

age, years of education, family size, tenure, and assets did not show significant differences 

between the two groups. However, the disparity in income between the SAF farmers was 

substantial, suggesting that income does not rise by merely adopting SAF. The comparison of 

the two groups of the SAF demonstrated that the upper income had a smaller size of SAF 

cultivation than the lower income, but higher domestic labor capacity and more agricultural 
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machines, although the adoption of SAF was found not to require these resources. Moreover, 

the upper income group was negotiating more with middlemen on the price of crops than the 

lower income group. 

So far, the local government or NGOs support the small farmers by focusing on 

cultivation techniques through the SAF project. These results suggest that additional 

intervention for increasing productivity for cultivation and improving sales skills for making 

SAF more profitable would be effective to achieve sustainable development in the Amazon 

area. 

 

Keywords: Agroforestry, Successional Agroforestry, Amazon rainforest, Amazonas, 

Economic analysis 
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1 INTRODUCTION 

1.1 Amazon and deforestation 
 
Climate change has become one of the most urgent issues which international society should 

tackle with collective efforts. IPCC 5th Assessment Report pointed out that about a quarter of 

anthropogenic greenhouse is emitted from Agriculture, Forestry, and Other Land Use 

(AFOLU), which is mainly from deforestation and agricultural emissions from livestock, soil, 

and nutrient management. FAO indicated that between 2010 and 2015, the average net loss of 

the forest in the world was approximately 3,308,000 ha/year. The biggest loss happened in 

Brazil, with an average of 984,000 ha/year, which is responsible for 29% of a total loss. 

(FAO 2015). According to Amazonas Sustainable Foundation(2015), in 2010 Brazil 

possessed 519,520,000 ha of forest, and 354,390,000 ha were covered in the Amazon area. 

This meant that Brazil held one-third of the world’s rainforest and allowed the country to be 

proud of the wealthiest biodiversity worldwide. Preventing deforestation in the Brazilian 

Amazon is one of the essential keys to the world’s struggling mitigation against climate 

change. 

In general, mass deforestation in the Amazon area has resulted from road building, 

extractive logging, pasture development, large-scale industrial agriculture, and bush fire 

(Angelsen et al.2012).In addition, one of the crucial factors that escalates these aggravations 

is the increased outflow of the rural population who seek opportunities for more cash income 

to cities . In the south of Amazonas state, which is the research area of this study and one of 

the emerging hot spots of deforestation, small scale abandoned farmlands have been 

substituted by ranch (Pontes 2016). According to Sadamori (2017), traditionally, local people 

living in harmony with natural resources, depending on their lives heavily on rivers and 
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forests, have been functioning as “Forest guardians.” They are generally very cautious about 

possible destructive developments in their areas since they will be the first and most severely 

affected victims by a loss or damage to natural resources if they are to happen. Therefore, the 

presence of local people itself somehow can hinder developers or loggers from exploiting 

nature. Therefore, the loss of these ‘Forest guardians” as a result of the migration of local 

farmers to cities for economic necessity increases vulnerability against deforestation.  

Given these situations, successional agroforestry (SAF) has been promoted in several 

places in the Amazon with an expectation of achieving both forest conservation and 

improvement of small farmers ‘economic conditions. (Sadamori 2011, Yamada 2005, Blinn 

et al.2013). This paper examines the case study of Manicoré in the South Amazonas, where 

SAF has been promoted since 2008. 

1.2 Agroforestry and Successional Agroforestry  

1.2.1 Agroforestry and its potential  
According to the world-leading expert of agroforestry Professor Nair, agroforestry is defined 

by two fundamental characteristics (1993, pp13-14): “the deliberate growing of woody 

perennials on the same unit of land as crops and/or animals, either in some form of spatial 

mixture or sequence” and “having a significant interaction (positive and/or negative) between 

the woody and non-woody components of the system, either ecological and/or economical.” 

He also mentioned that agroforestry aims to bring an increase in productivity and 

sustainability compared to mono-cultural agriculture. Increasing attention has been paid to 

agroforestry recently for its possible contribution toward multi-field solutions such as rural 

development, forest management, mitigation or adaptation for climate change, land use, and 

biodiversity protection. 
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IPCC’s special report on land (2017) states that desertification, land degradation, and 

food security are the main land-related problems that climate change possibly affect severely. 

In the report, 28 possible global response options for land management are evaluated from 5 

aspects: 1) Mitigation, 2) Adaptation, 3) Desertification, 4) Land degradation, and 5) food 

security. Among all the options, only three options are evaluated as having significant large 

positive impacts in all five aspects:1)Increasing food productivity,2)Increased soil organic 

carbon content, and 3)Agroforestry. In terms of the cost for each option, agroforestry is 

evaluated to require the lowest cost. In particular, the following positive influences are listed 

as agroforestry’s contribution.  

●  Increasing carbon sequence in soils and biomass 

● Improve water and nutrient use efficiency  

● Create a favorable micro-climate for crop production  

● Curb GHGs emission of CO2 ,NH4,and N2O, 

● Increase biological N2O fixation → less fertilizer necessity 

● Improve soil structure & water holding capacity → lower rate of erosion  

● Improve food security through increases in productivity and stability  

● Provide economic, ecological, and social stability through diversification of species 

and productivity 

1.2.2 Agroforestry in Brazil  
In Brazil, the systematic agroforestry was introduced and disseminated by descendants of 

Japanese immigrants in the east Amazon area of Tomé-açu in Pará state, in the process of 

trying to diversify products after severely getting hit by the great crash of the price of peppers 

(Nishizawa et al. 2005). They explored alternative ways after having experienced destructive 

damage caused by the severe disease on the monoculture practice of black pepper. According 

to Yamada (1999), Japanese farmers traditionally tend to utilize their limited land to the 
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fullest in an effective way. Their agriculture is considered to be more resource-intensive than 

pastures requiring low productive vast land that many European immigrants have conducted. 

This farming method was developed with a combination of traditional Japanese agriculture 

and traditional local home garden in the Amazon and with emphasis on time-series 

profitability (Sadamori 2011). Now it is called “Sistema de agroflorestal de Tomé-

açu(SAFTA) (Sadamori 2017) and broadly recognized as sustainable agriculture method 

domestically and internationally. In 2010, the agricultural “cooperative by the Japanese-

Brazilian Mixed Agricultural Cooperative of Tomé-Açu (CAMTA) “received the National 

Award for Regional Development by Brazil's president for its contribution to the local 

economy and environment. This methodology has been introduced to Manicoré, as the 

Japanese NGO invited a trainer from Tomé-Açu, and groups of farmers in Manicoré visited 

Tomé-Açu several times since 2008. 

1.2.3 Successional Agroforestry (SAF) and its potential  
SAFTA is considered a type of Successional Agroforestry (SAF). SAF is a farming method 

of planting woody perennials and crops, mimicking natural plant succession (Figure1-1). 

Natural plant succession of secondary forests means the natural process of reforestation after 

a major disturbance such as wildfire of primary forest. First, pioneer species that are tolerant 

of high UV radiation and poor soil quality grow. As environmental conditions such as light, 

topsoil temperature, and moisture, and nitrogen cycles change, secondary species like annual 

herbaceous plants appear, followed by perennial plants. At the next stage, non-shadow-

resistant trees start growing, providing shadow for shadow-resistant trees that are dominant in 

climax forests(Yong 2017). By applying SAF, farmers try to mimic these functional 

characteristics of natural succession stages to promote tree-growth and crop productivity, 

creating forest ecosystems intentionally. 
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According to Jastrow et al.(2007), native vegetation of almost all terrestrial 

ecosystems is dominated by perennial plants, and the belowground carbon allocation of these 

perennials is a key variable in determining formation rates of stable soil organic carbon. 

When perennial vegetation is replaced by annual crops, inputs of root-associated carbon 

decline substantially. For example, perennial grassland species allocate around 67% of 

productivity to roots, whereas annual crops allocate between 13-30% (Saugier 2001, Johnson 

et al.2006). Having more perennial plants in cropland, which is conventionally dominated by 

annual crops, is a key for reducing the loss of soil organic carbon. Yong (2017, p179) 

introduces the concept of SAF: “(SAF) integrates indigenous knowledge of intercropping 

multi-purpose subsistence species, modern agroforestry techniques, and assisted natural 

regeneration to emphasize biodiversity, and the use of ecological succession to establish a 

productive forest system.” It is also insisted that SAF can be used “as a transitional phase in 

restoration that simultaneously helps provide for human livelihoods, reduces the initial costs 

of restoration, and extends the period of management of restoration.”  

 
 

 
 
 
 
 
 
 
 
 
 

Figure  1-1:Illustration of natural succession of forest (Gietzen 2019). 

1.2.4 SAF in Manicoré     
The model combination that has been promoted in Manicoré is as follows. (Sadamori, 2017) 

(Figure 1-2) 
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● Short-term crops (harvested within a few months, one-time harvest only): Cassava, 

maize, watermelon  

● Perennial mid-term crops (harvested within a half year around, available for a few 

years): Banana, pepper, passion fruit  

● Fruit (harvested after a few years, available for long term): Cacao, acai, cupuassu 

● Forest, non-timber products (harvested after a few years, available for longer-term): 

Brazil nuts, andiroba (extracted oil), rubber  

● Trees for timber (Available after 7-decades): Teak, mahogany, cedro 

Figure  1-2:Farms in Manicoré. The first year of SAF with banana, acai, cupuassu 
planted after opening the land (Left). A matured farm with pepper, passion fruit, acai, 
brazil nuts, and trees for timbers etc.(Right) (Pictures taken by the author)  
 
 

While agroforestry functions well in Tomé-açu, the eastern Amazon, it is not popular in the 

west because of the absence of pioneers and promoters (Sadamori 2011). Besides, due to the 

influence of traditional indigenous culture, local people were not familiar with planting trees 

and having middle to long term plan to generate livelihood by agriculture. Since the promotion 

of SAF started in 2008, it has been newly pervading the practice of preparing seedlings for 

planting and the concept of having a plan for agriculture for better livelihood. 
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 Yamada (2005) and Sadamori (2017), who are familiar with SAFT in Tome-acu and 

Manicoré, explained the following positive impact that SAF possibly provides. 

-Environmental impacts   

● Positive effects of nutrition/water on the soil, which can reduce the necessity for 

fertilizer (At the first stage, successional species can utilize the nutrition from 

previous species, and at latter stage matured nutrition cycle in an ecosystem is 

increased)  

● Reduction of disease risk compared to monoculture practice that can reduce the 

amount of pesticide 

● Helping reforestation (about 1,200 trees/ha planted) 

● Higher biodiversity than mono-crop agriculture practice 

-Socio-economic impacts 

● Income is available in the short-term, middle-term, and long–term at the same plot, 

enabling farmers to settle at one place, instead of conventional nomad style with 

swidden practice 

● Stabilization of income by dispersion of risk against disease, disaster, and change in 

market price, with a combination of various crops/products  

● Contribution to food security by providing various food for self- consumption 

● Higher profitability per hectare compared to swidden practices or pastures 

● Higher local employment creation capacity  

 

According to Sadamori (2017), the economy boosts by monoculture crops in the Amazon 

area in history such as rubber and black pepper, always ended up with farmers suffering from 

the damages of devastating diseases or price fluctuations in the international market. 

Considering the positive impacts listed above, SAF possibly contributes to a sustainable 
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livelihood in rural areas, environmentally and socioeconomically. As mentioned earlier, 

while many organizations and researchers have suggested various positive impacts of 

agroforestry including SAF, the dissemination is not easy, and there have been many cases 

that farmers have failed to continue its practices (Otsuki and Ogo 2010).  

 In the case of Manicoré, even though there have been changes emerging among 

people in the concept of agriculture; still, only a limited people are practicing SAF even after 

many seminars conducted by NGOs and local governments for the last ten years. Given their 

efforts, nowadays, many farmers have already heard about SAF and have some interests; 

however, they still feel barriers to implement it in real. Generally speaking, farmers are 

relatively conservative for introducing new agricultural methods, since the failure of 

production may mean losing everything to them (Sadamori 2017). Besides, agroforestry 

requires more time and effort to learn and implement than monoculture practice. Therefore, 

strong incentives, especially financially, are necessary for them to decide not only to adopt a 

new method but also to continue implementing it (Martinelli et al.2019)  

1.3 Preliminary fieldwork and research gap  
Now the question is how and how much actually SAF contributes to household economy in 

Manicoré. In 2016, I conducted a preliminary fieldwork to understand the local situation and 

tried to find quantitative income data of farmers. However, it was revealed that none of the 

departments of municipal and none of NGOs or organizations working there did have any 

quantitative data on the income of rural farmers. Neither none of farmers of all the 18 

interviewed had any idea on how much they earn yearly from selling agriculture crops. 

Several officers explained that agriculture in this area is very responsive to climate events 

such as rains and dryness, and it causes frequent changes in price and yield, making it 

difficult to estimate actual income. In effect, the record of unit price of banana from January 

to July in 2016, which one of the farmers who used to work in Manaus kept, revealed the 
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significant fluctuations of unit price in 7 months, 190 % of change from 35 BRL to 18 BRL. 

Moreover, farmers in this area usually do not have direct market access due to the geological 

isolation and transportation limitation, forcing them to depend on middlemen who drop by 

their residents. There is an enormous number of middlemen from large to small scale, who 

offer different prices, making it difficult to get the picture of real market prices at the farm 

gate level.  

 Although most organizations working in this area also wanted to acquire quantitative 

data for better understanding or for the evaluation of their project, it had been impossible due 

to the lack of resources and capacities to collect such data. Having quantitative economic data 

of rural farmers has been a mutual challenge for organizations working in this area. 

1.4 Literature review  

As more and more attention has been paid to agroforestry in recent years for its possible 

contribution toward multi-field solutions, much research in various areas has been conducted. 

Nevertheless, predominant studies are focusing on natural science areas such as carbon 

absorption or biodiversity, and agriculture science such as soil analysis and farm 

management. Martinelli et al. (2019) also claimed that many studies of agroforestry deal with 

the biophysical and technical aspects of agroforestry systems. On the other hand, research on 

the economic impact of agroforestry is still limited.  

Scherr et al. (1991）pointed out that since currently most of the agroforestry practices 

are conducted in developing countries, the insufficiency of trustable income data in quantity 

and quality makes economic analysis of agroforestry difficult. Martinelli et al.(2019) insisted 

that an increasing number of studies assessing the economic value provided by marketing 

ecosystem services such as Payment for Ecosystem Services (PES) for agroforestry are 

insufficient to encourage the farmers, and the detailed information of the economic 

performance of agroforestry is needed for promoting the adoption of the practice.  
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Though it is still a smaller volume, several studies discuss influencing factors on the 

adoption of agroforestry or the income by agroforestry farmers. Pattanayak et al.(2002) 

examined 32 studies on the adoption of agroforestry technology and found out that soil 

quality, plot size, tenure, and assets are statistically influential for decision-making. Blinn 

(2013) claims that land size, family size, and social participation are influential. Regarding 

the influencing factors on income, education (Safa 2005, Phandanouvong 1998, B.D.Zira 

2020 ), land size ( Sadeghi .2001, Safa 2005, Safa 2004, B.D.Zira 2020 ) and family size 

( Safa 200, Phandanouvong 1998, B.D.Zira 2020 ) are often listed. Most studies demonstrate 

that agroforestry farmers' annual income is higher than the control group. However, most 

researches dealing with the economic impact of agroforestry use only the annual income 

calculated by single round (or a few times) interviews (Cedra et al.2012, Blinn et al.2013, 

Safa 2005, Neupane 2001, Hughes 2020). Considering the diversified crops that agroforestry 

is supposed to provide and the informality of small farmers' economic activity in developing 

regions, the accuracy of data remains questionable. Furthermore, cash flow through a year, 

which is critical for smallholders who often have little savings, cannot be captured by the data 

of annual income only. We also need to examine the variation across months, especially in 

the area having drastic seasonal changes in a year, such as intense dry and rainy seasons.  

1.5 Research question 
This study aims to investigate if SAF in Manicoré contributes to the household economy 

regarding 1) income1 increase and stabilization, 2) mitigation of possible damages by 

weather-related events or price fluctuations, and 3) food security empirically. Also, it also 

examines 4) the factors influencing the adoption of SAF and the income for a deeper 

understanding of economic activities in general for better intervention in the future. 

 
1 In this thesis, the term “income” refers to revenue from crop sales  
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For achieving the objectives, quantitative data on SAF's financial performance is 

essential, but an estimation of annual income by a one-shot interview is not feasible for 

farmers in Manicoré due to the frequent fluctuations of prices and yield, especially for 

farmers who conduct SAF. Therefore, I decided to collect monthly quantitative data of each 

farmer through a whole year in order to conduct a detailed analysis of the impact of SAF on 

the household economy and the influencing factors on the adoption of SAF and the income. 
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2  Research area  
The target area of this research is the state of Amazonas, which is located in the west of 

Brazil and possess the biggest rainforest area, about 45% of the Brazilian “Legal Amazon” 

(Viana et al.2008)   

2.1 Legal Amazon  
"Legal Amazon" in Brazil consists of 9 states located in the north part of the country. The 

area covered stretches at about 5.2 million ㎢, which represents 51% of Brazil's land. 

(Brazilian Institute of Geography and Statistics (IBGE) 2012). According to the National 

Institute for Space Research (INPE), by 2018, It is estimated that 17.3% of forest cover has 

been lost compared to the estimated forest cover of pre-1970. Due to the lack of access to the 

big cities in the southern area, the primary forests in Amazonas so far has been protected 

compared to the surrounding states. According to the data provided by INPE updated in 

December 2019, accumulated deforestation in Amazonas state was 26,959㎢ (6.04% of total 

forest area ), while neighboring states  Pará state and Mato Grosso state, which have access to 

the south directory, having 152,165㎢(34.12%) and 146,142㎢ (32.77%)  of deforestation 

area respectively. However, given the recently improved condition of roads, the rate of 

deforestation in Amazonas has been growing. Among the nine states, only two states showed 

the increase in the deforestation rate between 2004-2019, which are Roraima state and 

Amazonas state with an increase of 98% and 15%, respectively.  Though Pará state and Mato 

Grosso state still have the biggest loss of forest in the county, the rate of deforestation started 

decreasing with -56% and -86% each. Considering the size of the forest area of Amazonas, 
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which is nine times of Roraima, the risk of increasing deforestation in Amazonas is becoming 

a risky threat to the attempt for the conservation of the Brazilian Amazon. 

 
 
 
 
 
 
 
 
 
 

 
 

 
Figure  2-1 : Map of “legal amazon” in Brazil (Cabral et al.2018) 

2.2 Amazonas state  
 
Geography & gap  
Amazonas state is located in the northwest part of the country. According to the IBGE 

database, land area is 1,559,168.117 km²(2018), being the country's biggest state that 

accounts for 18% of Brazilian territory. The population is 4,144,597(2019), which accounts 

for only 2% of the country with a population density of 2.23 /㎢ (the national average is 

22.43/㎢). It is one of the most thinly populated states. The capital city, Manaus is located in 

the eastern part of the state, possessing 52% of the total population of 2,182,763 in less than 

1% of the total state land, which indicates an overconcentration of people in the capital city. 

As can be predicted, Manaus has characteristics that are in sharp contrast to the other 61 

municipalities as table 1.1 shows. In fact, Amazonas state is one of the poorest states in 

Brazil, having about 53% of the population living under half of the World Bank’s poverty 

line (1.90USD) outside of the capital city, Manaus (Marta et al.2015). 
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Table  2-1:Demographic data of Manaus and other 62 municipalities in Amazonas state 

 
Source: IBGE (https://www.ibge.gov.br/cidades-e-estados/am.html downloaded on 10th July 
2020)  
 
Deforestation in Amazonas state  
The recent rapid increase in deforestation in Amazonas is happening in the south of the state 

concentratedly. Pontes (2016) insists that it was caused by the expansion of ranch and soy 

production of neighboring states Mato Grosso, Rondônia, Acre. He explains that there are 

basically three patterns of the expansion: 

1. Small scale abandoned farmland being substituted by ranch 

2. Expansion of ranch and logging by immigrants from neighboring states along with the 

BR 364 and BR317 (BR: Trans Amazonian Highway) 

3. Expansion of grains with advanced technology and business investment 

Given this situation, in 2017, three municipalities in south Amazonas, Apuí, Manicoré, and 

Nova Aripuanã, are added to the list of “municipalities for actions of prevention, monitoring, 

and control of deforestation” by the Federal government. Manicoré, one of the frontiers for 

deforestation fighting, is this study’s site.    

2.3 Case study: Manicoré      
 
Geography & Population  
Manicoré is located in the south of Amazonas state. The direct distance from Manaus is 332 

km; however, it is usually necessary to travel about 600 km by river on which most of the 

transportation is dependent (Figure 2-2). In fact, Trans-Amazonian highway connect Manaus 

Table 1-1 

 Manaus  Mean of  61
municipalities Difference 

Population [2019] 2,182,763 32,161 67 times 
Population density [2018] 158.06 3.03 52 times 
MHDI(Municipal human development index) [2010] 0.74 0.56 1.3times 
Realized revenue - R$ (×1000) [2017] 4,743,520.97 68,142.43 69 times 
GDP per capita - R$ [2017] 34,362.71 9,686.41 3.5 times 

SD
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and Manicoré by about 1000 km of drive, but it has been abandoned and the condition of road 

makes it not available in most of a year. As the state of Amazonas having no route by land to 

other parts of the country, intra-state transportation is also very limited with huge dependency 

on rivers. Manicoré is based along Madeira River, the biggest tributary among over 1000 

tributaries in the Amazon area with 3,520 km in length. Madeira river is famous as a typical 

“white river (Rio Branco) “that provides very nutritious water, which is very beneficial to 

farmers living nearby the river. Madeira River is also geopolitically important by connecting 

two big capital cities, Manaus of Amazonas state and Port Velho of Rondônia state. Being in 

the middle of these two important cities, Manicoré is one of the core cities in this area.  

 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
Figure  2-2: Location of Manaus and Manicoré 

Source: Rainer Lesniewski / Shutterstock.com (Edited by the author) 
 

IBGE database shows that the size of Manicoré is 48.315,021 ㎢ , which is approximately 1.2 

times of the total area of Kyushu in Japan. It is quite a large municipal, being 18th in size 

among 5,570 municipals in the country. Such a vast land only possess  55,751 residents 

(2019)with 0.97/ ㎢ density. It is one of the sparsest areas in Brazil. According to the 

Department of Agriculture in Manicoré, about one-third of the population lives in the city of 
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Manicoré, and the rest live in the countryside extremely sparsely, where very little basic 

infrastructure is established yet. Since there is no cellphone signal in the countryside, it is 

almost impossible to communicate with them unless you visit them. Without any roads giving 

access to the countryside from the city, boats on the rivers are only transportation available 

for people in the countryside. The transportation cost is very high, since boats require more 

fuel than cars, for instance, boats with 40 km/h motor requires 7-8 times of fuel than cars 

with the same speed. Due to the cost and the time, the movement of residents is very limited 

in the countryside. 

 
Economy  
GDP per capita of Macnicoré is 9,065. Rs(Equivalent to 1,691USD)2 (2017), which is about 

37% of Manaus. It is slightly higher than the state average of 7,074.49Rs. However, there is 

persistent doubt if this figure correctly reflects the reality, because the majority of farmers in 

the remote area do not pay any tax or register the income in the official system. This figure 

possibly represents more of the reality of residents in Manicoré city. IBGE reported that only 

3.7% of the population is with jobs that are officially registered (2017) and that 49.8% of the 

population receive less than half of the minimum wage monthly (2010).  

2.4 Current situation in Manicoré      
 
Loss of “forest guardians” 
According to Pontes (2016), Manicoré is one of the areas that suffers from “small -scale 

abandoned farmland being substituted by ranch” and “expansion of grains with advanced 

technology and business investment.” The increased outflow of rural populations seeking 

opportunities for more cash income in more industrial areas aggravates the deforestation 

 
2 It was calculated using the exchange rate of 1st July 2020 provided by 
OANDA.(https://www1.oanda.com/lang/ja/currency/converter/) 
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situation in Manicoré (HANDS 2010). In fact, Brazil has various laws against logging that 

might cause significant damage to the environment, having received international pressure 

after catastrophic deforestation in the past in the Amazon. However, regulation by law 

becomes valid only with an adequate monitoring system. As mentioned, the size of 

municipalities in the Amazon is so vast and sparse that the power of law does not function 

effectively for regulation purposes with limited resources. Therefore, as explained in the 

section 1.1, the loss of “Forest guardians ”caused by economic necessity increases the 

vulnerability against the escalation of deforestation (Sadamori 2017). The colored area in 

Figure 2-3 shows the tree canopy loss since 2000 in the neighboring area of Manicoré at the 

year of 2005 and 2019. The expansion of canopy loss in this area can be observed.  

 
2005                                                                  2019 
  
 
 
 
 
 
 
 
 
 
 
Figure  2-3: Loss of tree canopy compared to 2000,  Source: 
https://www.globalforestwatch.org/(downloaded on the 22nd June 2020)  
 
Changes in swidden practice  

People in Manicoré traditionally have engaged in small-scale (1-2ha) swidden practice 

(Sadamori 2011). When the vast bush fire in the Amazon caught international attentions in 

August of 2019, some media claimed that swidden cultivation to open land for agriculture 

had caused the fire.  However, in fact, swidden practice in small-scale has been successful in 

sustainable land management historically when accompanied by a sufficient fallow period 

Manicoré Manicoré 
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(Sadamori 2011 and  Padoc et al.1985)3. However, people began to abandon the nomad 

lifestyle and started to live on settled land when the individual land possession system started. 

Then, the fallow period became shorter in order to utilize the limited land to its maximum 

potential. The insufficiently short fallow period causes the degradation of soil, which results 

in lower productivity in cultivation and lower income for farmers. As a result, more people 

are forced to go to the city for better income opportunities to survive（HANDS 2010） 

 
New challenges   
From the interviews and observation of the preliminary field research, it was discovered that 

farmers in Manicoré have been facing new problems. Weather-related events, possibly the 

impact of climate change such as floods, drought, and unusual patterns of rain, are happening 

more frequently and causing greater impacts. For instance, a historically huge flood occurred 

in 2014 and destroyed almost all the crops in riverside. It is normal in this area that the water 

level changes by 20-30m between the rainy season and the dry season. Local people have 

learned well how to adjust themselves to such a dynamic environmental change by living in 

high-floored houses or changing the timing for planting or harvesting. However, in 2014, the 

water went up much higher than standard years and remained high for about four months, 

which was very unusual. Normally, even if a water level rises, it goes down in one month or 

so. Many houses in the riverside were flooded, which forced people to live in boats or to 

move to the cities for a while and caused devastating damage to houses, including appliances 

or furniture. The farmers reported that it also damaged almost all crops in the riverside, 

including water -resilient crops such as acai and cacao that could survive usual small-scale 

floods. 

 
3 *Large-scaled burning for mass logging or mass industrialized agriculture causes destructive damages on the ecosystem. It 
is important to distinguish the types of burning. 
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In other years, people suffered from an increased risk of drought.  In 2016, according 

to a local farmer, they did not have rainfall for about 60 days in a row in the dry season. The 

local newspaper “Rede Amazonica” reported that Madeira river recorded the lowest water 

level in the last 48 years. It dried up many young seedlings. In general, as the weather 

becomes excessively dry, the number of executions of swidden cultivation increases since it 

gets more challenging to grow crops. Besides, the drier the weather gets, the more likely the 

farmers fail in burning practice, making more area than expected burnt. According to old 

farmers, it was neither the temperature was as hot as now, nor the water level went so low in 

the past, even in dry seasons. A scientist of Center for Weather Forecasting and Climate 

Research explained to Mongabay, a nonprofit conservation and environmental science news 

platform, that eight of the ten driest rainy seasons in Brazil’s northern region recorded since 

1962 happened after the year 2000.  Further, he reported that a significant sign of a reduction 

in the rain through the years was observed.  

Another urgent problem in this area is the rapid increase of illegal gold mining in the 

river. According to local people, it started increasing in around 2010, and the number of 

people engaged jumped up drastically after 2014. They use mercury in the process of 

extracting gold, which is highly toxic to the environment and human and now is 

internationally regulated.  Traditionally, most people in the countryside heavily depend on 

protein intake on fish consumption. The research conducted in Humaita, a municipality next 

to Manicoré, shows that 75% of 120 samples had hair-Hg levels above 10 mg/g (Oliveira et 

al.2010). Considering the amount of 0.05 mg/g that the World Health Organization sets for 

health alert, a concern of mercury pollution in the rivers is increasing. Illegal gold miners are 

coming from their own municipality and outside neighboring states, or even neighboring 

countries such as Columbia. Some groups from outside are equipped with big rafts and 

advanced machines, while locals tend to have smaller and simpler equipment. Usually, they 
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operate mining by hiring temporary workers for 2-3 weeks each time. The majority of local 

people who are engaged in illegal gold mining are these temporary workers. 

 Gold mining is basically available only in the dry season when the water level is low. 

These temporary workers are farmers at the same time, and they work for gold mining several 

months in a year to supplement their income. As more and more people devote themselves to 

illegal gold mining, the industry structure in Manicoré has been changing. A cooperative 

group was established for gold mining, and a shop for exchanging gold for money was 

opened at the main street of the town. Brazilian Institute of the Environment and Renewable 

Natural Resources (IBAMA) and Chico Mendes Institute for Biodiversity Conservation 

(ICMBio) have been tackling illegal gold mining for a decade; however, the number of 

miners keeps increasing. In October 2017, in Humaita, a group of gold miners set the 

building of IBAMA and ICMBio on fire for protesting after the IBAMA and ICMBio seized 

rafts of illegal gold mining, burning some of the rafts. In interviews with a local TV, one of 

the gold miners insisted that it is the only way for him to earn enough cash for his family and 

that the government should provide alternative means if they want people to stop gold 

mining. Working in gold mining requires a few weeks or months to stay isolated in small and 

noisy rafts without any communication means. In preliminary fieldwork,  several farmers 

confessed that they do not like the work of illegal gold mining since they are worried about 

their families remained in villages, but they had no other choices due to financial necessity.  

 
Cut the vicious cycle  
All the 18 farmers interviewed in the preliminary research expressed their unwillingness to 

migrate to cities or pollute the river. They are eager to keep living with the forest and river 

that they are so familiar with. Many people told us that they feel stress living in cities. 

However, the influence of the cash economy has been prevailing even in the middle of 

amazon. Now they also need cash to get access to necessary medication or proper education 
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for children, which they think are necessary for the quality of life. They are even not 

favorable when people outside strongly claim conservation of the Amazon forest.  They insist 

that they also have the right to utilize their land for increasing their income. 

To sum, un-sustainable swidden practice decreases soil fertility, which lowers the 

productivity and income of farmers. It makes people functioning as “Forest Guardians “to 

migrate to cities for better income to survive, aggravating vulnerability against deforestation. 

Consequently, the impact of climate change increases, causing more weather-related events 

such as floods, drought, and unusual patterns of rain, which drives more and more people to 

choose to migrate to cities or going for illegal gold mining. To end this vicious cycle (Figure 

2-4), it is necessary to have a sustainable management system that enables small–scale 

farmers in rural areas to earn enough cash income through environmentally friendly 

agricultural practices so that they are not to be forced off their land or go for illegal gold 

mining due to financial necessity. Given this situation, the Department of Agriculture started 

the promotion of successive agroforestry since 2008 with the cooperation of a Japanese NGO, 

a local NGO, and government bodies such as the Executive Commission for Cocoa 

Cultivation Plan (CEPLAC).  
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Figure  2-4: Diagram of vicious cycle happening in Manicoré (drawn by the author)   
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3 Methodology  

3.1Research approach  
For investigating the research question, this study employed principally a quantitative data 

analysis approach using the data obtained from the one-year diary survey. One-year diary 

data collection is expected not only to improve the accuracy of the data but also to reveal the 

income structure and monthly variations throughout the year, which could not be picked up 

by conventional single-shot surveys. Diary-based data collection was considered not feasible 

in the Amazon so far due to the high illiteracy and the remained influence of bartering 

culture. However, as the better education system has been established in the last few decades, 

literacy rate dramatically improved and selling crops as a business became common. The new 

methodology for bringing out the reality in the Amazon area was worth trying. The data was 

collected by monthly visits of a group of enumerators and I who assisted farmers for 

recording. 

3.2 Survey design  
Two types of questionnaires were used:1) One-year diary questionnaire for daily activities 

and 2) One-shot survey questionnaire for non-time-sensitive general information.  

 

1) The one-year diary questionnaire was developed with the cooperation of local NGOs and 

the Department of Agriculture of Manicoré. After having found in preliminary fieldwork in 

2016 that the frequency of sale and purchase activities of farmers is quite low in this study 

area, I decided to apply this method. The questionnaire was finalized after two pilot tests in 

May-June 2017 and January-February in 2018 (Table3-1). The questionnaire was comprised 

of questions on income from crop sales, income from other activities, expenses on agriculture 

(for materials and labor), food purchase, self-consumption, and planting. The biggest 
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challenge of this survey was if farmers can keep the record properly for a year, especially for 

older generations who have difficulties in reading and writing. Even given the regular 

assistance, the questionnaire should be as simple as possible so that they can keep recording 

without trouble. Therefore, I made the questionnaire in such a form that they only need to 

check the boxes or put numbers basically. The farmers were asked to keep the record on the 

questionnaire provided, and the content was checked at regular visits and transferred to the 

tablets. The contents of the questionnaire are as follows. (See APPENDIX A) 

 

Section1: Income  

1. Agriculture sale/ Date, Type of crop, Location, To who, Quantity, Price  

2. Other activity/Date and period, Type of activity, Price  

Section 2: Expense 

1. Agriculture material /Data, Type and objective, Quantity, Price 

2. Labor/Data, Type and objective, Quantity, Price 

3. Food purchase/Data, Items, Location, Price  

Section 3: Self -consumption  

   ・Type of crops and quantity of self-consumption for a week 

Section 4: Planting 

・Date, Type of crop, Location, Quantity     

*Except some numbers (date, quantity, and price), name of the crop for sale, and objectives, 

all are provided by single/multiple choices. 

 

2) One-shot survey for non-time-sensitive general information was also developed separately. 

It was composed of 9 sections, mostly with multiple choices or numbers. The survey was 
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conducted in interviews, generally taking 40 minutes to 1 hour per person. The followings are 

the contents. (See APPENDIX B) 

1. General information (Age, sex, community, education)  

2. Family members (Number, age, domestic labor for agriculture, families outside, 

education history for children)  

3. Agriculture (Knowledge and experience of SAF, training experience, SAF neighbors, 

type, size and status of land 

4. Variety of crops in the field (not necessarily for sale)  

5. Damage of the flood in 2014 and the drought in 2016  

6. Marketing (Number of middlemen, information source on prices, negotiations with 

middlemen, agriculture loans,) 

7. Expense (gas, gasoline, communication, transport, education, health, leisure) 

8. Possession (Transportation means, communication tools, agriculture machines and 

infrastructure, home electronics, live stocks)  

9. Preference of life (Countryside or city, agriculture or non-agriculture for a living)  

Table  3-1:Timeline of activities 

3.3 Data collection  
One-year diary data were collected from April 2018 to March 2019, and one-shot interviews 

were conducted from November 2018 to March 2019 (Table 3-1). Monthly visits for 

Period Activities

 August (2016) �Preliminary research 

 May-June(2017) and January-February(2018) �Pilot test for questionnaire

August, September, and November (2018) 
�Explanation sessions at the training organized by NGO
� in Manicoré

December(2017)- March(2018) �Individual visit 

January - March (2018)
�Explanation session at three communities for asking the
    participation of NON-SAF farmers

April (2018)-March (2019) �One-year diary survrey 

 November (2018) to March( 2019) �One-shot survey 
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checking and collecting diary data were the most critical and challenging part of this survey. 

For facilitating the operations, I hired four personnel for research implementation: three 

agriculture extension workers from the Department of Agriculture in Manicoré and one local 

NGO leader. As repeated, farmers live very distantly and sparsely with no communication 

means, making it almost impossible to make an appointment. Even municipal officers do not 

have much information on the specific locations of residents in remote areas. Moreover, a 

boat, which is the only transportation means, is highly dependent on the water level that 

changes by 20-30 meters throughout a year, and it hinders the boat from reaching some 

villages depend on the conditions. This complexity and unpredictability of natural factors 

make visits to farmers ‘homes itself very challenging. Besides, in general, farmers usually do 

not have much contact with outsiders, and they are cautious to visitors from outside. It also 

happened several times that some researchers and politicians visited them for research 

purposes but never returned for sharing feedback or result, which made local farmers feel 

suspicious. Therefore, it was critically important for the data collection that the research team 

had the staffs who have abundant knowledge of local geography and good long-term 

relationships with local farmers.  

3.4 Target and sampling  
In order to examine the effect of SAF and influencing factors on income, I collected data 

from 1) farmers conducting SAF (SAF farmers) and 2) farmers not conducting SAF(NON-

SAF farmers).  

Sampling  

1)SAF farmers  

Farmers who understand the concept of SAF and continue implementation intentionally are 

basically only those who participated in training and have been followed up by NGOs and the 
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Department of Agriculture. Thus, SAF farmers we interviewed were referred by them. They 

live scattered in more than 16 communities.  

 

2)NON-SAF farmers  

At first, the attempts were made to collect NON-SAF farmers living in the same communities 

of SAF farmers for setting close conditions by asking SAF farmers to bring neighbor NON-

SAF farmers to the training in Manicoré city or to distribute questionnaires to their neighbors. 

However, it was found that many neighbors, in fact, do not live in the accessible distance on 

foot. Due to the limitation of resources (time, budget, human resources), we decided to find 

NON-SAF farmers in a few communities concentratedly for enabling us to conduct follow-up 

visits, in addition to having some neighbor NON-SAF farmers living in the same 

community of SAF-farmers. Inside of these communities, NON-SAF farmers were selected 

randomly by the leaders of the community.  

 

The following activities for explaining the survey purpose and requesting their participation 

were conducted before data collection. 

● Explanation sessions at the training organized by NGOs in Manicoré     

             (August, September, and November in 2017 )  

● Individual visits for who did not participate in the training above 

              (December 2017- March 2018)  

● Explanation session at three communities for asking the participation of NON-SAF 

farmers (January - March 2018) 

During the process, it was found that many farmers stopped farming even within this short 

period. Nine farmers (SAF-:2, NON-SAF:7) among 52 who attended the explanation sessions 

in August/September 2017 were not available in April 2018, because some moved to cities 
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and others decided to dedicate themselves more to gold mining(Table 3-2). After many 

struggles to collect participants, we started the data collection in April 2019 with 72 

samples(SAF:33, NON-SAF:39). However 19 farmers(SAF:4, NON-SAF:15) became 

unavailable due to the following reasons: the change of social conditions(moved to cities for 

work, for health reasons, moved to gold-digging), the change of accessibility ( Some areas 

became impossible to reach in some seasons due to the water level or watershed ) or simply 

giving up recording. Eventually, the one-year data collection of 53 farmers living in 18 

communities were completed (Table3-3). The area covered stretched about 250 km in length, 

locating in the upper river, the lower river, and a tributary of Madeira river. Although the 

sample size of 53 is relatively small, it represents approximately 1% of the estimated number 

of households in the countryside of about 5500. Among them, 29 are SAF farmers, and 24 are 

NON-SAF farmers. Here, SAF farmers and NON-SAF are defined based on self-recognition, 

being divided by their response to the question, “Do you conduct SAF?”. In this thesis, all 

analyses are made using this definition.   

Table  3-2:Change of the number of participants (Preparation period) 

 
Table  3-3:Change of number of participants (Data collection period) 

 

 

 

3.5 Analysis method 
First, the data was organized and checked for duplication of input. Then all the separated 

monthly data were combined for one-year data for each individual for analysis. Then 

Skewness / Kurtosis tests for normality was used to determine if the continuous variables of 

# Participants at explain session (August, September 2017)
# Participants moved to cities or engaged in gold mining
    by April 2018 of above

52

9 (SAF-2,  NON SAF-7)

SAF NON SAF Total
# Initial participants  (April 2018) 33 39 72
# Final participants   (March 2019) 29 24 53
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interest were normally distributed or not. A Mann-Whitney U test was applied for the non-

parametric variables with less than 0.05 Prob>chi2 and T-test for parametric variables with 

more than 0.05 Prob>chi2. A Chi-square test was applied for binomial variables. All tests 

were conducted with STATA, a statistical software program.   
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4 Results  
This section presents the results of the analysis for evaluating whether SAF in Manicoré 

contributes to the household economy concerning income increase and stabilization, 

mitigation of possible damages by weather-related events or price fluctuations, and food 

security as well as for examining other factors influencing the adoption of SAF and income. 

4.1 Socio-economic characteristics  
Tables 4-1 and 4-2 show the results of Mann-Whitney U tests and chi-square tests of socio-

economic characteristics by five pairs. (See APPENDIX C for the detailed results)  

 
Pair1: 
SAF farmers had significantly more acquaintances who conduct SAF (Mean=3.9, 

Median=3.00) than NON-SAF farmers (Mean=0.91, Median=0.00) (p=0.0000). Significant 

differences in the size of possessed land(SAF: Mean=49.88, Median=20.00, NON-SAF: 

Mean=40.25, Median=6.75, p=0.004 ) and planned land(SAF: Mean=5.685, Median=4.0, 

NON-SAF: Mean=2.5, Median=2.0, p=0.0002)were observed as well. The percentage of land 

used for planning did not have significant difference. In addition, more SAF farmers had 

some information source on prices of crops than NON-SAF farmers. (X2 (1), N = 53) = 

3.9536, p = 0.047)  

 
Pair2: 
The comparison of upper income group and lower income group did not have significant 

difference in the size of possessed land, while the size of planted(Upper: Mean=5.54, 

Median=4.00, Lower: Mean=2.88, Median=3.00, p=0.0097) and the size of SAF (Upper: 

Mean=1.68, Median=1.5, Lower: Mean=0.92, Median=0.00, p=0.0752) showed significant 

differences. Another significant difference was observed in the number of agriculture loans 

used in the past (Upper: Mean=0.629, Median=0.00, Lower: Mean=0.27, Median=0.00, 
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p=0.0759) ,though still a limited number of farmers (13 and 7 respectively) had experience of 

use it. There were significant differences in possession of motor grasscutter and spray for 

pesticide （X2 (1), N = 53) = 4.9338 and 3.2671 , p = 0.026 and 0.071 respectively) and in 

the information source on price（X2 (1), N = 53) = 3.1808 , p = 0.075).   

 
Pair 3: 
 Intra-SAF farmers comparison by income showed a significant difference in the number of 

family member who work for agriculture. (SAF-Upper: Mean=4.87, Median=4.00, SAF-

Lower: Mean=3.29, Median=3.00, p=0.0441). As for the size of SAF cultivation, 

unexpectedly, SAF-Lower income farmers had bigger size of SAF (Mean=2.75, 

Median=2.00) than SAF-Upper income group (Mean=1.65 Median=1.50) (p=0.0892) . 

Significant differences in possession of spray for pesticide and chain-saw （X2 (1), N = 53) 

= 4.5487 and 4.4414 , p = 0.033 and 0.035 respectively)were confirmed. In addition, more 

SAF-Upper income farmers responded that they negotiate with middlemen for sales（X2 (1), 

N = 29) = 4.2693 , p = 0.039 ). 

 
Pair 4:   
Intra-NON-SAF farmers comparison by income shows a significant difference only in the 

size of planted land (NON-SAF Upper: Mean=3 Median=3.0, NON-SAF Lower: Mean=2.21, 

Median=1.75, p=0.0971).   

 
Pair 5:   
The comparison of the SAF -Upper income group and NON-SAF -Upper income group 

showed similar results of the Pair 1 basically. Significant differences were observed in the 

size of planted land(SAF Upper: Mean=5 Median=4.0, NON-SAF Lower: Mean=3, 

Median=3.00, p=0.0788) and in information source on price （X2 (X2 (1), N = 24) = 

4.2188 , p = 0.040 ).  
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Table  4-1: Paired Mann-Whitney U test results of socio-economic characteristics   

 
***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively.  
 
Pair1: SAF (N=29) and NON-SAF(N=24) 
Pair2: Income Upper (N=27) and Income Lower (N=26) 
Pair3: SAF -Upper income (N=15) and SAF -Lower income  ( N=14) 
Pair4: NON-SAF -Upper income (N=12) and NON-SAF -Lower income  (N=12) 
Pair5: SAF -Upper income (N=15) and NON-SAF -Upper income  (N=12) 
 
Table 4-2:Paired chi-square test results of socio-economic characteristics  

 
***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively  
 
Pair1: SAF (N=29) and NON-SAF(N=24) 
Pair2: Income Upper (N=27) and Income Lower (N=26) 
Pair3: SAF -Upper income (N=15) and SAF -Lower income ( N=14) 
Pair4: NON-SAF -Upper income (N=12) and NON-SAF -Lower income  (N=12) 
Pair5: SAF -Upper income (N=15) and NON-SAF -Upper income  (N=12) 
 
 
 
 
 

Mann-Whitney U test 

Pair 1 Pair 2 Pair 3 Pair 4 Pair 5
p p p p p

Socio-Economics
Age 0.437 0.575 0.760 1 0.5251
Education(Year) 0.971 0.148 0.759 0.3239 0.659
� of family member 0.250 0.362 0.0633* 0.952 0.0986*
� of family member for agriculture 0.841 0.758 0.0441** 0.6593 0.4268
�  of SAF farmers :know 0.0000*** 0.332 0.757 0.6144 0.0102**
Land size-Possesd 0.004*** 0.146 0.369 0.862 0.0122**
Land size-Planted 0.0002*** 0.0097*** 0.806 0.0971* 0.0788*
Land size-SAF  N/A 0.0752* 0.0892* N/A N/A
% of planted land / Possed 0.7625 0.5588 0.2246 0.2476 0.3135

Sales-related 
� of middlemen : know 0.4883 0.6564 0.2193 0.8134 0.4386
� of loans for agriculture in tha past 0.1728 0.0759* 0.9609 0.6602 0.2253

Pair 1 Pair 2 Pair 3 Pair 4 Pair 5
p p p p p

Socio-Economics
Asset: Nursery. - 0.032** 0.498 0.55 0.653 0.137
Asset: Generator 0.356 0.697 0.362 0.653 1
Asset: Motor gras cutter 0.176 0.026** 0.054 0.206 0.183
Asset: Spray for pescide 0.269 0.071* 0.033** 0.682 0.095*
Asset: Chain saw 0.219 0.893 0.035** 0.013 0.168

Sales-related 
If negotiate with middlemen 0.679 0.589 0.039** 0.653 0.722
If have info source of price 0.047** 0.075* 0.292 0.615 0.04**
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4.2 Agricultural Income (Year)  
Annual income from crop sell  
 
As shown in Table 4-3, the annual income from crop sales of SAF farmers (Mean= 10,308.22 

BRL, Median= 8,329 BRL) was significantly bigger than those of NON-SAF farmers 

(Mean=5,090.83BRL, Median=4,382.5 BRL) (p=0.0.0036). The comparison between SAF-

Upper income farmers (Mean= 15,618.42 BRL, Median=10,447.5 BRL) and  NON-SAF -

Upper income farmers  (NON-SAF - Upper income) (Mean= 7,665.417BRL, Median= 

6,118.5 BRL) also showed a significant difference (p=0.0018). Furthermore, SD of SAF 

farmers was found to be almost 1.9 times of NON-SAF farmers.   

Table  4-3:Paired Mann- Whitney U test of annual income from crop sell 

 
***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively  

4.3 Agricultural Income (Month)  
Income from crop sale by month  
First, Figure 4-1 shows the means of monthly agriculture income of SAF and NON-SAF 

farmers throughout the year. In all months, the means income of SAF farmers were higher than 

those of NON-SAF farmers. A huge increase of SAF in December- February was caused by an 

outlier. One of the SAF farmers earned the profit of 10,500 BRL(December), 7,295 

BRL(January), and 17,500 BRL(February) by working as sort of middleman for brazil nuts 

only in this period, visiting very remote areas and buying a huge amount to resell them to 

larger-scale middlemen. Considering the minimum monthly wage in Brazil of 1,045 BRL (as 

of 2020), which agriculture extension workers of the Department of Agriculture of Manicoré 

receive, the amount he earned in these three months was extraordinarily high. None of the other 

Mean (BRL) SD Median(BRL)  p
Pair 1 SAF (N=29) 10,308.22 9,203.30 8,329.00 0.0036***

NON SAF(N=24) 5,090.83 4,024.30 4,382.50

Pari 2 SAF -Upper income
( N=15) 15,618.42 10,160.22 10,447.50 0.0018***

NONSAF -Upper income
(N=12) 7,665.42 3,851.86 6,118.50
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farmers engaged in the type of middlemen work except him. Including his income increased 

the mean income for all farmers in these months a lot.  

Thus, I plotted Figure 4-2 as a modified version, taking out of the outlier, and it looks 

more moderate than Figure 4-1. Although the modified version was used for analysis in this 

study, his case casts a new light on the possibility of earning a large amount even in this area, 

with some creativity. Even without the outlier, Figure 4-2 and Table 4-4 also showed that the 

mean monthly incomes of SAF were higher than NON-SAF farmers in all the months, with a 

similar movement of ups and downs except March. The detailed analysis of this movement will 

be provided in section 4-5.  

 
 
 
 
 
 
 
 
 
 
 

 
Figure  4-1:Mean of income from crop sale by month with an outlier 

 
 
 
 
 
 
 
 
 
 
 

 
Figure  4-2: Mean of income from crop sale by month w/o an outlier 
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Table  4-4:Mean and SD of income from crop sale by month without outlier  
 
 
 
 
 
 
 
 
 
 
 
Secondary, Figure 4-3 shows the percentages of SAF and NON-SAF farmers who did not have 

any agricultural income from crop sales each month. In all the months except for July, the 

percentage of NON-SAF farmers without agricultural income was higher, with an average of 

23.61% of NON-SAF and 10.6% of SAF. There were two months in a year that 37.5% of NON-

SAF farmers did not earn anything from crop sales, while the highest percentage of SAF 

farmers was 17.24%. Furthermore, 58%(N=17) of SAF farmers had some income in all 12 

months, while only 30%(N=8) NON-SAF farmers had.  

 
 
 
 
 
 
 
 
 

 
 

Figure  4-3: The percentages of farmers with zero income from crop sales 
 

As the third analysis of monthly income, Table 4-5 displays the means and the medians of the 

coefficient of variation (CV), which represents the ratio of the standard deviation to the mean, 

of individual monthly income within a year. It can show the degree of variation of monthly 

4 5 6 7 8 9
SAF 1062.466 812.9483 563.8966 829.1207 871.6328 683.2759
NON-SAF 793.5417 416.4375 439.2917 541.9583 404.25 394.1667
SAF 937.1098 638.7133 520.1341 1184.427 997.6129 696.7801
NON-SAF 1091.211 423.2176 535.8409 1117.039 442.5622 540.8418

Mean
 income

SD

10 11 12 1 2 3
SAF 556.931 505.25 576.25 777.6786 632.8929 677.4655
NON-SAF 381.9583 389.3333 310.0417 381 389.4375 622.6644
SAF 695.8541 591.7216 576.306 588.5194 465.9472 198.1667
NON-SAF 536.3071 421.7573 402.3825 481.2325 551.6498 195.1712

Mean
 income

SD
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income throughout the year. It indicates that there were significant differences in all the 

comparisons expect between NON-SAF- Upper income group and NON-SAF- Lower income 

group, suggesting that SAF farmers, especially upper income, had more stable monthly income 

through a year.  

Table 4-5:Paired Mann- Whitney U test of Coefficient of variation (CV) of individual 
monthly income within a year  

***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively  

4.4 Crop variety  
Number of crop variety sold  
Table 4-6 shows  that the number of crop variety sold of SAF farmers (Mean=5.45, SD=2.91) 

were significantly bigger than those of NON-SAF farmers (Mean=3.96, 

SD=2.07)(t(51.80)=2.1702, p=0.0.0036), and NON-SAF-Upper income farmers (Mean=4.67, 

SD=2.19) had more varieties of crops than NON-SAF-Lower income farmers (Mean=3.25, 

SD=1.76)(t(22.88)=1.7458, p=0.0943). No significant differences in the Pairs 2 and 3, and 5. 

Mean Median  p
Pair 1 SAF (N=29) 0.87 0.68 0.068*

NON SAF(N=24) 1.17 0.84
Pair 2 Income Upper (N=27) 0.77 0.65 0.007***

Income Lower (N=26) 1.24 1.19
Pair 3 SAF -Upper income  ( N=15) 0.65 0.59 0.040**

SAF -Lower income  ( N=14) 1.09 0.98
Pair 4 NONSAF -Upper income   (N=12) 1.14 0.79 0.563

NONSAF -Lower income   (N=12) 1.21 1.09
Pair 5 SAF -Upper income  ( N=15) 0.65 0.59 0.045**

NONSAF -Upper income   (N=12) 1.14 0.76
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Table  4-6:Paired T-test of number of crop variety to sell  

***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively  
 
Top 5 varieties of crops  
 Although the total number of varieties of crops sold reached 53 types, 82% of all the sales 

amount was composed of 5 main crops: Banana(Musa sp.), Cassava powder(Manihot 

esculenta), Brazil nuts(Bertholletia excelsa), Cacao(Theobroma cacao) and Acai(Euterpe 

oleracea) (Figure 4-4). While Banana and Cassava powder were transacted by a similar 

percentage of both SAF and NON-SAF farmers, smaller percentages of NON-SAF farmers 

sold the other three crops (Table 4-7)4. Regarding the total sales amount of TOP 5 crops, huge 

 
4 Originally, brazil nuts, cacao, and acai are categorized as tree and it can be considered as 
agroforestry if farmers sell these products.  There seem to be two cases that NON-SAF farmers 
transacted these crops in this study where definition of SAF was decided based on their self-
recognition.: 1) Collecting wild crops 2) Conducting SAF without awareness.  
 

Mean SD  t  p d.f

Pair 1 SAF (N=29) 5.45 2.91 2.1702 0.0346** 51.8048
NON SAF(N=24) 3.96 2.07

Pair 2 Income Upper (N=27) 5.33 2.97 1.599 0.1162 49.2979
Income Lower (N=26) 4.19 2.17

Pair 3 SAF -Upper income
 ( N=15)

5.60 3.44 0.2896 0.7744 26.3323

SAF -Lower income
 ( N=14)

5.29 2.33

Pair 4 NONSAF -Upper income
   (N=12)

4.67 2.19 1.7458 0.0943* 22.8828

NONSAF -Lower income
 (N=12)

3.25 1.76

Pair 5 SAF -Upper income
 ( N=15)

5.60 3.44 0.8565 0.3997 25.593

NONSAF -Upper income
   (N=12)

4.67 0.67
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gaps were observed in banana, brazil nuts, cacao, and acai while not in cassava powder, even 

considering a difference in the sample number（SAF=29, NON-SAF=24） (Figure 4-5). 

 
Figure  4-4:Percentages of the crops in total sales 

 
Table  4-7:The number of producers who sold TOP 5 crops 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure  4-5:Total amount of TOP 5 crops sales 

 
Ratios of TOP 5 crops to individual income  
Table 4-8 shows the means and medians of the shares of sales from each TOP5 crop to the 

individual farmer’s total income. Significant differences in the dependency of Brazil 

� 30 (56.5%) 30 (56.6%) 16 (30.19%) 19 (35.85%) 18 (33.96%) 10 (18.87%)SAF
 (N=29) 16 (55.17%) 16 (55.17%) 14 (48.27%) 13 (44.83%) 13 (44.83%) 9 (31.03%)NON-SAF
(N=24) 14 (48.27%) 14(48.27%) 9 (6.89%) 6 (20.68%) 5 (17.24%) 1 (3.44%)

5.Acai
(Processed)1.Banana  2.Cassava

powder 3.Brazul Nuts 5.Acai
(Not processed)4.Cacao
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nuts(SAF: Mean=13%, Median=0%, NON-SAF: Mean=2.55%, Median=0%) and acai  

(SAF :Mean=8.86%, Median=1.90%, NON-SAF: Mean=6.21%, Median=0.00%) were found  

between SAF and NON-SAF farmers (p=0.002 and 0.029 respectively). Among all 

comparisons concerning income, only one significant difference was observed, the 

percentage of acai between Upper  income group (Mean=8%, Median=2%) and Lower 

income group (Mean=8%, Median =0%) (p=0.076).  

Table  4-8:Paired Mann- Whitney U test of mean ratios of TOP 5 crops to individual 
income  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively  

Pair 1
Mean  Median Mean  Median p

Banana 33.26% 30.30% 29.11% 11.11% 0.660
Cassava powder 20.82% 3.27% 26.10% 6.73% 0.641
Brazil nuts 12.88% 0.00% 2.55% 0.00% 0.002***
Cacao 8.47% 0.00% 8.39% 0.00% 0.308
Acai 8.86% 1.90% 6.21% 0.00% 0.029**

SAF (N=29) NON-SAF(N=24)

Pair 2
Mean  Median Mean  Median p

Banana 31.82% 25.21% 30.92% 15.04% 0.741
Cassava powder 28.07% 6.22% 18.16% 2.76% 0.436
Brazil nuts 6.53% 0.00% 9.94% 0.00% 0.554
Cacao 9.53% 0.00% 7.30% 0.00% 0.804
Acai 7.57% 1.90% 7.75% 0.00% 0.076*

Income Upper (N=27) Income Lower (N=26)

Pair 3
Mean  Median Mean  Median p

Banana 33.96% 25.59% 32.51% 32.81% 0.726
Cassava powder 24.14% 0.00% 17.27% 4.01% 0.927
Brazil nuts 9.78% 0.00% 16.19% 5.00% 0.121
Cacao 13.47% 0.00% 3.12% 0.20% 0.981
Acai 5.37% 1.90% 12.60% 5.61% 0.522

SAF -Upper income  ( N=15) SAF -Lower income  ( N=14)

Pair 4
Mean  Median Mean  Median p

Banana 25.18% 13.84% 33.04% 9.88% 0.977
Cassava powder 29.32% 25.52% 22.88% 3.12% 0.549
Brazil nuts 5.09% 0.00% 0.00% 0.00% 0.149
Cacao 6.34% 0.00% 10.45% 0.00% 0.404
Acai 6.25% 0.00% 6.17% 0.00% 0.684

NONSAF -Upper income   (N=12) SAF -Lower income  ( N=14)

Pair 5
Mean  Median Mean  Median p

Banana 33.96% 25.59% 25.18% 13.84% 0.510
Cassava powder 24.14% 0.00% 29.32% 25.52% 0.507
Brazil nuts 9.78% 0.00% 5.09% 0.00% 0.342
Cacao 13.47% 0.00% 6.34% 0.00% 0.204
Acai 5.37% 1.90% 6.25% 0.00% 0.180

SAF -Upper income  ( N=15) NONSAF -Upper income   (N=12)
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4.5 Income of TOP 5 crops by month  
This section shows the mean monthly incomes of TOP 5 crops by SAF and  

NON-SAF farmers. 

 
Banana 
Banana is the main crop in this area, composing the biggest percentage (32%) of all crop 

sales.  Though the numbers of SAF and NON-SAF who sold banana did not have a 

significant difference (SAF=16(55.71%), NON-SAF = 14(48.27%), a considerable gap in 

mean income was observed in Figure 4-6. Banana is usually harvested through a year, having 

the biggest production in the middle of the rainy season (February - April). However, the 

flood in late February -March in this year affected the harvest in floodplain5 severely, since 

banana is quite weak in water. Given that more than 86% of banana transactions were made 

in the floodplain, the impact of that flood was considerably huge. A significant decrease in 

income in February - March, especially for SAF farmers, was confirmed. The comparison to 

the income of April, which was the result of last season, infers the significant loss of harvest 

in this season.  

 
 
 
 
 
 
 
 
 
 

 
5 There are basically two types of land exit in the Amazon basin, Várzea (Floodplain) and Terra firme” 
(Upland). Várzea can be categolized into 1) Várzea baixa(Low) where is inundated every year and Várzea alta 
(High) where is inundated every a few year. Banana, cacao, and acai grow well in Várzea alta and Brazil nuts 
grow in Terra firme. In this thesis, for the sake of simplicity, Várzea alta is referred to as “Floodplain” and 
Terra firme is as “Upland” 



         41 
 

 
 

 
 
 
 
 
 
 
 
 
 

Figure  4-6:Mean income from banana by month 
 
 
Cassava powder  
Despite having the same number of farmers for banana sales (SAF=16(55.71%), NON-SAF = 

14(48.27%), a big gap between SAF and NON-SAF farmers were not found in the mean 

income of cassava powder (Figure 4-7). Cassava powder was the only crop that did not have 

a big gap between SAF and NON-SAF farmers in income among TOP 5 crops.  

 
 
 
 
 
 
 
 
 
 
 
                            
 
 

Figure 4-7:Mean Income from cassava powder by month 
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Brazil nuts (w/o outlier)  
The percentage of SAF farmer who sold brazil nuts was about seven times of NON-SAF 

farmers. Figure 4-8 is the modified version of mean income from brazil nuts without the outlier 

mentioned above in the section 4.3. Unlike banana and cassava powder, the harvest season of 

brazil nuts is limited in the rainy season, as the figure illustrates. It is harvested in upland, which 

is free from the risk of the flood; therefore, the sales were not affected even in February and 

March. Furthermore, the average price of brazil nuts in this year was very high (48 

BRL/bucket), compared to the price of 2020 season being 25 BRL/bucket. It can be inferred 

that SAF farmers enjoyed this price increase.  

 
 
 
 
 
 
 
 
 

 
 

Figure  4-8:Mean Income from brazil nuts by month 
 
Cacao  
The percentage of SAF farmer who sold cacao was about two times of NON-SAF farmers. 

Two types of cacaos grow in this area, native cacao, and hybrid cacao. Native cacao grows in 

floodplain and is harvested in the rainy season, and hybrid cacao grows in upland being 

harvested in the dry season. The 91% of transactions observed in this study were native cacao 

(86 are natives, 9 are hybrid). Although native cacao is relatively resilient against water and 

could survive the water level of that flood, the mean income in the rainy season was very low 

for both SAF and NON-SAF farmers (Figure 4-9). It was caused by the record poor harvest 

that was possibly caused by unusual heavy rain in the dry season. Some farmers said the 
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harvest was even less than half of the usual harvest. Compared to the mean income of SAF in 

April, which was the result of last season, poor harvest in this season can be inferred. As for 

the price, the average price of cacao per kg in this year was 5.4BRL, while it jumped up to 8 

BRL in 2020.  

 
 
 
 
 
 
 
 

 
Figure  4-9:Mean Income from cacao by month 

 
Acai  
The percentage of SAF farmers who sold acai was about 2.6 times of NON-SAF farmers. Acai 

is also a rainy season harvested crop that grows in both upland and floodplain. In this study, 

about a quarter of transactions were made in the floodplain (N=26), and the rest was in upland 

(N=77). Furthermore, acai is more water-resilient compared to a banana, once it gets tall.  As 

a result, they did not have much decrease in February - March even with the flood. (Figure 4-

10) 

 
 
 
 
 
 
 
 
 

Figure  4-10:Mean Income from acai by month 
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4.6 Expense on food purchasing  
SAF is expected to contribute to food security by providing food from its own farm.  A 

significant difference in the annual expense on food purchasing between 

SAF(Mean=3,066.19BRL, SD=1,585.32) and NON-SAF(Mean=4,083.95BRL, SD=1742.85) 

was confirmed (t(48.89)=-2.1960, p=0.0329) while the mean number of family members of 

both groups are approximately same (Table 4-9). Interestingly, SAF-Lower income farmers 

spent significantly smaller expenses on food (Mean=2,025.16 BRL, SD=1,240.84) than SAF-

Upper income farmers (Mean=4,037.82 BRL, SD=1,240.97) while NON-SAF-Lower farmers 

spent the almost same amount of NON-SAF-Upper income farmers. (4,007.92 BRL and 

4,160.00 respectively). It suggests that SAF can be beneficial, especially for lower-income 

farmers, to reduce the cost of food purchases.  

Table  4-9:Paired T-test of annual expense on food purchasing 

***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively  

4.7 Expense on agriculture (Material, Labor)  
Materials  
As table 4-10 shows, the majority of farmers did not purchase seeds, fertilizers, and 

pesticides. Interestingly, the percentage of SAF farmers who purchased fertilizers and 

pesticides smaller than NON-SAF (about one-thirds and a quarter, respectively). Besides, in 

Mean SD
Mean of #

family
member

 t  p d.f

Pair 1 SAF (N=29) 3,066.19 1,585.32 5.89 -2.1960 0.0329** 48.8919
NON SAF(N=24) 4,083.95 1,752.85 5.54

Pair 2 Income Upper (N=27) 3,565.46 1,462.29 5.88 0.1627 0.8715 47.4717
Income Lower (N=26) 3,487.19 1,990.50 5.57

Pair 3 SAF -Upper income
 ( N=15) 4,037.82 1,227.97 6.80 4.2867 0.0001*** 28.8164

SAF -Lower income
 ( N=14) 2,025.16 1,240.84 4.90

Pair 4 NONSAF -Upper income
 (N=12) 4,160.00 1,418.72 5.16 0.2081 0.8372 20.8327

NONSAF -Lower income
(N=12) 4,007.92 2,097.35 5.91



         45 
 

comparisons of the amount spent on all the agricultural products, no significances were found 

in any pairs (Table 4-11).  

Table  4-10:Number of producers who purchased seeds, fertilizer, and pesticide  
 
 
 
 
 
 

 
Table  4-11:Paired Mann-Whitney U test of mean amount for expense on agriculture 
materials   

 
 
 
 
 
 
 
 
 
 
 
 
 

       ***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively  
 
Labor  
Table 4-12 shows the result of the Paired Mann-Whitney U test of the mean amount for 

annual payment on labor. In the study area, there is a traditional cooperation system, 

“mutirao.” If they work for five days to help someone in the group, the group members will 

work for them for five days for return. This system has fallen into desuetude in recent years, 

and monetary exchange for labor has become dominant, but four farmers utilized this system 

during the survey period. This unpaid labor was also calculated in monetary value using the 

mean value of the actual paid cost observed by this study and included in the figures in the 

table. First, paid-out cost for labor is not high for SAF farmers (Mean=740.69BRL, 

Median=200BRL) compared to NON-SAF farmers (Mean=746.48BRL, 

Total 11 (20.75%) 14(26.41%) 9 (16.98%) 35(66.04%)
SAF (N=29) 6 (20.69%) 9 (13.79%) 2 (6.89%) 23(79.31%)
NON-SAF(N=24) 5 (20.83%) 10 (41.66%) 7 (29.16%) 12(50%)

*���	���
�����

Seeds Fertilizer Pescide None of them

Mean (BRL) Median(BRL)  p
Pair 1 SAF (N=29) 1,171.92 845.00 0.4748

NON SAF(N=24) 881.18 571.00
Pair 2 Income Upper (N=27) 1,316.19 852.60 0.194

Income Lower (N=26) 753.72 651.50

*���	���
����� Pair 3 SAF -Upper income
 ( N=15) 1,563.81 965.50 0.2752

SAF -Lower income
 ( N=14) 752.04 777.25

Pair 4 NONSAF -Upper income
 (N=12) 1,038.38 711.00 0.2727

NONSAF -Lower income
(N=12) 723.98 491.00
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Median=434.75BRL). Upper income farmers (Mean=1,180.50BRL, Median=467 BRL) , 

especially NON-SAF- Upper income farmers(Mean=1,214.636BRL, Median=668.5 BRL)  

had a significant difference on the expense on labor, compared to Lower income 

groups(p=0.0703 and p=0.0107 respectively) . There are no significant differences between 

SAF farmers and NON-SAF farmers or intra-SAF farmers by income groups. While higher 

income groups seem to spend more on hiring workers, we also need to examine whether these 

extra costs are leading to higher profits. Thus, I also compared the hiring costs between 

groups based on profits. As table 4-13 shows, the comparison using profit (here simply 

calculated by “Income - labor cost”), no significant differences were observed in any pairs.  

 
Table  4-12:Paired Mann-Whitney U test of mean amount for labor  

 
        ***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively  

Mean (BRL) Median(BRL)  p
Pair 1 SAF (N=29) 740.69 200.00 0.1908

NON SAF(N=24) 746.48 434.75
Pair 2 Income Upper (N=27) 1,180.50 467.00 0.0793*

Income Lower (N=26) 289.31 197.50

Pair 3 SAF -Upper income
 ( N=15)

1,155.67 200.00 0.3534

SAF -Lower income
 ( N=14)

296.07 152.50

Pair 4 NONSAF -Upper income
 (N=12)

1,214.63 668.50 0.0107**

NONSAF -Lower income
(N=12)

278.33 137.50

Pair 5 SAF -Upper income
( N=15)

1,155.67 200.00 0.2576

NONSAF -Upper income
(N=12)

1,214.63 668.50
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Table  4-13:Paired Mann-Whitney U test of mean amount for labor by profit groups  

     ***, **, and * signify statistical significance at the 1,5, and 10 % level, respectively  
 
 
 
 

Mean (BRL) Median(BRL)  p
Pair 1 Profit  Upper (N=27) 1,180.50 370.00 0.4582

Profit  Lower (N=26) 289.31 197.50
Pair 2 SAF -Upper profit   ( N=15) 961.07 100.00 0.9639

SAF -Lower profit   ( N=14) 535.00 200.00

Pair 3 NONSAF -Upper profit
(N=12)

973.79 551.00 0.0722

NONSAF -Lower profit
(N=12)

519.17 137.50

Pair 4 SAF -Upper profit
( N=15)

901.00 60.00 0.1316

NONSAF -Upper  profit
 (N=12)

973.79 551.00
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5 Discussion  
Based on the findings thus far, this chapter discusses whether SAF in Manicoré contributes to 

the household economy in regard to income increase and stabilization, mitigation of damages 

by weather-related events and price fluctuations, and food security. Besides, the factors that 

influence the adoption of SAF and the income are examined for better intervention in the 

future.  

5.1 Discussion on research questions  
 
1)Income increase and stabilization  
 The results confirmed that the average annual income from crop sales for SAF farmers was 

significantly higher than those of NON-SAF farmers by twofold (Table 4-3). Even in the 

comparison between SAF- Upper income group and NON-SAF -Upper income group, the 

SAF group had a significantly higher income. However, SD of SAF farmers was more than 

double of NON-SAF farmers, suggesting a considerable gap between successful SAF farmers 

and the others. It can be presumed that income does not rise by merely adopting SAF. In fact, 

the farmer called “model farmer” equipped with a well-designed SAF plot and abundant 

knowledge about planning techniques turned out to be a low-income farmer, selling only 

three crops in small quantities out of 67 varieties in his land. 

  In respect of the stability of income, the results indicated that SAF farmers had more 

stable income throughout the year than NON-SAF farmers (Figure 4-3 and Table 4-5). Again, 

the gap exists intra-SAF farmers in the stability as well, while NON-SAF farmers did not 

have significant differences by income group.  

The results are basically consistent with the previous studies (Safa 2005, 

Phandanouvong 1998, B.D.Zira 2020, Sadeghi et al.2001) on higher income of SAF farmers 

than the comparison groups and with the statements of Yamada(2005) and Sadamori (2017) 
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on SAF‘s contribution on the stability of income: However, the significant gap withing SAF 

farmers, which most previous studies did not mention, deserves more attention.   

 
2) Mitigation of damages by weather-related events/price fluctuations  
 
In March, when a flood occurred in the study area, the mean income of NON-SAF farmers 

decreased while the mean income of SAF farmers increased (Figure4-2). The result of table 

4-6 showed that SAF farmers sold more diversified crops than NON-SAF farmers, and the 

analysis of monthly income of top5 crops demonstrated the importance of diversification of 

crops (Figure4-6,4-8,4-9,4-10).  

Banana, which is the main crop in this area, are mostly harvested in the floodplain and 

died quickly with water. Therefore, the harvest of banana in March was severely affected by 

the flood. Besides, cacao, which is also mostly harvested in floodplain, suffered from 

historically poor production probably due to unusual rain in the dry season. On the other 

hand, brazil nuts harvested in upland and free from water damage had a price rise this year 

and gave good profit to farmers. Besides, acai, which is water-resilient and available both in 

upland and floodplain, did not get damaged in March either. Consequently, brazil nuts and 

acai mitigated the damage from the poor harvest of banana and cacao.  

Recently, the frequency and impact of weather-related events such as floods, drought, 

and even unexpected weather patterns have been increasing in the study area, which directly 

affects the income from crops. In line with such a volatile harvest, the fluctuation of prices 

occurs concomitantly. Given this situation, the significance of dispersion of risk is increasing. 

The proven contribution of SAF for mitigation of damage is noteworthy.  

Although the period of this study’s analysis was limited to one-year, the result still 

could support the claim of Yamada (2005) and Sadamori (2017) that SAF can help the 

dispersion of risk against disaster and change in market price, with a combination of various 

crops/products  
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3) Food security  
 The contribution of SAF to households' food security by reducing the food expenditure was 

confirmed by the results (Table 4-9). It was an important finding that SAF could help 

especially lower income farmers. The difference of the mean food expenditure between SAF 

-Low-income group and NON-SAF -Low-income group was 1982.76 BLR, which makes a 

meaningful change in their household economy, considering the mean income of lower 

income group of 3272.614 BLR. This result is in accordance with the findings reported by 

Dawson et al. (2013) and the statement of Yamada (2005) and Sadamori (2017) on the 

contribution of SAF to household food security.  

4) Other factors  
(1) Expense on agriculture (Material, Labor)  
 First, it was found that most farmers did not purchase for agricultural inputs, such as seeds, 

fertilizers, and pesticides (Table 4-10). Especially for fertilizers and pesticides, the 

percentages of SAF farmers who purchased these materials were only 20-30% of NON-SAF 

farmers. This finding agrees with the standpoint of Yamada (2005) and Sadamori (2017)’ on 

the reduced necessity of pesticide and fertilizer of SAF. Secondly, the results of the 

comparisons of paid cost on labor and domestic labor capacity indicated that the adoption of 

SAF does not necessarily require more labor than conventional practice (Table 4-1 and Table 

4-12). Another finding is that although the correlation between income and labor investment 

was shown, there were no significant differences in the labor expense for comparisons of 

groups based on their profit (Table 4-13). It possibly suggests that labor increased the income 

but not enough to increase the profit proportionally. One of the possible reasons for this 

phenomenon is frequent price fluctuations of crops. In the interviews, many farmers 

explained that the lack of information on prices makes it difficult for them to predict the final 

profit when they invest on labor.  
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(2) Variety of crops  
The results demonstrate that SAF farmers sold more varieties than NON-SAF farmers 

significantly (Table 4-6). However, no differences were observed between Upper- income 

group and Lower-income group. Considering the stabler income among months of SAF farmers 

than NON-SAF farmers (Figure4-3 and Table 4-5), it could suggest that increasing the variety 

of crops for sales is more important in respect of mitigation functions, rather than of direct 

increase in income. No robust patterns were found between the percentage of each TOP 5 crops 

composed and the income. The combination of crops of each farmer was much more diverse 

than expected. To find out some patterns of influencing income, a bigger sample would be 

required. 

 
(3) Socio-economic characteristics   
 
1.Factors influencing on the adoption of SAF 
It was revealed that SAF farmers tend to have significantly more acquaintances who conduct 

SAF than NON-SAF farmers. It can justify the dissemination project strategy trying to 

increase the number of “model farmers “in various communities to encourage new farmers to 

start SAF. Age, years of education, family size, tenure, and assets, which are often considered 

to be influencing factors for decision-making for adopting agroforestry ((Pattanayak et 

al.2002, Blinn et al.2013) were not significantly different in any comparisons. The size of the 

possessed land of SAF farmers was larger than those of NON-SAF farmers. It could suggest a 

possibility of extra resources for making it easier to challenge a new farming method; 

however, the percentages of the utilization of possessed land were low in both groups 

(33.08% and 32% respectively). It means that the possessed land size is not necessarily a 

constraint for both groups of farmers for the adoption of SAF. Although many previous 

studies listed the size of land as an influential factor for the adoption of agroforestry 

(Pattanayak et al.2002), this result demonstrates the importance of examining the utilization 
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rate as well. Besides, a significant difference was found in whether they have any information 

source on prices of crops, which could suggest that SAF farmers tend to keep themselves 

open to agricultural information.  

 
2.Factors influencing on income  
The sizes of planted land were significantly different in all pairs except in the Pair 3, intra-

SAF farmers. Surprisingly, it was found out that the size of SAF cultivation of the  SAF-

Upper income group was significantly smaller than the SAF-Lower income group. It can be 

presumed that the size of planted land affects the income significantly, but it is insufficient to 

increase the income further by applying SAF. The results show that SAF- Upper income 

group had more family members available for agriculture and more agriculture machines 

such as motor grass cutter, spray for pesticide, and chainsaw than SAF-Lower income group. 

Besides, they try to negotiate with middlemen on the price of crops than the other group.   

As for negotiation, the unit prices of crops transacted in this area were found to have 

more variability than expected. The original expectation that the unit price is correlated with 

distance from the city or the volume of transactions did not apply in this area. Even with our 

relatively small sample of farmers, I have received the names of as many as 131 middlemen, 

some seem big-scaled businessmen, and others seem very small-scaled. It was observed that 

sometimes even the same middleman offered the different unit prices in the same community 

in the same period. Besides, the number of middlemen that the farmers know did not have 

any significant influence on the unit prices or income, suggesting that it is not necessarily 

essential to have more marketing channels to receive higher prices. The farmers who do not 

negotiate explained that they do not negotiate because they do not have information on prices 

or do not want to damage the relationship with middlemen. Our interviews with some farmers 

and a few middlemen suggest that trust and relationships are essential for a  business in this 

area. Although how the unit price is decided by interactions of farmers and middlemen was 
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out of scope in this study, it will possibly provide essential keys for understanding unique 

economic activity in this area.  

Furthermore, the number of agriculture loans used in the past and the possession of 

information sources on prices significantly differed between Upper income group and Lower 

income group. It possibly suggests that farmers with upper income are more conscious about 

“business” involved in agriculture. Actually, it was found that some farmers with higher 

incomes developed creativity for increasing the profit. For instance, a farmer utilized a free 

space at the city’s market that municipal make it open for small farmers to sell directly to 

consumers. He can make a higher profit, even considering the cost of transportation. Others 

tried to make more non-perishable products and keep them till the price rises. These ideas are 

not much complicated to carry out; however, very few farmers go into action. The difference 

in consciousness about “business” in agriculture would generate the gaps in income between 

the farmers.  

 

These findings imply that for the purpose of income increase by applying SAF, increasing 

productivity for cultivation, and improving sales skills for increasing profit could be 

effective, in addition to increasing the planted size. 

 

Previous studies listed education(Safa 2005, Phandanouvong et al.1998, B.D.Zira 2020 ), 

land size ( Sadeghi et al.2001, Safa 2005, Safa 2004, B.D.Zira 2020 )and family size(Safa 

200, Phandanouvong et al.1998, B.D.Zira 2020 ) as common influencing factors on income. 

In this study, education was not influential in all the comparisons, and land size and family 

size were partially influential. To sum up, while the expected impacts SAF that previous 

studies suggested were applied well to the result of this study, the applicability of influencing 

factors on the adaptation or on income was limited. These results prove the effectiveness of 
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SAF and also demonstrate the necessity of careful consideration of area-specific social-

economic factors for application, since various socio-cultural circumstances highly determine 

the economic activity of smallholder farmers. The accumulation of comprehensive, detailed 

data at field level would be required for identifying the generalized patterns on influencing 

factors.  

5.2 Limitation  
There are there limitations that this study was not able to cover at present. First, this study 

was able to analyze only association, not causality. Initially, I was planning to conduct a 

regression analysis for fining causality but had to give up due to the reduced sample size, as 

explained in section 3.3. Secondly, all the analyses in this study were made based on the 

definition of SAF and NON-SAF using self-recognition. However, there could be some cases 

that self-recognition and actual practice were different; for instance, some NON-SAF farmers 

conduct SAF without awareness. If the different definitions were used, a different result 

would be provided, and a comparison of results by applying different definitions would 

deepen the analysis. Third, although one of the unique characteristics of SAF is a time-series 

profit generated, a one-year survey cannot capture it.  It could be worth trying to collect panel 

data after several years to analyze time-series changes, using the results of this study as 

baseline data. Further studies will be encouraged to cover these aspects.  
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6 Conclusion  

This study aimed at examining the impact of SAF on the household economy and the 

influencing factors on the adoption of SAF and on the income in Macnicorè. The results 

showed that the SAF-farmers had significantly higher annual income, more stable monthly 

income, mitigated damage by weather-related events and price fluctuations, and less expense 

on food purchase than the NONSAF farmers. However, the disparity in income between the 

SAF farmers was substantial, suggesting that income does not rise by merely adopting SAF. 

The comparison of the two groups of the SAF demonstrated that the upper income had a 

smaller size of SAF cultivation than the lower income, but higher domestic labor capacity 

and more agricultural machines, although the adoption of SAF was found not to require these 

resources. Moreover, the upper income group was negotiating more with middlemen on the 

price of crops than the lower income group. It was also found that Upper income group 

utilized significantly more agriculture loans in the past than Lower income group.  

This study makes a unique contribution to the studies of the economic activity of 

small farmers in the Amazon by revealing the detailed quantitative economic data that did not 

exist and showing the differences of SAF farmers ‘performance empirically. Further, the 

monthly income data collected by one-year diary survey showed the importance of 

understanding the cash flow through a year that a conventional single round interview cannot 

capture, especially in the area with drastic seasonal change such as intense rainy and dry 

seasons, although it requires multi-year research for further understanding of SAF’s 

contribution.  

 SAF is considered to be a more environmentally sound agricultural method than 

conventional swidden cultivation, especially regarding the preservation of biodiversity and 

soil organic carbon and establishing a sound forest ecosystem. The contribution to 

stabilization of income and food security play essential roles for the livelihood of small 
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farmers, and the importance of mitigation function is increasing. SAF surely can be beneficial 

to both farmers and nature. However, to achieve an effective income increase for encouraging 

smallholders not to migrate to cities or not to turn into illegal mining for economic necessity, 

additional interventions would be necessary, together with the promotion of SAF. This study 

suggests the possible necessities of increasing productivity for cultivation and improving 

skills for sales, such as better access to information and negotiation skills with middlemen. 

So far, the support of the government or NGOs for SAF project has focused on 

cultivation techniques. Thanks to their efforts, the new practice of preparing seedlings for 

planting has prevailed in the study area where gathering culture used to be dominant, which 

was a significant step. In this area, none of the agricultural cooperatives function for the 

distribution of crops, although farmers have a major disadvantage of market access. Given 

this situation, farmers are required to be a good businessman for securing the profit, in 

addition to being a good farmer with a high capacity of cultivation; However, the culture of 

agriculture as a business is still not developed in this area. As a next step, interventions on the 

business aspect of small farmers' agricultural activities, along with support for improving 

cultivation techniques, would make further progress toward achieving sustainable 

development in the Amazon area. 
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Appendix A :One-year diary survey questionnaire (April) 
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Appendix B : One-shot survey questionnaire 
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Appendix C :Statistic table of socio-economic characteristics 
 
 
 
 
 

 
 
 

 

Pair 1
Mean  Median Mean  Median p

Socio-Economics
Age 43.89 42.00 41.08 44.50 0.437
Education(Year) 7.10 6.00 7.04 7.00 0.971
� of family member 5.89 6.00 5.54 4.50 0.250
� of family member for agriculture 4.00 3.50 0.841
�  of SAF farmers :know 3.96 3.00 0.91 0.00 0.0000***
Land size-Possesd 49.88 20.00 40.25 6.75 0.004***
Land size-Planted 5.685 4.00 2.50 2.00 0.0002***
Land size-SAF  2.222 2.00 N/A N/A N/A
% of planted land / Possed 33.08% 25% 32% 21.53% 0.7625

Sales-related 
� of middlemen : know 4.17 4.00 4.08 3.00 0.4883
� of loans for agriculture in tha past 0.58 0.00 0.29 0.00 0.1728

SAF (N=29) NON-SAF(N=24)

Pair 2
Mean  Median Mean  Median p

Socio-Economics
Age 41.629 42.00 43.653 45.00 0.575
Education(Year) 7.74 8.00 6.38 6.00 0.148
� of family member 5.89 5.00 5.58 5.00 0.362
� of family member for agriculture 4.15 4.00 3.96 4.00 0.758
�  of SAF farmers :know 3.26 2.00 1.88 1.00 0.332
Land size-Possesd 34.84 16.50 55.45 8.50 0.146
Land size-Planted 5.54 4.00 2.88 3.00 0.0097***
Land size-SAF  1.68 1.50 0.92 0.00 0.0752*
% of planted land / Possed 35.52% 0% 29% 0.25% 0.5588

Sales-related 
� of middlemen : know 4 3.00 4.27 4.00 0.6564
� of loans for agriculture in tha past 0.629 0.00 0.27 0.00 0.0759*

Income Upper (N=27) Income Lower (N=26)

Pair 3
Mean  Median Mean  Median p

Socio-Economics
Age 44.13333 46.00 43.642 41.50 0.760
Education(Year) 7.33 6.00 6.86 6.00 0.759
� of family member 6.80 6.00 4.93 5.00 0.0633*
� of family member for agriculture 4.87 4.00 3.29 3.00 0.0441**
�  of SAF farmers :know 4.80 3.00 3.07 3.00 0.757
Land size-Possesd 52.37 20.00 47.57 16.25 0.369
Land size-Planted 5 4.00 6.32 4.25 0.806
Land size-SAF  1.653846 1.50 2.75 2.00 0.0892*
% of planted land / Possed 29% 20% 37% 31.00% 0.2246

Sales-related 
� of middlemen : know 4.666667 5.00 3.64 3.00 0.2193
� of loans for agriculture in tha past 0.6 0.00 0.57 0.00 0.9609

SAF -Upper income ( N=15) SAF -Lower income  ( N=14)
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*P<0.1; ** P ≤ 0.05; ***P= ≤ 0.01 
***, **, and * signify statistical significance at the 1,5, and10 % level, respectively 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pair 4
Mean  Median Mean  Median p

Socio-Economics
Age 40.58333 44.50 44.5 44.50 1
Education(Year) 7.75 7.50 6.33 5.50 0.3239
� of family member 5.17 5.00 6.08 0.50 0.952
� of family member for agriculture 4.17 4.00 3.83 3.00 0.6593
�  of SAF farmers :know 1.33 0.00 0.50 0.00 0.6144
Land size-Possesd 13.95 7.00 67.31 6.75 0.862
Land size-Planted 3 3.00 2.21 1.75 0.0971*
Land size-SAF  N/A N/A N/A N/A N/A
% of planted land / Possed 38% 30% 25% 21.52% 0.2476

Sales-related 
� of middlemen : know 4.25 2.50 4.25 3.50 0.8134
� of loans for agriculture in tha past 0.25 0.00 0.33 0.00 0.6602

NONSAF -Upper income ( N=12)NONSAF -Lower income  ( N=12)

Pair 5
Mean  Median Mean  Median p

Socio-Economics
Age 44.13333 46.00 40.58333 44.50 0.5251
Education(Year) 7.33 6.00 7.75 6.00 0.659
� of family member 6.80 6.00 5.166667 5.00 0.0986*
� of family member for agriculture 4.87 4.00 4.166667 4.00 0.4268
�  of SAF farmers :know 4.80 3.00 1.333333 0.00 0.0102**
Land size-Possesd 52.37 20.00 13.95 7.00 0.0122**
Land size-Planted 5 4.00 3.00 3.00 0.0788*
Land size-SAF  N/A N/A N/A N/A N/A
% of planted land / Possed 29% 20% 38% 30.00% 0.3135

Sales-related 
� of middlemen : know 4.67 5.00 4.25 2.50 0.4386
� of loans for agriculture in tha past 0.6 0.00 0.25 0.00 0.2253

SAF -Upper income  ( N=15) NONSAF -Upper income   (N=12)


