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ABSTRACT 

Despite the efforts that have been employed to reduce tobacco curing related deforestation in 

many countries including Tanzania. The economic importance of tobacco production on 

employment creation and foreign exchange makes production continue to increase which 

increases the demand for wood fuel that results in deforestation. This study assessed the impact 

of the tobacco curing process on the environment and socio-economic aspects. This was 

achieved through a structured questionnaire and Specific Fuel Consumption (SFC) 

assessments. A cross-sectional study design was adopted whereby structured questionnaires 

were administered to 892 respondents who are tobacco farmers from nine Primary Tobacco 

Farmer Cooperatives in the Urambo district. Structured questionnaires’ data were analyzed 

using Microsoft Excel to determine the Cost-Benefit Analysis then subjected to SPSS for 

descriptive statistics. In addition, SFC data were employed to estimate annual woodland area 

cleared, carbon emission, and carbon dioxide hindered from sequestration. The results show 

that 95% of all tobacco farmers have been harvesting wood fuel from forest woodland. This 

caused tobacco related-deforestation of 6355.47 ha in 2018/19 that hindered 6 3554.73 tons of 

atmospheric carbon dioxide from sequestration. Also, the emission of 3 3366.24 tons of carbon 

dioxide was recorded during the curing process. Rocket barn version 2 (RB2) and traditional 

barn (TB) were observed to have higher net revenue compared to rocket barn version 3 (RB3) 

and standard barn (SB). For this reason, rocket barn and traditional barn are more preferred 

than rocket barn and standard barn. The findings also revealed the social aspects associated 

with tobacco curing including labor intensity and food insecurity. Based on these findings, it 

is recommended that to improve the sustainability of tobacco farming, alternative and 

affordable tobacco curing technologies should be instantly developed to replace wood fuel that 

poses problems of environmental degradation. 
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CHAPTER ONE 

INTRODUCTION 

1.1  Background of the study 

Tobacco (Nicotiana tabacum. L.) is grown in 120 countries around the world,  with about 80% 

of global tobacco being grown in 10 countries which are China, Brazil, India, United States of 

America, Malawi, Indonesia, Argentina, Pakistan, Zimbabwe and Tanzania (Sacchetto, 2012).  

In Africa continent, the top three tobacco growing countries are Malawi, Zimbabwe, and 

Tanzania (Food and Agriculture Organization Statistical Database [FAOSTAT], 2017). In 

Tanzania, tobacco is highly grown in Tabora, Iringa, Mbeya, Shinyanga and Rukwa regions 

Tobacco Research Institute of Tanzania [TORITA], 2020).  According to Tanzania Tobacco 

Board (TTB, 2019), the Tabora region contributed about 39%, while the Urambo district 

contributed about 11% of tobacco production within the country in 2018/19. Thus, Tabora 

region contributes about 50% of the tobacco produced in Tanzania. There are two major types 

of tobacco crop grown in Tanzania, which are Flue-Cured and Dark-Flue Variety. Because of 

its higher market demand Clark et al. (2020), Flue-Cured tobacco accounts for about 80% of 

all tobacco grown in the country (TTB, 2019). Also, strong tobacco companies such as Japan 

Tobacco International (JTI) and Alliance One Tobacco Tanzania Ltd (AOTTL), which 

guarantee the purchase of produced tobacco than other cash crops influence its growth in 

Tanzania (TTB, 2019). 

Economically, tobacco production contributes to tax revenue, employment and cash income 

that reducing household poverty and contributes to foreign exchanges (Chacha, 1996; Hu & 

Lee, 2015). Even in countries where it is not significantly produced, tobacco production 

contributes to farmers’ incomes (Mergos, 2001). This can be well explained in Brazil, where 

approximately 135 000 farmers produce tobacco as their main economic activity that 

contributed to US$ 5000  of individual income in 2000/01 (De-Leite & Da-Conceição 2020). 

Globally, tobacco production value was approximately USD 849.09 billion in 2019 and was 

expected to grow at a compound annual growth rate (CAGR) of 3.1% from 2020 to 2027 

(Dhungana, 2020). In most tobacco-producing countries, tobacco contributes more to their 

national economies than other cash crops (Ngarava, 2020). Additionally, tobacco production 

contributes significantly to creating permanent jobs for many people at different levels Rubhara 
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et al. (2020) and those involved in various activities such as preparation, cultivation, curing, 

transport and manufacturing (Masvongo et al., 2013). For instance, in Brazil,  tobacco 

production employed about 2.2 million people, whereas 700 000 people are involved in tobacco 

cultivation, and 1.5 million people are engaged in tobacco manufacturing (Mergos, 2001). 

In Tanzania, 98% of produced tobacco is exported and generates over US$ 364 million per 

annum of foreign exchange (Bank of Tanzania [BOT], 2020). Furthermore, tobacco production 

contributes to 17% of agricultural Growth Domestic Product (GDP) (Yuan & Peng, 2017). 

International Labour Organization (ILO, 2013) indicated that paid employment in tobacco 

manufacturing contributed to 4.3% of the Tanzania’s total labour force. The higher percent of 

employment is from tobacco cultivation and curing while few people are engaged in the 

manufacturing process (Bank, 2017; TTB, 2019). 

Despite the economic benefits of tobacco, the environmental degradation issue remains an 

overlooked problem concerning to the production and curing process. Since the 1970s nearly 

1.5 billion hectares of forests have been cleared for tobacco curing in the world leading to 20% 

of carbon dioxide accumulation annually (World Health Organization  [WHO], 2017). It is 

estimated that tobacco production contributes to about 84 megatons of carbon dioxide globally, 

causing global warming (Hopkinson et al., 2019). In Tanzania, studies have consistently shown 

that tobacco production results in severe deforestation (Mangora, 2005; Sauer & Abdallah, 

2007; Mangora, 2012b). Approximately 16 500 ha of forest woodland are cleared annually in 

Tanzania for the tobacco curing process alone, which contributes about 4% of total 

deforestation (Kagaruki, 2010). Regions highly affected by tobacco deforestation include 

Tabora, Ruvuma, Mbeya and Shinyanga (Misana, 1999; Ndomba, 2018).  
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Table 1: Tobacco production trend in Tanzania from 1961-2017 

Range of Years Tobacco production trend (Tons) Change in percentage of Tobacco production 
Increase in Area for  

harvesting Tobacco (ha) 

Types of 

 barn used 

1961-1970 2701-11971 77.44 12239 

Traditional  

barns 

1971-1980 14154-16771 15.60 10700 

1981-1990 17200-16459 -4.50 -6053 

1991-2000 23322-26384 11.61 12525 

2001-2010 24522-60000 59.13 44430 Improved barn 

2011-2017 13000-104471 98.76 -49725 and traditional barn 

(FAOSTAT, 2017) 
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From 1961 to 2017, tobacco production in Tanzania increased from 2701 tons to 104 471 tons 

(Table 1). The rapid increase of tobacco production directly correlated to more wood fuel 

required for the tobacco curing process resulting in increased deforestation, leading to an 

increase in atmospheric carbon dioxide accumulation (Chaves et al., 2020). Furthermore, 

tobacco product usage leads to human respiratory diseases and vulnerability to tuberculosis 

(WHO, 2020).  

Various practices, such as afforestation and reforestation, have been done to avert deforestation 

and carbon dioxide accumulation due to the tobacco curing process (TORITA, 2020). For 

example, the Association of Tanzania Tobacco Traders (ATTT) supported a project in the 

Urambo district that initiated and implemented a “Tree Planting Policy” in 2001 to provide 

enough firewood for tobacco curing. Also, Ugalla Community Conservation Project funded by 

Africare was introduced in Tabora to reduce the clearance of miombo woodlands. Despite the 

good implementation of tree planting promotion programs, the tobacco farmers’ response was 

very low since it requires a commitment and tree’s maturity takes time and a quest for forest 

sustainability (Mangasini, 2007). 

Similarly, different statutory organizations such as Tanzania Forest Reserve (TFS), Tobacco 

Research Institute of Tanzania (TORITA) and Tanzania Tobacco Board (TTB) have 

implemented tree planting policies in protecting the forest woodland from tobacco related-

deforestation but with little success (Blomley & Iddi, 2009).  

Furthermore, tobacco companies started to use green supply chains to increase tobacco 

production sustainability by reducing tobacco-related deforestation (TORITA, 2020). 

However, Mitchell and Baregu (2012) revealed that deforestation continues since the Tobacco 

Companies used nominal self-evaluation (not truly independent evaluators) and public 

relations to create the impression of social responsibility. 

Currently, improved barns have been developed to reduce deforestation and carbon emission 

(Sauer & Abdallah, 2007; Musoni et al., 2013). Despite this huge improvement, there is very 

little information about the effect of using the existing barns model on environmental 

degradation. Different studies have estimated tobacco curing related to deforestation in 

Tanzania (Kagaruki, 2010; Mangora, 2012b). However, they did not include improved barns 

and atmospheric carbon dioxide accumulation. 
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This study assessed the tobacco curing process’s effect on the environment and the social-

economic aspects of each tobacco barn model, looking for alternative tobacco curing 

technologies. The information may be useful to agriculturalists, government officials, experts 

and policymakers interested in designing alternative tobacco barn technologies as Tanzania 

considers options for the future.  

1.2  Statement of the problem 

There is continuous tobacco-related deforestation which increases the challenges of tobacco 

sustainability and forest conservation (Mangora, 2012b). Apart from the massive clearance of 

forests, the tobacco curing process emits carbon dioxide gas leading to global warming. To 

protect the environment in rural tobacco areas and provide green energy for rural areas, the 

traditional tobacco curing barn model eventually improved to use lower wood and hence reduce 

deforestation and carbon emission (TORITA, 2020). Despite the huge improvement, they are 

still powered by wood fuel, whereas the increase of tobacco production trend increases wood 

fuel consumption; hence it poses a threat to the destruction of forest woodland and carbon 

dioxide emission (Lencucha et al., 2020). Therefore, this study estimated the actual area of 

forest woodland cleared and carbon emitted in the 2018/19 season. Furthermore, the study 

evaluated social aspects for alternative curing technologies in the Urambo district. 

1.3  Rationale of the study 

Increased tobacco production in the Urambo district increases the demand for wood fuel for 

curing, which causes massive clearance of forest woodland. There was a need to conduct 

research to estimate the current tobacco-related environmental degradation and social-

economic aspects of the existing technologies that will help in the development of alternative 

tobacco curing technologies to replace wood fuel. For tobacco production sustainability, 

alternative curing technologies should consider the environmental, economic and social 

aspects. 
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1.4  Research objectives 

1.4.1  General objective 

The general objective of this study was to assess the impact of tobacco curing process on the 

environment and social-economic aspects of sustaining tobacco production and environmental 

conservation. 

1.4.2  Specific objectives 

(i) To assess the impact of the tobacco curing process on the environment in Urambo 

district. 

(ii) To evaluate social-economic aspects/challenges related to tobacco curing in Urambo 

district. 

1.5  Research questions 

(i) To what extent does tobacco curing contribute to environmental degradation in Urambo 

district? 

(ii)  What are the socio-economic aspects/challenges related to tobacco curing technologies 

in Urambo district? 

1.6  Significance of the research 

This study will provide useful information that tobacco researchers and barn installation 

experts can use to design and size alternative and affordable curing technology based on the 

financial capacity of tobacco farmers in the Urambo district. This study also provides 

knowledge to environmentalists to find an effective solution to remediate the degraded forest 

woodland due to the tobacco curing process. A clear understanding of tobacco curing impacts 

in the Urambo district will attract many tobacco farmers to adopt cleaner tobacco curing 

technologies. These will conserve the forest woodland from tobacco curing related degradation 

while increasing the household income to tobacco farmers.  
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1.7  Delineation of the study 

Tobacco production is the major source of household income in the Urambo district.  However,  

it contributes to deforestation and atmospheric carbon dioxide accumulation (Siddiqui & 

Rajabu, 1996; Mangora, 2012b). Currently, different improved barn models have been 

developed to reduce environmental degradation. However, they are powered by wood fuel, 

whereas the increase in tobacco production results in an adverse effect on the environment. The 

present study focused on assessing the impact of tobacco curing on the environment, which 

gives room for scientists to design the appropriate tobacco curing technologies that are 

environmentally friendly and cost-effective to replace wood fuel usage. The data obtained from 

this research provide valuable scientific information to tobacco curing related deforestation and 

atmospheric carbon dioxide accumulation. Also, this study shows the need for the development 

of environmentally friendly tobacco curing technologies for tobacco production sustainability. 

Furthermore, the study provides the necessary costs and profits of the existing tobacco curing 

barn model to help in the formation of affordable tobacco curing technologies.   
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CHAPTER TWO 

LITERATURE REVIEW 

2.1  Tobacco production in Tanzania 

British colonial government introduced tobacco cultivation after the failure of the groundnuts 

scheme in the Tabora region (Waluye, 1994). Tobacco cultivation continued to increase after 

independence in 1961 due to the supply of tobacco inputs by World Bank finance in 1970 

(Alibhai, 1968; Waluye, 1994). According to FAOSTAT (2017), tobacco production increased 

from 2701 tons in 1961 to 14 157 tons in 1970 which is almost 77.4% of tobacco production.  

 Later, tobacco primary cooperatives under the West zone Tobacco Growers Cooperative 

Union (WETCU) were formed for easier supply of tobacco inputs and selling (TTB, 2019). 

Thus, it increased the number of tobacco farmers, which accelerated the deforestation of virgin 

land. According to TTB (2019), the number of families in Urambo district increased from 6070 

in 1970 to 25 880 in 1978. While the area of woodland deforested increased from 5540 ha in 

1970 to 12 000 ha in 1978 (Waluye, 1994). Another factor that led to increase in tobacco 

production was the increase in selling price per kilogram from 900 TZS/kg in 1987 to 1500 

TZS/kg in 1990. This attracted more farmers from neighboring regions like Kigoma, Mpanda 

and Shinyanga to start growing tobacco which exerted more pressure on the woodlands (Temu, 

1980). The increase in the tobacco price caused a lot of immigration for tobacco production in 

Tanzania (Jew et al., 2016).  Tobacco farmers decided to cultivate tobacco crop due to the 

increase in tobacco selling price and abandon tobacco production when the tobacco price is 

low (Jew et al., 2017).  For example, tobacco farmers in the Chunya district initiated tobacco 

production during the rise of tobacco price, and they quit artisanal gold mining in Lupa 

Godfield when the price drop (Jew et al., 2017).  

2.2  Tobacco related deforestation 

Tobacco is among cash crops in Tanzania that cause massive deforestation in growing regions. 

According to Geist (1999), tobacco and tea contribute to the massive woodland clearance due 

to additional wood for curing. The global assessment of tobacco related deforestation estimated 

200 000 ha of natural forests woodlands are cleared by tobacco farming each year (Giannetti 

et al., 2020). Different researches have reported higher deforestation rate in Africa,  due to 

tobacco curing process (Chacha, 1996; Mandima, 2017). For example, tobacco production 
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accounts for 15% of deforestation in Zimbabwe and 26% in Malawi (Jimu et al., 2017). A 

study done in Tabora region by Kagaruki (2010) reported that Tanzania loses an average of 

16500 hectares of forest woodland annually from tobacco curing alone. This is almost 4% of 

total deforestation in Tanzania since the net loss of forest woodland in Tanzania was 403 000 

hectares per annum. However, in Zimbabwe tobacco related deforestation is higher than in 

Tanzania since it contributed to 15.9% of the total annual deforestation in 2003 (Jimu et al., 

2017; Munanga et al., 2017). 

In Urambo district, a traditional barn requires one hectare of forest woodland to cure one 

hectare of planted tobacco (Mangora, 2005). This led to high deforestation in most growing 

areas. For example, in Tanzania about 8 470 350 ha of forests woodland were cleared between 

1990 and 2010 due to tobacco curing alone (Mganilwa et al., 2009). Nationwide, this woodland 

area may seem to be low but high in the specific tobacco growing regions. Besides from 

tobacco curing, tobacco production also contributes to deforestation through various purposes 

such as poles for barn construction, sticks and tiers for hanging tobacco leaves (Geist, 1999; 

WHO, 2013).  

2.3  Public health due to tobacco 

Tobacco use has significant human health effects contributing to different human diseases. For 

example, smoking causes respiratory diseases such as cancer, chronic obstructive 

pulmonary disease, diabetes, chronic bronchitis and emphysema. Layden et al. (2020) reported 

that tobacco smoking leads a person to be vulnerable of different diseases including 

tuberculosis, immune diseases, hearing loss and glaucoma.  

This is because people using tobacco products become dependent due to addiction of tobacco 

nicotine. World Health Organisation (WHO, 2020) revealed that people from local area 

especially in middle and low income countries are at risk of tobacco related human disease. 

Although some people use tobacco products from their will but structural force play a vital role 

in tobacco product uptake in give society. For example, men especially adults, are more 

exposed to tobacco use as compared to women. Brake et al. (2020) reported that 91% of men 

are more exposed to a high risk of tobacco use. In South Africa males are about four times 

prevalence to tobacco as compared to females. Tobacco products use also contributes indirect 

and direct cost including health expenditure (Lecours et al., 2012). In India, the results show 

that illness caused by tobacco products use that amount US $27.5 billion, of which 22% is 
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direct and 78% is indirect cost (John et al., 2009; John et al., 2021). Munthali and Xuelian 

(2020) and WHO (2020) reported that tobacco kills almost 50% of all users, whereas 85% are 

results of direct use while 15% are due to indirect use (second-hand smoke). Tobacco products 

consumption continues to be used despite the tobacco control policy. Mohan et al. (2018) 

reported that tobacco use and its determinants have to be monitored in order to reduce health 

and diseases.  

2.4  Initiatives employed to reduce deforestation and atmospheric carbon 

accumulation 

Many initiatives have been employed to reduce tobacco related deforestation without much 

success (TORITA, 2020). These initiatives include afforestation, reforestation and agricultural 

remains as the source of energy and improving existing tobacco barn models to more energy 

efficiency, as explained in the preceding paragraph. 

2.4.1  Afforestation and reforestation 

Tree planting activities have been employed to reduce the impact of tobacco curing on the 

environment. The TORITA (2020) reported that planting of trees is the effective effort that has 

been done in tobacco growing regions to reduce tobacco related deforestation. According to 

Campbell (1995), reducing of tobacco related deforestation and to ensure tobacco production 

availability, especially in the local setting, tree planting is the major approach that tobacco 

farmers in tobacco growing areas should be implemented. In 1983, British American Tobacco 

(BAT) established an afforestation programme for tobacco farmers to reduce deforestation. 

Approximately, 40 million survived trees were planted during the BAT programme, which 

would reduce the depletion of natural forests such as Imiyuuyi of Kurutiange forest reserves. 

Planting the tree also increases income to tobacco farmers and conserves the environment 

(Ramadhani et al., 2002). This is through the UN-REDDS programme that emphasizes planting 

trees and conserving forest woodland to reduce and mitigate greenhouse gas emission (Burgess 

et al., 2010). In Tabora region, farmers have now started rotational woodlot system, whereas 

farmers intercrop food crops with leguminous trees such as Acacia crassicarpa and Acacia 

jurifera (Ramadhani et al., 2002). Various tree planting programmes in Urambo district include 

the Association of Tanzania Tobacco Traders (ATTT) supported projects in Urambo district 

which initiated and implemented a “Tree Planting Policy” in 2001 in order to provide firewood 

that would be sufficient for tobacco curing (Katundu & Mwaseba, 2009). Also, Ugalla 
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Community Conservation Project (UCCP) (funded by Africare) was introduced in Tabora to 

reduce the clearance of miombo woodlands (Danny de Vries, 2000). Despite the 

implementation of tree planting promotion programs, the response is very low since it requires 

the tree planting, which takes time for forest sustainability (Mangasini, 2007).  

Similarly, different statutory organizations such as Tanzania Forest Reserve (TFS), Tobacco 

Research Institute (TORITA) and Tanzania Tobacco Board (TTB) have implemented tree 

planting  policies in protecting the forest woodland from tobacco related deforestation but with 

little success (Blomley & Iddi, 2009). 

Also, Tanzania Tobacco Board tried to push for the by-law’s enactments, each each village 

was required to set aside 10% of land to plant trees for tobacco curing; however, the idea was 

not implemented by the local government (TTB, 2019). Another reason for the tree planting 

programme failure was that most of tobacco farmers are small scale holders; hence it was 

impossible to devote both lands for tobacco cultivation and tree plantation. Hu and Lee (2015) 

concluded that; “reforestation efforts by the tobacco industry have been done for a decade, but 

deforestation remains a common phenomenon in developing countries”. 

2.4.2  Biomass energy  

The tobacco curing process is an energy-intensive process that contributes to the massive 

clearance of forest woodland. Globally, there are ongoing efforts to increase tobacco 

sustainability and forest woodland conservation using alternative biomass energy (Bortolini et 

al., 2019). This type of energy is produced from agricultural remains such as tobacco stems, 

pellets, sawdust, crops residues of sugarcane and corn (Zhai, 2011). Worldwide, agricultural 

activities are the leading anthropogenic activity; hence a large amount of waste biomass is 

produced. This makes agriculture remains a promising renewable energy source to replace 

wood fuel usage (Gwenzi et al., 2020). However, there are no effective ways for the tobacco 

sector to utilize biomass energy. Hu et al. (2020) and Xiao et al. (2015) revealed that biomass 

energy usage reduces exhausts gases such as CO2, CO, and SO2 from biomass briquettes by 

57.28%, 95.45%, and 98.06%, respectively, compared with coal. Also, it was reported that 

biomass usage during tobacco curing is incomplete, producing less than 1.7% carbon monoxide 

(Wang et al., 2019). That means using agricultural remains during the tobacco curing process 

reduces greenhouse gases in the atmosphere (He et al., 2021). Furthermore, the study 



 

12 
 

conducted in Italia reported that tobacco curing’s biomass usage contributes to 13% as annual 

cost saving and up to 95% of carbon dioxide reduction (Bortolini et al., 2019).  

Moreover, in Southern Brazil, tobacco farmers are now using sawdust and pellets instead of 

wood fuel since they were identified as high energy efficient and more profitable (Welter et 

al., 2019). Also, tobacco farmers in China have started using stem briquetting and honeycomb 

briquette to replace wood fuel energy as an alternative. Xinfeng et al. (2015) revealed that 

tobacco stem briquetting is the alternative and affordable energy source for tobacco curing due 

to high energy efficiency and high return as compared to honeycomb briquette. Tobacco curing 

trials carried out by Dasgupta et al. (1991) reported that rice husk usage during tobacco curing 

has lower cost as compared to wood fuel usage.  

Apart from agricultural remains, there other sources of biomass energy as the industrial wastes 

from the sawmill industry, sugarcane plantations, sugar industry by-products, cashew nut 

industry, coffee industry and sisal industry (Sheya & Mushi, 2000). Wang et al. (2019) 

concluded that biomass energy is higher energy efficiency than wood fuel; hence can be good 

alternative energy.  These results indicated that the biomass briquette is an excellent renewable 

industrially useful fuel with potential for future application and is an environmentally-friendly 

fuel, which can be widely used for tobacco curing. However, all types of biomass energy 

requires modification of fire furnace (Welter et al., 2019). Sheya and Mushi (2000) concluded 

that there is a need for alternative energy; however, the limiting problem is the inadequate data 

on the potential energy and lack of experts to design and manufacture energy related equipment 

and their spare parts. 

2.4.3  Improved tobacco barn models 

Currently, improved tobacco barns from traditional tobacco barns have been developed and 

adopted to sustain tobacco farming (Musoni et al., 2013; Chirindo et al., 2017). According to 

TORITA (2009), improved tobacco barns reduce wood consumption and carbon emission up 

to 50%. Tanzania Tobacco Board report shows that almost 65% of improved barns are now 

adopted, and up to 2020, all local barns will not be allowed. However, tobacco production 

increases these efforts challenges since it increases the demand for wood fuel consumption for 

tobacco curing. This study estimated the amount of woods currently used by existing tobacco 

barns and the forest woodland that is converted into beared land. 
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2.5  Tobacco curing processes 

Tobacco curing is the drying process by which the harvested tobacco leaf is made ready for the 

market (Siddiqui, 2001; Condorí et al., 2020). It is the essential process during tobacco 

production processing as it is the one that determines the quality of the leaf (Chirindo et al., 

2017). Tobacco curing involves chemical and physical changes that are essential for high-

quality cured leaf (Sumner & Moore, 2009). It is a well standardized process, especially in 

FCV tobacco, to achieve the desirable qualities in the cured leaf along with the removal of 

moisture. The process of curing has an intimate bearing on the quality of cured leaf. A good 

quality leaf from the field can be made poor by improper curing (Siddiqui, 2001). The quality 

of the cured tobacco is determined by three factors: agro-economic practices (input supply 

during farming), appropriate harvesting and following standard curing methods. Thus, farming 

practices have a significant impact on the quality of cured tobacco. The proper supply of inputs 

produces high quantity and quality cured (Nicotine production and accumulation) tobacco, 

whereas the delay or lack of inputs reduces the cured tobacco production. These inputs include 

nitrogen fertilization, planting density, topping practices, sucker control, and harvesting 

practices (Henry et al., 2019). Nitrogen fertilizer is essential for the high quality of cured 

tobacco (Nicotine production and accumulation). However, low crop densities and topping 

factors contribute to increased cured tobacco quality (nicotine accumulation). Moreover, the 

harvested ripen tobacco leaf from the field should immediately be cured without any delay. 

Otherwise, if they are stored for long time, they may be spoiled and heating up, destroying their 

qualities (Dasgupta et al., 1991).  

2.6  Mechanisms of tobacco curing 

The curing operations distinguish the type of tobacco, the mode of consumption, local 

preference, convenience, market value and production economics (Zhang et al., 2013). There 

are four types of tobacco production: flue-curing, air-curing, fire-curing and sun-curing (Krauss 

et al., 2003). Tobacco curing management skills include understanding all stages that involve 

controlling airflow, temperature and humidity in a controlled environment (Sumner & Moore, 

2009). This study based on Flue-Cured Tobacco because it is reported as wood intensive 

causing massive deforestation (Loker, 2005). 
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2.6.1  Flue-cured virginia tobacco (FCVT) 

Flue-cured virginia tobacco is mainly grown in Argentina, Brazil, China, India, Tanzania, and 

the United States (Van-Liemt, 2001; Mackay et al., 2002). Virginia Flue Cured (VFC) was first 

introduced in Urambo in the 1940s and subsequently spread to other areas of Tabora region, 

Kahama, Mpanda, Iringa and Chunya (Geist, 1999; Jew et al., 2017; Ndomba, 2018). In 

Tanzania, Flue-Cured Virginia Tobacco accounts for 80% of all total tobacco production 

Mangora (2012b), as it has potential for the international market.  

Harvested leaves of flue-cured tobacco are tied in sticks and hung in curing barns, followed by 

ignition of fire (fuel wood) for curing tobacco leaves. Heated air (steam) is generated by 

burning wood from the furnace to dry the leaves and to impart golden-yellow to deep-orange 

color (De-Godoy et al., 2019). During the flue-curing, heat generated from the furnace is the 

one that dries the ripe tobacco leaves. The moisture dehydrated from tobacco by heated is 

removed from the barn through chimney and barn vents. Thus, for the drying of tobacco leaf 

heat is required and hence, a large quantity of wood fuel is required resulting in serious 

ecological effects (Dasgupta et al., 1991). This is because it takes a long curing time ranging 

from 7 to 9 days (De-Godoy et al., 2019).   

2.6.2  Dark-fire cured tobacco (DFCT) 

This type of tobacco leaf is cured by smoke (Bailey, 2006). In Tanzania, it was first introduced 

in Namtumbo, Ruvuma region, in the 1930s (Redmond, 1976; Ndomba, 2018). It is always 

cured when matured and not overripe. Dark Flue cured tobacco takes an average of three to ten 

days, depending on the level of matured leaves and environmental condition. The cured dark 

tobacco leaves have low sugar and high nicotine and they are always used as pipe tobacco, 

chewing tobacco, self-rolled cigarettes, and snuff.  

2.6.3  Air-cured burley tobacco 

Air-cured Burley tobacco has of minor commercial importance, grown only in Ruvuma, 

Kagera and Morogoro (Msigwa, 2019). This type of tobacco that is cured by ventilated barns 

under natural atmospheric conditions with little to no supplemental heat added - only air.  Air 

cured tobacco can also be divided into ‘Dark Air-Cured’ (DAC) and ‘Light Air-Cured’ (LAC). 

Curing air-cured burley tobacco takes about three to twelve weeks resulting in deep brown leaf 

colour. They are used for cigar, moist snuff, snus, chewing, Roll-Your-Own (RYO), Make-
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Your-Own (MYO), and water pipe products. This type of tobacco has higher nitrate content 

than flue-cured tobacco (Li et al., 2017). For environmental conservation, the growing of air-

cured tobacco could be of most importance in the country as it consumes no woods. 

2.6.4  Sun-cured tobacco 

Sun-Cured tobacco is a type of tobacco cured by exposing freshly harvested tobacco leaves 

directly to the sunlight. This type of tobacco leaves is highly grown in the area with a long 

season of dry season. Sun cured tobacco is grown traditionally and does not have a high demand 

in the international market (Tang et al., 2020).  

2.7  Procedures of tobacco harvesting and loading in curing barn 

2.7.1  Tobacco leaves harvesting 

Well-matured ripe leaf is harvested for the curing process in the tobacco barn. Ripe leaves have 

a greenish-yellow colour with a velvety feel and less sticky. Matured leaves lie horizontally or 

bend slightly down with tips slightly dry (TORITA, 2009). As a general rule, the leaves are 

harvested from the bottom priming slightly on the green side, and the middle leaves when they 

are ripe and the top leaves when they are fully ripe (Gong et al., 2020). On average, not more 

than three leaves should be harvested at a time. Harvesting must be done on a clear weather 

day. Immediately after rains or irrigation, the crop should not be harvested and it is to be 

delayed by 2 - 3 days in such cases (TTB, 2019). Under normal condition, priming is done once 

a week. The leaves should be pluck against the direction of the sun for better judgment of 

matured leaf color. While picking, the midribs should be bent sideways, and a well-matured 

leaf will snap crisply with a characteristic sound (Tang et al., 2020). The leaves are to be carried 

carefully without pressing in a wide basket with tips upward and shifted to tying shed 

immediately to minimize the possible wilting. 

2.7.2  Tobacco leaf separation and barn loading 

Despite the utmost care, tobacco green leaves should be separated before being tied to the stick 

to allow each stick to have uniform leave quality (TORITA, 2009).  Tobacco leaves that should 

be put in the same stick include some immature leaves and over ripe leaves. Tying of the leaves 

on the stick should be done gently in a shaded place to avoid wilting and bruising (physical 
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damage) of leaves (Bortolini et al., 2019). Also, tied leaves should be distributed uniformly all 

over the length of the sticks to avoid overcrowding for easy drying (TORITA, 2020). 

Loading of green tobacco leaves into the barn is done after tying the green tobacco leaves on 

the bundle of sticks (TORITA, 2009). During loading of the barn, stick with priming (un-ripped 

leaves) are placed on the top tiers, the yellowish-white (over-ripe leaves) on the bottom tiers 

and greenish-yellow (well-matured leaves) in the bulk of the intermediate tiers. The tiers on 

the bottom and intermediate should never be over loaded since they spoil more easily when 

curing process is low (Condorí et al., 2020). During loading, the farmers ensure adequate air 

flow by loading the barn uniformly, which increases the quantity and quality of cures (TTB, 

2019).  

2.8  Necessity curing stages of flue tobacco  

Harvested tobacco from the field contains 80% to 85% moisture, which has to be dried up to 

0%  before manufactured for different uses (Musoni et al., 2013). The essence of drying ripe 

tobacco is to improving and preserving the potential quality, flavour and aroma of tobacco 

leaves. This can be indicated by achieving the desirable leaf colour (lemon and orange), which 

means specific chemical reactions have taken place. The curing process involves four stages; 

yellowing, fixing colour, leaf drying and midrib drying as shown in Fig. 1. During all stages of 

tobacco curing, monitoring of temperature and humidity is required. All four stages are 

classified as removing of moisture (dehydration process) and converting sugar into glucose. 

The early stage of flue-curing should permit continuing biological activity in the leaf, 

permitting the destruction of chlorophyll, the converting starch to simple sugars and leaf 

proteins to soluble nitrogenous constituents. These cellular reactions take place in fully turgid 

leaf cells in an aqueous medium, and for complete enzymatic reactions, thermal inactivation of 

these enzymes must be prevented (Wu et al., 2020). This means maintaining high humidity and 

low temperature in the barn for these favourable reaction sequences (Condorí et al., 2020).  

During this period, the leaf turns yellow, containing high percentages of soluble sugars. At this 

juncture, further breaking up of sugars by respiratory enzymes must be prevented as cured leaf 

must contain high sugars. Browning reaction caused by polyphenol oxidase turning the yellow 

leaf to browns and bio-chemical conversion of soluble nitrogen to ammonia must be arrested 

as some of these transforms into aroma compounds at a later stage (Condorí et al., 2020). These 

are achieved by thermal desiccation by progressively raising the barn’s temperature and 
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lowering relative humidity by ventilation adjustments. During subsequent stages, the abrupt 

change in temperature and humidity should not be done in the barn while curing. The whole 

process takes an average of 7-9 days, depending on the leaf position, environmental condition, 

and strand of tobacco (Siddiqui & Rajabu, 1996). During tobacco curing, tobacco farmers are 

advised to control temperature and relative humidity effectively for quality cured tobacco 

leaves. In developed countries, humidity is measured by using dry and wet bulb temperatures 

or relative humidity sensor. There are universal tobacco curing steps, but due to local factors 

such as weather condition, plant position, leaf maturity and disease prevalence a slight 

adjustment is necessary for almost every curing cycle. Furthermore, ripe tobacco grown on the 

same farm can be separated during curing because in each curing there should be a selection of 

temperature depending on the environment and curing experiences.   

 

 
Figure 1: Tobacco curing process (Musoni et al., 2013) 

2.8.1  Yellowing stage 

The yellowing stage (chemical conversion) is the first stage that converts starch in tobacco leaf 

into sugar, giving the fruity and colouring. The colors may be lemon, orange and mahogany, 

depending on the amount of nutrients applied during cultivation. This is achieved by heating 

slowly from 27 0C/80 0F to 44 0C/110 0F while maintaining the humidity of the indoor 

environment. During this stage, humidity control is essential to success and is controlled 

through the vent system by adjusting the fresh air exchange rate, which removes the moisture 

up to 20% (Sumner & Moore, 2009). The ventilators are either closed, partially closed or 

opened depending on barn types, speed of curing and loading capacity (Zou et al., 2019). The 
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first stage process takes an average of 24 hours to 72 hours to be completed. However, curing 

time of the first stage varies with stalk position of ripped leaves. For example, lower leaves 

such as primings, and lugs are yellowed in an average of 20 to 30 hours, while upper leaves are 

yellowed at an average of 60 or more hours (Sumner & Moore, 2009). The quality of certain 

varieties may be improved by extending the yellowing period. Certain varieties may sometimes 

yellow before starch is converted to sugar, resulting in pale, slick, immature tobacco (Benozic, 

2020). This stage requires close monitoring since the price of the leaf is determined by its 

desirable colour.  

2.8.2  Fixing color 

The second stage is removing moisture (fixing color) by desiccation which is achieved by 

killing of stomata that prevent the gas exchange between air and stomata that stop change of 

color to undesirable. Denaturing of enzymes in the chlorophyll is achieved by rising of 

temperature from 44 0C/110 0F up to 55 0C/120 0F while decreasing the humidity (TTB, 2019). 

The temperature is increased by putting more fuel while humidity is reduced by opening of the 

ventilators (Zhao et al., 2020). 

2.8.3  Leaf drying 

The third stage is leaf drying, which dries the lamina of tobacco. This is achieved by increasing 

temperature from 130 oF/55 0C to 140 oF/66 oC and closing bottom ventilators, while top 

ventilators are opened by 25%. The leaf drying stage takes about 24 hours to 36 hours 

depending, on the barn model and loading weather condition. During lamina drying, a lot of 

moisture is removed more than in other stages. To avoid moisture accumulation of in the barn, 

there should be a balance between heat, temperature and ventilation (Munanga et al., 2014).  

2.8.4  Midrib drying 

The final stage is midrib drying (drying of the stem) which is achieved by increasing 

temperature from 150 oF/66 oC to 170 oF /77 oC, and all ventilators are closed (Banožić et al., 

2020). This stage takes 20 hours to 48 hours. For easy handling during removal from the sticks 

and market preparation, the vents and door of the barn are kept open for some time to allow 

little moisture 12% to 15% into dried leaves called the conditioning process (Wei et al., 2018). 
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2.9  Types of barn models in Tanzania 

Drying of the ripe tobacco leaves from farm needs energy input such as biomass, air and sun 

energy. The source of energy used to cure classifies the type of tobacco produced. Flue-cured 

tobacco is produced by burning wood at constant heat temperature for several days (7-9 days), 

hence it require large quantities of wood more than other types of curing. In Tanzania, there 

are two flue cued barns model: traditional barns and improved barns.  The explanations of their 

design, differences, efficiencies and inefficiencies are explained in Table 2. 

Table 2: Difference between traditional barns and improved barns 

Musoni et al. (2013) 

2.9.1 Traditional barns (local barns) 

These are the first barns to be used since the establishment of tobacco cultivation in Tanzania 

(TORITA, 2006). The commonly traditional barn is made of the muddy wall, corrugated iron 

roof or the thatch grass, vents placed near roof and wall, furnace placed outside and chimney 

for ventilation. The vents and chimney are used for the ventilation of the barn. Because of 

muddy wall, an unbaked brick, position of chimney and conduit length, much of the heat is lost 

through the wall porous, which makes the local barns inefficient. For example, unbaked bricks 

have a lower heat conductive capacity of about 588 W/m2K, which causes flow of hot air, and 

hence air leaves the barn at the same rate of temperature barn (Musoni et al., 2013). Also, the 

traditional barn is designed of conduit length (4 m) and small heat transfer area about (1.2 m2). 

In contrast, the residence time for hot air is very minimal, hence unused heat exhaust into the 

atmosphere by chimney (Munanga et al., 2014). Furthermore, the traditional barn is roofed by 

thatched grass that reduces the heat loss by moisture which helps during the curing process 

(Chirindo et al., 2017).  

Building 

material 
Traditional barn Improved barn 

Specific Fuel 

Consumption 

14 kg/kg 4.5 kg/kg 

Furnace  Farm brick furnace positioned 

outside the barn  

 

Combustion chamber made with locally 

produced insulative ceramic bricks with 30 by 30 

cm feed chamber, sunken Furnace  

Chimney Exhaust air outlets is positioned 

inside the barn with a small diameter. 

Chimney made from galvanized iron sheets 

which allow preheating of incoming air into the 

barn 

 

Conduits Flue pipe covered by hessian cloth 

Length= 4 m 

Surface area=0.36 m2 

bricks conduits, Zigzag 

Length 13 m 

Surface area=1.17 m2 
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The outside position of the furnace cause heat loss informs of radiation and conduction. 

Because of high heat loss more energy and time are required resulting in large amounts of wood 

being consumed (Munanga et al., 2017). According to Mangora (2005) traditional barns 

consume up 23 m3 of wood fuel to cure one hectare of ripened tobacco leaves. The 

inefficiencies of the traditional barns are resulting in long curing time (9 - 12 days) which, 

causes high fuel consumption and shortage of curing space as a result of continuous ripening 

of tobacco leaves in the fields (Chirindo et al., 2017). In Tanzania, traditional barns include 

local and Malakis (TTB, 2019). 

2.9.2  Improved barns 

These are barns with high efficiency compared with traditional barns. According to TTB 

(2019), improved barns were first introduced in Tanzania since 2006 year. They were 

developed as the strategies to alleviate tobacco related deforestation and to increase tobacco 

production sustainability. In Tanzania, there are three models of improved tobacco barns which 

include standard barns (SB), rocket barn version two (RB2) and rocket barn version three 

(RB3). Also, in Zimbabwe, there are three improved barns known as rocket barn 1 (RB1), 

rocket barn 4 (RB4) and Kutsaga Counter-Current 1 barn (KCC1) (Song et al., 2020). 

According to Scott (2008), and TORITA (2009), improved barns have energy efficiency up to 

54.3% compared to traditional barns (Table 3). Furthermore, Munanga et al. (2017) reported 

that improved barn developed in Malawi reduce wood fuel consumption up 50% compared to 

the traditional barn.  

Table 3: Trend of improved barn models adoption in Tanzania from 2014/15 to 2018/19 

Season years Local barns Improved barns Total number 

of barns 

% of improved 

barn adoption 

2014/2015 192850 54818 247668 22.1 

2015/2016 137139 58943 196082 30.1 

2016/2017 131991 73135 205126 35.7 

2017/2018 103173 78343 181516 43.2 

2018/2019 72741 134641 207382 64.9 

TTB(2019) 

Improved tobacco barns were developed by modification of traditional barns (Scott, 2008). 

These modifications included: sunken position of furnace to reduce heat loss by radiation and 

conduction, large conduit pipe and chimney to increase heat retention time (Munanga et al., 

2014). According to TORITA (2009), sunken and small size of the furnace limits usage of large 
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trees, and only branches and agricultural remaining are used. Extensive works are still going 

on to modify tobacco barns regarding tobacco production volume, since the exiting from 

traditional to improved barns is fitted for small scale tobacco farmers. For example, in current 

developed Kutsaga Counter-Current 1 barn in Zimbabwe use 3.5 kg of wood fuel to produce a 

kilogram of cured tobacco leaves (Munanga et al., 2014). 

Zimbabwe’s study concluded that improved barns are economically suitable for small scale 

tobacco farmers since they reduce wood fuel consumption while maintaining the quality and 

quantity of cured tobacco. Also, improved barns are reported to reduce curing time that reduces 

the rotting of ripe tobacco leaves since tobacco farmers lose thousands of dollars due to decay 

of over ripened tobacco leaf in the field due to barn space shortage (Chirindo et al., 2017). 

2.10  Specific fuel consumption for traditional and improved tobacco barn 

Mass of fuel wood used to cure one kilogram of green tobacco leaf varies in each country 

depending on the type/model of curing barn used, local condition caloric energy of the fuel 

wood used and tobacco leaf position.  The top position of tobacco leaf has low moisture content 

than bottom tobacco leaf hence requires a lower volume of wood fuel (Siddiqui & Rajabu, 

1996). Also, for the improved barns, such as standard barn and rocket barn, wood consumption 

is very low compared to the traditional tobacco curing barn such as Brazilian barn (Munanga 

et al., 2017). According to Chirindo et al. (2017), Tanzanian tobacco farmers use an average 

of 14 kg of wood fuel to produce a kilogram of cured tobacco for traditional barns. A study by 

Musoni et al. (2013) shows that an average of 4.5 kg of wood fuel is used to obtain one kilogram 

of cured tobacco when improved barns are used.  

The adoption of improved barns in Tanzania is increasing (Table 3). For example, five years 

back, improved barns adoption increased by 64.92% from 54 818 barns in 2014/15 to 134 641 

bans in 2018/19. Also, the numbers of local barns decrease from 192 850 barns in 2014/15 to 

72 741 barns 2018/19. According to TTB (2019), approximately 60% to 70% of tobacco 

farmers have already adapted to the use of improved barns, and in 2020, traditional barns will 

be phased out. This effort reduces the massive clearance of forest woodland however; increase 

of tobacco production still remains a challenge as it increases the wood demand that results 

into the increase of deforestation and atmospheric carbon accumulation. This study estimated 

the quantity of wood consumed in 2018/19-crop season due to the tobacco curing process. 
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2.11  The role of forest woodland in sequestration 

Forest woodland has an essential and complex role in the global carbon cycle. This is because, 

during wood land cellular respiration, carbon dioxide from the atmosphere is sequestred (IPCC, 

2003; Williams et al., 2008; Shirima et al., 2011; FAO, 2016). For example, study done in 

tropical trees estimated that one hectare of pine or eucalyptus could sequester up to 10 tons of 

carbon dioxide per year (Myers & Goreau, 1991). The study that was conducted in southern 

Tanzania reported that miombo wood land store 19.2 tons of carbon per hectare with the 

exclusion of below ground carbon sinks (Munishi et al., 2010). Furthermore, the study that was 

conducted in the Eastern Arc Mountains of Tanzania recorded higher carbon stock of miombo 

woodland per hectare (13–30 tons ha⁻¹ of carbon) (Shirima et al., 2011). This discrepancy 

might be due to the different model used, rainfall, temperature and soil characteristic of the 

region. Branches of miombo woodland have higher carbon content (60%) than the stem (40%). 

The miombo woodland species with a high carbon storage capacity include Brachystegia 

spiciformis and Julbernardia globiflora (Munishi et al., 2010; Shirima et al., 2011). 

Newly planted trees in the tropics can remove up to 50 kilograms of CO2 from the atmosphere 

for each year during its growth period of 20–50 years. On the other hand, a tree in temperate 

regions can take up to 13 kilograms of carbon dioxide per year (Brown et al., 2008). Thus, due 

the highest temperature in the tropical region, increases the tree growth rate increases uptake 

of the carbon dioxide. The sustainable management of forest woodlands sequesters massive 

amounts of carbon and contributes to significant carbon pools during their growth (Jonson & 

Freudenberger, 2011). In addition, carbon continues to be stored in the wood products for 

extended periods as they are used and after disposal (Sawe et al., 2014; Ribeiro et al., 2015). 

IPCC (2007) stated that bio-sequestration through reforestation is among the best global carbon 

dioxide mitigations from the atmosphere. According to UN-REDD+, reducing of forest 

woodland-based greenhouse gases emissions is critical to limit global warming. Researches 

have estimated that forest woodland carbon storage is increasing by 139 million metric tons of 

carbon each year globally (Winjum et al., 1998; Mandima, 2017). Developing countries are 

leading countries in conserving forest for carbon dioxide sequestration. Also, there many 

programmes on reducing the emission from deforestation and forest degradation through 

conserving, sustainable management of forests and enhancement of forest carbon stocks. 

The tobacco curing process is among the contributors of carbon dioxide emission into the 

atmosphere and hindrance of bio-sequestration. This is through harvesting of wood fuel 
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(deforestation) which stops the bio-sequestration process and also when the wood fuel 

combusted to emit carbon dioxide into the atmosphere. Estimation done by IPCC (2007) 

reported that deforestation of forest woodland contributes approximately 17% of global 

greenhouse gas emissions per year. In Tanzania tobacco farmers rely heavily on the wood fuel 

for curing of tobacco, which contributes to raising atmospheric levels of carbon dioxide 

(Siddiqui & Rajabu, 1996; Kagaruki, 2010; Mangora, 2012b). 

Globally, there have been efforts in working with tobacco farmers to reduce carbon emissions.  

The goal was to reduce greenhouse gas emissions related to the tobacco curing process by 70% 

by 2020 compared to 2010 (Biesbroek et al., 2014). In 2017, a 38% reduction of greenhouse 

gases; this was achieved by designing a more efficient barn that consumes little wood fuel. In 

2017 alone, about 23 000 improved barns were adopted in Brazil, Indonesia, Italy, Malawi, 

Pakistan, the Philippines, Spain, and Tanzania since the beginning of the program in 2014 

(Biesbroek et al., 2014).  

Moreover, in Tanzania, approximately 60% of tobacco farmers are now using improved 

tobacco barns (RB2) (TTB, 2019). However, these barns are still fueled with wood, which 

means deforestation and carbon emission due to tobacco curing still continue. The effort to 

replace wood fuel with clean and safe alternative energy is needed to protect the environment 

from greenhouse emission. Recently, many studies are ongoing to identify sustainable forest 

management practices capable of preserving forest woodland by finding alternative energy. 

One study proposed that carbon emission from tobacco curing can be mitigated through the use 

of solar drying (Kumar & Kandpal, 2005). In 2017, 36% of the flue-cured tobacco worldwide 

was cured with renewable fuels; as a result GHG emissions from tobacco curing activities were 

reduced by over 330 000 tCO2e (Biesbroek et al., 2014).  

However, in Tanzania, alternative energy to replace wood fuel is not yet started to be used, 

which means all farmers still depend wholly in wood fuel for tobacco curing (Mangora, 2012a). 

A previous study done in Tanzania estimated 4356 tons of CO2 is produced in a season from 

the tobacco curing process alone (Siddiqui & Rajabu, 1996). This shows that the idea that the 

tobacco curing process contributes to global warming is not new.  However, this study 

estimation based only on traditional barn (Malakis barn) use only, while currently, barn has 

been improved their furnace, configuration, and tobacco production has now increased. Hence 

this study will estimate the current amount of carbon emitted and the amount of carbon dioxide 

that has been inhibited from sequestered in the given wood land.  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1  Study area 

This study was conducted at Urambo district, the leading tobacco producing district in the 

Tabora region and Tanzania (Waluye, 1994). It is located in the western part of Tanzania, 

covering an area of 21 199 km2 and an elevation ranging from 1000 m to 1500 m above sea 

level at coordinates of -5°04'0.01" S 32°02'60.00" E. It is bordered by; the Kaliua district to the 

North, Uyui district to the East, Sikonge district to the southeast and the Katavi region to the 

southwest. The climate by average is warm with a daily mean temperature of 24 oC, 68% of 

humidity and over 1000 mm of rain annually. This climate supports the production of different 

crops such as tobacco, maize, beans and vegetables. According to TFS (2019), there are two 

forest reserves known as the North Ugara forest reserve and Ulyankuru forest reserve. The 

cured tobacco in Urambo district is increasing every season. For example, it increased from 

5669.55 tons in 2017/18 to 7736.92 tons of cured tobacco in 2018/19 (TTB, 2019). 

From an economic point of view, tobacco crop is the most important commercial crop in this 

district. This is because of high financial benefits to tobacco farmers and source of district 

income. Also, major Tobacco Companies such as Japan Tobacco International, Alliance One 

and Grand and Magefa tobacco companies are located in the Urambo district which guarantees 

buying of cured tobacco leaves at the highest price.  

The numbers of registered tobacco farmers in the Urambo district change every year depending 

on the demand and availability of Tobacco Companies. Tobacco farmers are managed into 

groups called primary society; Urambo district has 38 active tobacco primary societies, 

whereas to each primary society, there are 400-700 tobacco farmers (TTB, 2019). 
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Figure 2: Map of Tanzania, Tabora Region indicating the study area in Urambo District 

3.2  Data collection methods 

In this study, the structured questionnaires and field observation methods were used to monitor 

closely the wood fuel consumption (kg) per cured tobacco leaves (kg). 

3.2.1  Household survey  

The structured questionnaires were prepared according to the study objective and administered 

to 892 tobacco farmers in the study area. The questionnaire contained four sections. The first 

section referred to the collection of the biographic information of the respondents. The second 

section was about tobacco production, barn model and wood fuel consumption. The third 

section referred to sustainable measures employed to avert tobacco related deforestation and 

the final section aimed at assessing the socio-economic factors.  

Randomly selection was done to get 30% of Urambo district farmers as the sample survey 

representatives (Delice, 2010). This was achieved by stratified random sampling choosing three 

Tobacco Farmer Primary Cooperatives in each three-tobacco zones. Thus, resulted into 9 

tobacco farmer primary cooperatives which are: Mirambo, Imalamakoye, Nsenda, Nsanjo, 
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Kitete, Maendeleo, Katunguru, Ugala and ChapaJembe. Collectively, the number of 

respondents in this study was 892 tobacco farmers representing 30% of 2972 the total number 

of tobacco farmers in the Urambo district (Fig. 3). Prior information was sent to the villagers 

through their Tobacco Farmer Primary Cooperatives for preparedness. 

 
Figure 3: Study sample size. Field survey (2020) 

3.2.2  Quantification of annual area of forest wood land cleared in 2018/19 season 

Monitoring of four barn model was done to identify the exact Specific Fuel Consumption (SFC) 

in Tanzania. Those barns included a traditional barn, rocket barn (RB2 and RB3) and standard 

barn. Then, the average wood fuel to tobacco mass ratio was converted into total wood 

consumption per each barn by using the formula (Equation 1) adopted from the study of Musoni 

et al. (2013). After that, the quantities of wood fuel consumed for each barn were converted 

into area of forest woodland cleared in 2018/19 using the formula (Equation 2 and Equation 

3). 

 Tobbaco Mass Ratio (SFC) =
𝑚𝑎𝑠𝑠 𝑜𝑓𝑤𝑜𝑜𝑑 𝑓𝑢𝑒𝑙 (𝑘𝑔)

𝑚𝑎𝑠𝑠 𝑜𝑓𝑐𝑢𝑟𝑒𝑑𝑡𝑜𝑏𝑎𝑐𝑐𝑜 (𝑘𝑔)
… … … … … … … … … … … … … … . . (1) 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑜𝑜𝑑 𝑓𝑢𝑒𝑙 = 500
𝑘𝑔

𝑚3
… … … … … … … … … … … … … … … … … … … … … … . . (2) 

1 ℎ𝑎 𝑜𝑓 𝑤𝑜𝑜𝑑 𝑙𝑎𝑛𝑑 𝑖𝑛 𝑎 𝑦𝑒𝑎𝑟 = 21𝑚3 𝑜𝑓 𝑤𝑜𝑜𝑑 𝑓𝑢𝑒𝑙 … … . … … … … . . … … … … … … . . (3) 
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3.2.3  Quantification of annual atmospheric carbon dioxide accumulation in 2018/19 

crop season 

Wood fuel used for the tobacco curing process contains carbon content captured from the 

atmosphere during the photosynthesis process. Every one kilogram of dry wood fuel contains 

50% carbon content (Huangfu et al., 2014). Thus, using wood fuel during the tobacco curing 

contribute to the atmospheric carbon dioxide concentration in the atmosphere. This study used 

the formula (Equation  4) developed by County (2012) to quantify the amount of carbon dioxide 

that was emitted in the 2018/19 crop season. 

Moreover, massive clearance of forest wood land for tobacco curing hinders the sequestration 

of carbon dioxide. This situation contributes to the accumulation of atmospheric carbon dioxide 

in the atmosphere. This study used the formula (Equation  5) developed by Munishi et al. 

(2010) to calculate the amount of carbon dioxide hindered by sequestration. 

1 𝑘𝑔 𝑜𝑓 𝑤𝑜𝑜𝑑 𝑓𝑢𝑒𝑙 = 50% 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 … … … … … … … … … … … … … … … … … … . . (4) 

1 ℎ𝑎 𝑜𝑓 𝑚𝑖𝑜𝑚𝑏𝑜 𝑤𝑜𝑜𝑑𝑙𝑎𝑛𝑑 = 10 𝑡𝑜𝑛𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 … … … … … … … … . . . . (5) 

3.2.4  Economic assessment of tobacco curing 

Net revenue per hectare is profit obtained directly by the farmer from cultivating one hectare 

of tobacco production. The method used to measure the economic profitability of given tobacco 

curing technology was Cost-Benefit Analysis (CBA). This involves the average net revenue 

earned and, or costs saved as the result of using a given tobacco barn technology. It helped to 

suggest the main requirements that a proposed alternative barn technology should require for 

easy adoptability by tobacco farmers. This study used the formula (Equation 6) to calculate the 

average net revenue of tobacco production per hectare and the formula (Equation  7) was used 

to estimate the average total revenue. The total cost of tobacco production was calculated by 

summing up all costs required for tobacco cultivation and tobacco curing process. 

𝑇𝑅 = 𝑝 × 𝑚 … . . … … … … … … … … … … … … … … … … … … … … … … … … … … … … … . 𝐸𝑞6 

Whereas 𝑇𝑅 = Total Revenue per hectare, 𝑝 =average selling price per hectare and 𝑚 = average 

mass of tobacco production per hectare. 

 

𝑁𝑅 = 𝑇𝑅 − 𝑇𝐶 … . . … … … … … … … … … … … … … … … … … … … … … … … … … … … … . 𝐸𝑞7 
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Whereas; NR=Net Revenue per hectare, TR= Total revenue per hectare, 

TC= Total cost per hectare 

3.3  Data analysis 

Data collected were analyzed using the content analysis method for open-ended questions that 

entailed open coding, thus line by line examination and axial coding identification of emergent 

narrative patterns. Besides, IBM Statistical Package for the Social Sciences (SPSS) program 

version 21 (IBM Corp 2013) was used to manage and analyze the collected data. Descriptive 

statistics, including frequencies and cross tabulations were generated by using Microsoft Excel. 

Significant differences in mass wood fuel consumption ratio were calculated by using One-

way ANOVA (F-Statistics).  

Also, Cost-Benefit Analysis was used to estimate the economic implication of the tobacco 

curing process in the Urambo district. In addition, quantifying the annual area of wood land 

cleared and carbon dioxide accumulation in the atmosphere were calculated using Microsoft 

Excel.   
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1  Impact of tobacco curing on the environment 

Tobacco productions have an impact on the environment since it requires wood fuel for tobacco 

curing. Wood fuel needed for the tobacco curing is mainly harvested from forest woodland, 

hence resulted in deforestation. Also, during the tobacco curing by using wood fuel, carbon 

dioxide gas is emitted into the atmosphere, which results in global warming. This study 

estimated the amount of carbon dioxide emitted in the 2018/19 crop season, and the hectare of 

woodland forest cleared. Besides, the amount of carbon dioxide blocked from sequestration 

was estimated.  

4.1.1  Annual area of forest woodland cleared for tobacco curing in 2018/2019 crop 

season 

This study noted that 95% of all farmers obtain wood fuel from the woodlands such as 

Ulyankuru forest reserve, North Ugara forest reserves, and other forest woodlands, while only 

5% harvest wood fuel was from the planted forest (woodlot) (Fig. 4). According to tobacco 

farmers, woodlot cannot accommodate the wood fuel for tobacco curing for all seasons, 

because of the long growth rate and lack of enough land for plantation. The current result agrees 

with other studies done in Tanzania and Zimbabwe which revealed that tobacco farmers rely 

heavily on wood fuel to cure tobacco which contributes to deforestation (Sauer & Abdallah, 

2007; Mangora, 2012b). 
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Figure 4:  Source of wood fuel for tobacco curing process in Urambo District, Tanzania. 

Field survey data (2020) 

Since 95% of wood fuel was harvested from natural woodland, based on Equation 2 Urambo 

district is estimated to lose 5 974.14 ha of natural forest woodland and 381.32 ha of woodlot 

plantation (Table 7). The current study indicates that the Urambo district harvested about 

36.21% of the Tanzania forest area for curing tobacco out of the 16 500 ha of forest annually, 

as estimated by Kagaruki (2010). The research study by Jew et al. (2017) reported 4134 ± 390 

ha to be cleared each year in the Urambo district for tobacco curing. The current study 

estimated 5974.14 ha of natural forest and 381.32 ha of planted woodlots were cleared for 

tobacco curing; these estimates were above than those reported by Jew et al. (2017) because of 

the increase in tobacco production. Furthermore, the global assessment of tobacco-related 

deforestation estimated 200 000 ha of natural forests woodlands are cleared for tobacco farming 

each year (Geist, 1999). This discrepancy might also be due to increased tobacco production 

from 60 000 tons in 2010 to 70.8 megatons in 2018. The estimated area of forest woodland 

cleared due to tobacco curing may seem negligible when compared to national scale. However, 

the magnitude is higher on the local scale. The TFS (2019) reported that in the Urambo district, 

the natural forest /woodlands are likely to be cleared if the current trend of tobacco production 

continues.  

There is a correlation between wood fuel consumed and the annual area of woodland cleared 

for tobacco curing in the Urambo district (Table 4). The increase of wood fuel demand for 

tobacco curing resulted in massive destruction of forest woodland. Therefore, whenever 

tobacco production volume increased; the demand for wood fuel for tobacco curing also 

increased, and hence increased the rate of forest clearance. This study found that the rate of 

5%

95%

Plantation (Woodlot)

Indegenous forest



 

31 
 

tobacco production volume related to deforestation depends on the type of tobacco curing barn 

used in the specific area/region (Mangora, 2012b). The traditional curing barn model users 

resulted in a high deforestation rate than those using RB2 rocket barn models (Table 5). 

Therefore, it is recommended for carrying out studies on alternative technologies to replace the 

wood fuel for tobacco production sustainability and forest conservation. 

Table 4: Correlation between wood fuel consumption and area of the woodland cleared 

  A B c d e f g h I j 

A 1***          

B 0.770*** 1***         

C 0.69** 0.649** 1***        

D 0.544** 0.867*** 0.183 1***       

E 0.69** 0.649** 1*** 0.183 1***      

F 0.544* 0.867** 0.183 1*** 0.183 1***     

G 0.69** 0.649* 1*** 0.183 1*** 0.183 1***    

H 0.544* 0.867*** 0.183 1*** 0.183 1*** 0.183 1***   

I 0.69** 0.649** 1*** 0.183 1*** 0.183 1*** 0.183 1***  

J 0.544* 0.867*** 0.183 1*** 0.183 1*** 0.183 1*** 0.183 1*** 

Field survey data (2020) 

Correlations are significant at P ≤ 0.05 (where; *, **, and *** are significant at P≤0.05, P≤0.01 and P≤0.001 

Respectively. 

a-tobacco region, b-tobacco production (kg), c-mass (kg) of tobacco using traditional barn, d-mass (kg) of tobacco using rocket 

barn, e-mass (kg) of wood in consumed using traditional barn (annually) = 10.5*mass of wood fuel, d-mass (kg) of wood in 

consumed using rocket barn (RB2) annually  = 6.2*mass of wood fuel, e-volume of wood fuel consumed by using traditional 

barn =mass(kg)/500(kg/m3), h-volume (m3) of wood fuel consumed by using rocket barn =mass(kg)/500(kg/m3), i- estimated 

Area (ha) of woodland cleared annually by Traditional barn= volume of wood/21m3, j-estimated area (ha) of woodland cleared 

annually by rocket barn = volume of wood/21m3 

4.1.2  Specific Fuel Consumption of each tobacco barn models in Tanzania 

Table 5 indicates the average wood fuel-tobacco mass ratio of four tobacco barns models. The 

specific fuel consumption of different curing barn types is an excellent indicator to of 

deforestation and atmospheric carbon dioxide accumulation in the Tanzania atmosphere. 

According to TORITA (2020), there are four models of curing barn; traditional barn, rocket 

barn version 2 (RB2), rocket barn version 3 (RB3) and standard barn (Table 5).   
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Table 5: Average specific wood fuel consumption of different barn model 

Type of Barn model Mean wood fuel (kg) of of cured tobacco (kg)± SE 

Traditional Barn 10.50 ±0.02a 

Rocket Barn version 2 6.20 ± 0.01b 

Rocket Barn version 3 4.60 ± 0.01d 

Standard Barn 5.50 ± 0.05c 

One-way ANOVA (F-Statistics) 8267*** 
Field survey data (2020) 

Data for specific fuel consumption obtained from close monitoring of the tobacco curing 

process done at TORITA in the 2019/20 crop season. Results showed that traditional curing 

barn consumed significantly (P<0.001) large quantities of wood fuel (10.5 kg) to cure a 

kilogram of tobacco green leaves compared to a standard barn, which consumed 5.50 kg of 

wood fuel to dry a kilogram of tobacco. The RB2 consumed significantly (P<0.001) large 

quantities of wood fuel (6.20 kg) to cure a kilogram of tobacco leaf in comparison with rocket 

barn version 3 (RB3), which consumed 4.6 kg of wood fuel to cure a kilogram of tobacco 

(Table 5). This indicates that rocket barn version three (RB3) is more saving energy efficient 

compared with the other three tobacco barns.  

This study found that rocket barn (RB2), which consumes 6.20 kg of wood fuel to cure a 

kilogram of tobacco, is more adopted by most of tobacco farmers, accounting for 60% (Fig. 5). 

Then, it was followed by traditional barn (38%), standard barn (1.4%) and finally rocket barn 

3 (0.6%). Thus, it indicates that tobacco farmers are very slow in adopting the use of improved 

curing barns. Therefore, the current study used traditional barn and rocket barn (RB2), which 

Urambo farmers mostly use, in estimation of deforestation and atmospheric carbon dioxide 

accumulation in 2018/19 crop season (Fig. 5).  

 

Figure 5:  The adoption rate of tobacco barn models in Urambo district (Field survey, 

2020) 
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4.1.3  Wood fuel consumed annually in the 2018/19 crop season 

In the Urambo district, about 7736.92 tons of the cured tobacco were produced in the 2018/19 

crop season in which 4363.62 tons of cured tobacco were produced by using traditional barn 

(TB) and 3373.3 tons of cured tobacco were produced by using rocket barn (RB2) (Table 6). 

This study estimated that, 45 818.03 tons and 20 914.44 tons of wood fuels were consumed by 

traditional barn and rocket barn version 2, respectively. In the Urambo district alone, an 

estimate of 0.067 megatons of wood fuel was consumed for the tobacco curing process 

compared with 0.31 megatons of wood fuel consumed in all the tobacco producing regions in 

Tanzania (Table 6). 

Table 6: Wood fuel consumption per barn model in 2018/19 crop-season 

Tobacco region A b c d E 

Tabora 9647.22 5431.39 4215.84 57029.54 26138.18 

Urambo 7736.92 4363.62 3373.3 45818.03 20914.44 

Kaliua 10139.72 5009.02 5100.28 52594.71 31621.72 

Sikonge 6974.44 1841.25 5133.19 19333.15 31825.77 

Kahama 11009.48 1321.12 9688.34 13871.95 60067.72 

Mpanda 7144.03 3600.59 3543.44 37806.22 21969.33 

Iringa 277.34 0 277.34 0 1719.51 

Chunya 11923.07 2348.85 9574.23 24662.88 59360.21 

Kigoma 4672.92 971.97 3700.95 10205.65 22945.9 

Songea DFC 1247.77 0 1247.77 0 7736.17 

Total 70772.91 24841.29 45931.62 260833.55 284776.02 

Field survey data (2020) 

a-Tobacco production (tons) in the region 

b-Mass of tobacco (tons) cured using Traditional barns 

c- Mass of tobacco (tons) cured using Rocket barns version 2 

d-Mass of wood (tons) fuel consumed annually (10.5 x Mass of tobacco cured) using Traditional barns 

e- Mass of wood (tons) fuel consumed annually (6.2 x Mass of tobacco cured) using Rocket barns 2 

4.1.4  Annual area of forest woodland cleared in 2018/19 crop-season 

In the Urambo district, 95% of total tobacco farmers harvest wood fuel from indigenous forest 

woodland and only 5% harvest wood fuel from plantations (woodlot) (Fig. 4). This study 

estimated the area of forest woodland cleared in the 2018/19 season from the quantity of wood 

fuel harvested for tobacco curing, where in Urambo district about 4 363.62 ha and 1 991.85 ha 

of forest land area were cleared when curing by using traditional and rocket barns, respectively 

(Table 7). Additionally, this study estimated that Tanzania loses 24 841.29 ha of woodland 

from traditional barns and 27 121.53 ha of woodland using rocket barn version 2 (RB2) (Table 
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7). Based on Equation 2, Urambo district alone lost about (2%) of the total woodland i.e. 6 

355.47 ha of woodland due to the tobacco curing process, while the whole country lost a total 

of about 27 122 ha of woodland due to the tobacco curing process in Tanzania (Table 7). 

Table 7: Forest woodland cleared per barn model in 2018/19 crop-season 

Tobacco region a b c D 

Tabora 114059 52276 5431 2489 

Urambo 91636 41829 4364 1992 

Kaliua 105189 63243 5009 3012 

Sikonge 38666 63652 1841 3031 

Kahama 27744 120135 1321 5721 

Mpanda 75612 43939 3601 2092 

Iringa 0 3439 0 164 

Chunya 49326 118720 2349 5653 

Kigoma 20411 45892 972 2185 

Songea DFC 0 15472 0 736.8 

Total 521667 569552 24841 27122 

Field survey data (2020) 

a-Volume of wood fuel (m3) consumed using Traditional barns (Mass (Kg)/500 (Kg/m3)) 

b-Volume of wood fuel (m3) consumed using Rocket barns 2 (Mass (Kg)/500 (Kg/m3)) 

c- Area of woodland cleared annually (ha) when Traditional barns is used = volume of wood/21m3 

d-Area of woodland cleared annually (ha) when Rocket barns 2 is used = volume of wood/21m3 

4.1.5  Carbon dioxide emitted through tobacco curing in 2018/19 crop-season 

Table 8 show the estimated amount of carbon dioxide emitted during the tobacco curing 

process when traditional barn and rocket barn were used.  The estimation amount of the carbon 

dioxide emitted was done using the amount of wood used during the tobacco curing process as 

described in section 3.2.3. In the Urambo district, the estimated amount of carbon dioxide 

emitted by using traditional and rocket barns were 22 909.02 and 10 457.2 tons, respectively. 

Furthermore, in Tanzania, the estimated amount of carbon dioxide emitted by using traditional 

and rocket barn was 130 416.78 tons and 142 388.01 tons, respectively. 
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Table 8: Carbon dioxide emitted through tobacco curing per barn model in 2018/19  

a b C d E 

Tabora 57029.54 26138.18 28514.77 13069.09 

Urambo 45818.03 20914.44 22909.02 10457.22 

Kaliua 52594712.08 31621.72 26297.36 15810.86 

Sikonge 19333.15 31825.76 9666.57 15912.88 

Kahama 13871.94 60067.72 6935.97 30033.86 

Mpanda 37806.22 21969.33 18903.11 10984.66 

Iringa 0 1719.51 0 859.75 

Chunya 24662.88 59360.21 12331.44 29680.11 

Kigoma 10205.65 22945.9 5102.83 11472.95 

Songea DFC 0 7736.17 0 3868.08 

Total 260833.55 284776.03 130416.78 142388.01 

Field survey data (2020) 

a- Tobacco region 

b- Mass (tons) of wood consumed using traditional barn (TB) 

c- Mass (tons) of wood consumed using rocket barn model (RB2) 

d- Amount of Carbon (tons) emitted from tobacco curing using traditional barn model (TB) =50% of mass 

dry wood fuel 

e- Amount of carbon (tons) emitted from tobacco curing using rocket barn model (RB2) =50% of mass dry 

wood fuel 

The tobacco curing process is one of the contributors to carbon dioxide accumulation in the 

atmosphere. This occurs when wood fuel is used as an energy source during tobacco leaf drying 

stages and when clearing forest woodland (deforestation). 

4.1.6  Carbon dioxide hindered from sequestration in 2018/19 crop-season 

The amount of carbon dioxide that was rendered from sequestration annually in the 2018/19 

crop season is shown in Table 9. The results showed that 4363.62 ha was cleared when curing 

using traditional barn (TB), which hinders about 43 636.2 tons of carbon dioxide from the 

atmosphere. In addition, when rocket barn (RB2) is used, about 1991.85 ha of woodland was 

cleared, which hindered about 19 918.51 tons of carbon dioxide from the atmosphere (Table 

9). 
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Table 9: Annual carbon dioxide hindered from sequestration in 2018/19 crop-season 

a B c d E 

Tabora 5431.38 2489.35 54313.85 24893.5 

Urambo 4363.62 1991.85 43636.22 19918.51 

Kaliua 5009.02 3011.59 50090.2 30115.93 

Sikonge 1841.25 3031.03 18412.52 30310.25 

Kahama 1321.14 5720.74 13211.38 57207.36 

Mpanda 3600.59 2092.32 36005.92 20923.17 

Iringa 0 163.76 0 1637.63 

Chunya 2348.85 5653.35 23488.45 56533.53 

Kigoma 971.97 2185.32 9719.67 21853.23 

Songea DFC 0 736.78 0 7367.78 

Total 24841.29 27121.53 248412.91 271215.26 

Field survey data (2020) 

a- Tobacco region 

b- Estimated Area (ha) of woodland cleared annually by TB 

c- Estimated Area (ha) of woodland cleared annually by RB2 

d- Amount of CO2 (megatons) hindered from sequestration per year using traditional barn model (TB) 

=hectares of tree cleared*10 tons 

e- Amount of CO2 (megatons) hindered from sequestration per year using rocket barn model (RB2) 

=hectares of tree cleared*10 tons 

Based on the Equation 3, the total amount of carbon emitted from the tobacco curing process 

in the Urambo district was 0.03 megatons. This was far less than reports which revealed that 4 

356 tons of CO2 were produced in a given season from the tobacco curing process alone 

(Siddiqui & Rajabu, 1996).  

Furthermore, forest woodland traps atmospheric carbon dioxide, but the moment they are 

cleared down, carbon dioxide in that area can no longer be absorbed as it was before (Abrams 

& Rue, 1988). Thus, the study estimated about 4363.62 ha of forest woodland was cleared for 

wood fuel when using traditional barn (TB), which could cause hindrances of about 43 636.22 

tons of carbon dioxide. Comparably, rocket barn version 2 (RB2) usages contributed about 1 

991.85 ha of woodland clearances for wood fuel during tobacco curing, which might hinder 

approximately 1 9918.51 tons of carbon dioxide (Table 9).  

Based on the Equation 1 and 2 about 6355.47 ha of forest woodland were cleared for tobacco 

curing in the Urambo district, which could have absorbed 63 554.7 tons of carbon dioxide from 

the atmosphere in the 2018/19 crop season (Table 9). Carbon dioxide emitted from the tobacco 

curing process combines with oxygen to produce atmospheric carbon dioxide. Atmospheric 

carbon dioxide absorbs the long wavelength radiation that leads to global warming when it is 
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emitted. The current study has shown the impact of tobacco cultivation on forest or woodland 

clearance, resulted into carbon dioxide accumulation in the atmosphere and contributing to the 

global warming. Therefore, further research is recommended in future to extend the impact 

studies of tobacco on quantifying soil erosion volume caused by deforestation. There is a lack 

of information on how the tobacco curing process contributes to atmospheric carbon 

accumulation in local settings as the available information and only estimating 17% of carbon 

dioxide to be emitted from the tobacco related deforestation (IPCC, 2007). 

4.2  Social and economic aspect of tobacco curing 

This subsection reports the social and economic aspects related to tobacco curing in the 

Urambo district, especially in 2018/19 crop season. 

4.2.1  Social aspects of tobacco curing 

The social aspects associated with tobacco curing were assessed and reported in Fig. 6. Major 

aspects that were assessed included the labour intensity, tedious work, and food insecurity, 

school drop-out of students and disruption of the forest social services. On the labour intensive, 

farmers complained that the tobacco curing process requires a large amount of labour to 

produce a quality of flue-cured tobacco leaf. The workforce is needed in all process from 

harvesting, leaf-tiring, loading of green tobacco leaf to the barn, off-loading cured tobacco, 

grading etc. These activities are laborious and time consuming and agree with the research 

results reported by Arcury and Quandt (2006). During the tobacco curing process, many 

laborers are required associated with labor costs that reduce net revenue to the tobacco farmers. 

The 23% of Urambo district respondents reported that farmers need to invest long time from 

harvesting to grading stage since the process takes about 12 to 20 days. The long time required 

for tobacco curing makes tobacco growing family to only depend on tobacco production. The 

long time spent to the tobacco curing process was also reported by Hendlin and Bialous (2020).  

This study found that most tobacco farmers in the Urambo district cannot afford to pay costs 

to the higher number of labourers, and hence on some occasion, they use children as cheap 

labour.  In some cases, it results in students stopping going to school in respect of their parents 

(Kibiki, 2017). Thus, increase number of illiterate in tobacco-growing regions.  Studies in 

Kenya showed that family members in the tobacco-growing areas are involved in the tobacco 

curing process (James, 2018). In Tanzania, the worst forms of child labour, including curing 

tobacco day and nights, were identified in the tobacco agricultural sector, mainly in the Urambo 



 

38 
 

district (URT, 2017). A research study by Masiaga (2015) in tobacco crop pinpointed that the 

tobacco curing process is the major factor for most students to have poor attendance in school 

by engaging in tobacco curing.  

School drop-outs of students due to tobacco curing were also reported by many tobacco farmers 

in the Urambo district (Fig. 6). Tobacco curing involves many activities starting from 

harvesting, tying tobacco leaves, and loading tobacco leaves to the curing barn. These activities 

require extensive, and most small scale farmers cannot afford to pay for laborers, hence they 

always use their children as labourers TTB (2019); Personal communication with the Chairman 

for Milambo Primary Society).   

 

Figure 6: Social aspects of tobacco curing (Field survey, 2020) 

Tobacco production contributed to food insecurity in the Urambo district, whereas there is no 

reliable access to a sufficient quantity of affordable and nutritious food. The majority of 

tobacco farmers reported that the food insecurity in the Urambo district is due to the depletion 

of soil nutrients by tobacco production. Tobacco is widely known to be a nutrient heavy feeder 

crop for nitrogen, phosphorus and potassium and, hence reduces soil fertility and resulting in 

low production to the subsequent food crops (Cavlek et al., 2006; Henry et al., 2019; Reed et 

al., 2019; Lisuma et al., 2020). Furthermore, tobacco-related deforestation (for curing tobacco) 

contributes to soil erosion and degradation of the arable land and low food production (Novotny 

et al., 2015).   
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Most tobacco farmers (95%) reported severe deforestation problem that leads to disruption of 

forest social services in Urambo district (Fig. 6). The disrupted forest social services mentioned 

by tobacco farmers in the Urambo district included; recreation services, spiritual services, 

collection of medicinal plants and aesthetics. It was revealed that many people in the Urambo 

district used natural woodland forests for different activities and had strong cultural and 

spiritual attachments to the forests. Therefore, forest destruction undermines the capacities of 

these people to survive culturally and spiritually. Njana et al. (2013) reported that forest 

woodland is vital for social service since 5% of rural people depend on medicinal collection, 

but also people use it for praying. 

4.3  Economic aspects of tobacco curing  

Figure 7 indicates the average selling price of the cured tobacco per kilogram. The majority of 

tobacco farmers (82%) sell one kilogram of cured tobacco at 3000-3999 TZS. About 15% of 

farmers sell their cured tobacco at 2000-2999 TZS per kilogram, and the remaining 2% sell at 

4000-4999 TZS per one kilogram of cured tobacco. According to Tanzania Tobacco Board, the 

average selling price of one kilogram of cured tobacco in the 2018/19 season was 3565 TZS. 

Thus, most of tobacco farmers (82%) in the Urambo district got the national average price of 

3565 TZS/kg of purchased tobacco.  

 

 
Figure 7:  Response to selling price per kilogram of cured tobacco in 2018/19 season 

(Field survey 2020)  
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The research results indicate that the tobacco production in the Urambo district is rapidly 

increasing, and the majority of farmers producing about 1500 – 2000 kg of tobacco per hectare 

(Table 10). The increase in tobacco production is attributed to increased tobacco demands from 

the tobacco buying companies and tobacco prices per kilogram. In the Urambo district, the 

tobacco volume production increased from 5669.55 tons in 2017/18 to 7736.92 tons in the 

2018/19 season (Table 1). Moreover, the increase in tobacco production is correlated to the 

increase in price per tobacco kilogram. In this study, it was found that the average price of 1 

kg of tobacco for the 2018/19 season was 5750 TZS while the best leaf fetched price was 

6536.6 TZS and the lowest price was 1490.4 TZS (TORITA, 2020). The results concur with 

other studies that declared that the selling price factor leads to increased tobacco production in 

Tanzania (Temu, 1980; Waluye, 1994; Mangora, 2012a).  Temu (1980) reported that increased 

selling price per kilogram from 900 TZS in 1987 to 1500 TZS in 1990 attracted farmers from 

Kigoma, Mpanda and Shinyanga shift to the Urambo district for tobacco farming. This suggests 

that tobacco production increases due to the rise in price and economic importance to the 

Urambo district. 

Table 10: Quantity of cured tobacco produced per hectare in 2018/19 crop-season 

Tobacco production per hectare (kg/ha)  Percentage of respondents 

Below 1500 kg 7.1 

1500 – 2000 kg 91.8 

above 2000 kg 1.1 
Field survey data (2020) 

According to TTB (2019), tobacco farmers are willing to produce any quantity of tobacco 

required by tobacco companies (buyers) as long as there is assured demand of tobacco from 

the tobacco companies. For instance, in the 2017/18 season, 5282 registered farmers produced 

5669.55 tons of tobacco, while in the 2018/19 season, 2972 registered farmers produced 

7736.92 tons of tobacco as demanded by tobacco buyers. Thus, when tobacco demand 

increases from the tobacco buyers, the volume of tobacco produced also increased, and is not 

directly related to the increased number of farmers. The tobacco curing process involves a 

process that either adds profit or reduces profits depending on either compliance or not for 

curing tobacco. These processes are categorized as the direct and indirect processes that affect 

the social and economic related to tobacco production.  

The tobacco crop is one of the most profitable cash crops for both large-scale and smallholder 

farmers (Keyser, 2002) and is the first crop to earn foreign exchange (Cleland & Doherty, 2016; 
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BOT, 2020). This study revealed that tobacco production provides high net revenue for all 

tobacco barn users in the Urambo district. Furthermore, this study suggests that tobacco 

remains the most attractive agricultural activity to all farmer’s scale even in under progressively 

tricky market conditions. 

4.3.1  Tobacco production costs  

Tobacco production involves many costs, including; land preparation, infrastructures 

maintenance costs, loading green leaf to the barn costs, curing costs, off-loading cured leaf 

costs, grading costs and baling costs. These costs were categorized into two stages, namely 

tobacco-growing cost and tobacco curing cost (Table 11). The costs of tobacco cultivation were 

the same for each barn as curing barn model is only functional to the curing of harvested 

tobacco leaf. This study estimated the tobacco curing cost of each tobacco model per hectare. 

The variable cost was of traditional barn model is higher (400 850 TZS) as compared to other 

improved barn model. Majority of farmer reported that traditional barn model require high 

quantity of wood fuel which increase the variable costs while improved barn model have 

consume low quantity of wood fuel (Table 11).  

Table 11:  The total costs, total revenue and net revenue of each tobacco barn model in 

2018/19 

Barn model 
Variable 

cost 

Fixed 

cost 

Additional 

cost 

Total 

cost 

Total 

revenue 

Net 

revenue 

Traditional 

barn (TB) 
4 000 850 725 282 820 709 5 546 841 5 650 525 103 684 

Rocket barn 

(RB2) 
3 957 150 736 782 820 709 5 514 641 5 650 525 135 884 

Rocket barn 

(RB3) 
3 934 150 844 882 820 709 5 599 741 5 650 525 50 784 

Standard barn 

(SB) 
3 945 650 849 482 820 709 5 615 841 5 650 525 34 684 

Field survey data (2020) 

NOTE: VARIABLE COST (Nursery 175 352 TZS; inputs 142 209TZS; Field costs 1 358 150 TZS; inputs 1 130 749 TZS; 

fuel wood 595 309 TZS; transport 70 840 TZS: Therefore, AVEREGE TOTAL VARIABLE COSTS is 4 000 850 

TZS. FIXED COST (such as watering can, hoe, axle, barn thermometers, construction and repair of curing barns, 

grading, baling. cost about 844 882 TZS) Therefore, AVEREGE TOTAL FIXED COST is 844 882 TZS. 

ADDITIONAL COSTS (labourers, medicals, food and accommodation is 820 709 TZS. Therefore, AVEREGE 

TOTAL ADDITIONAL COST is 820 709 TZS. 
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This study estimated the total cost of the tobacco curing process of each barn model. The cost 

of tobacco curing differs from one barn model to another. This is due to different inputs of 

wood fuel costs, barn installation and health cost. The total tobacco production costs per hectare 

for traditional barn  (TB), rocket barn (RB2), rocket barn (RB3) and standard barn (SB) was 5 

546 841, 5 514 641, 5 599 741 and 5 615 841 TZS, respectively (Table 11). The results of this 

study indicate that tobacco production seems to be very high, with high up-front costs that 

smallholder farmers may not be able to afford. A research study by Keyser (2002) indicated 

that the overall cost of tobacco production is very high and become a barrier to most cash-poor 

smallholders to persist longer in tobacco production. 

Tobacco farmers in the Urambo district depend wholly on wood fuel consumption for tobacco 

curing (Mangora, 2012b). According to TORITA (2020), there is no adopted alternative energy 

source so far. The cost of using wood fuel for the traditional barn model was observed to be 

more expensive (595 309 TZS per hectare) compared with other tobacco barn model (Table 

11). The difference in wood fuel cost was due to the different in the energy efficiency of 

improved tobacco barn models. High wood fuel consumption by using traditional barn was 

also revealed by Siddiqui and Rajabu (1996). According to them, the traditional ban model 

consumes a large quantity of wood fuel (10.5 kg) that result in the high costs. Research study 

by  Hendlin and Bialous (2020) showed the higher energy efficiency of rocket barn than the 

conventional barn. From these studies, it can be concluded that higher energy efficiency of the 

tobacco barn model signifies lower wood fuel cost, and lower energy efficiency indicates a 

higher cost of wood fuel. 

Tobacco barn model installation and maintenance costs also correlate highly with total cost 

(Table 11). This study showed that standard barn model and rocket barn model (RB3) cost 

were significantly (P<0.001) higher than any other barn model. The TORITA (2020) explained 

that the lower cost for building traditional barn model was because many building materials 

are found within the area and many tobacco farmers build traditional barn model by themselves 

without building expert. The rocket barn and standard barn models require exotic installation 

materials and construction expert which causes rising of installation and maintenance cost. 

Rocket barn model version three (RB3) has high installation cost (820 000 TZS) compared to 

other tobacco barns in Tanzania. That cost results were lower compared to cost of installation 

in Zimbabwe which was estimated to be about 1 750 000 TZS. The differences in cost might 

be due to the size of the barn and the cost of building materials. For this reason traditional barn 
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and rocket barn version two (RB2) are highly adopted in Urambo district as compared to 

standard barn and rocket barn version three (RB3). 

Most of the tobacco farmers in Urambo district devote an average of 1 ha to 3 ha per season 

while each hectare requires three barn models (TORITA, 2020). A minimum of 3 barn models 

are built for those devoting one hectare and a maximum of 9 barn models for those devoting 

three hectares. The increase of area for cultivation increases the numbers of tobacco barns 

which increases the tobacco curing cost. However, Milambo Cooperative Union reported that 

most of the farmers cannot afford to build three tobacco barn models for every hectare resulting 

in the decay reaped tobacco leaves, hence reducing the quantity and quality of cured tobacco 

which reduced the net revenue. Kibwage et al. (2014) revealed that tobacco production requires 

occupation and extensive labor which increasing the total costs of production and hence net 

revenue reduction. Also, the study conducted by Makoka et al. (2017) found that sometimes 

tobacco farmers ends up in loss due to extensive labor work needed during tobacco production. 

The majority of tobacco farmers in the Urambo district harvest wood fuel far from the curing 

site; hence they incur a cost to transport wood fuel.  The wood fuel obtained near the curing 

site has a lower cost, while wood fuel obtained from far incurs higher cost. This study observed 

that currently woodland near the curing site has been totally cleared; hence farmers have to 

move long distance to harvest wood fuel. Our results agree with Waluye (1994)  study, which 

reported that Urambo district farmers often move distance to harvest wood fuel for tobacco 

curing. Also, our findings are in agreement with the study by Lawrence et al. (2020) who found 

that many forest woodlands near the homestead have been cleared than those far from the 

homestead. This results in increases in the wood fuel cost.  

4.3.2  Revenue of tobacco production  

The total revenue per hectare depends on the quantity of cured tobacco produced per hectare 

and the selling price per kilogram. There are some changes in tobacco price per kilogram and 

yields per hectare in every season (Table 10). However,  Keyser (2002) revealed that tobacco 

production would remain relatively profitable, even if prices fell considerably. The majority of 

farmers in the Urambo district sell a kilogram of cured tobacco at an average of 3565 TZS (Fig. 

7), compared to 5635 TZS per kilogram in Zimbabwe (Scoones et al., 2018). The difference in 

tobacco selling price might be due to a given country’s economic status, levies and taxes 

imposed in tobacco crop (Drope et al., 2017). 
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Most of respondents produce 1500 – 2000 kg of cured tobacco in one hectare. The average 

mass of cured tobacco in a one acre is 1 585 kg. From the Equation 6, estimated total revenue 

per hectare was equal to 5 650 525 TZS (Table 11). This is higher revenue than other crops 

such as tea hence tobacco production is considered highly profitable for all small and large 

scale tobacco farmers (Keyser, 2002). 

4.3.3  Net revenue of tobacco production  

Tobacco is among the cash crops which play a key role in the economic development of the 

Urambo district TTB (2019), as a result of this, high net revenue obtained from tobacco 

farming. Based on Equation 7, tobacco farmers gained average net revenue of 103 684, 135 

884, 50 784, 34 684 TZS from one hectare for using the traditional barn, rocket barn (RB2), 

rocket barn (RB3) and standard barn (SB) respectively in 2018/19 season. The net revenue of 

RB2 barn is higher (135 884 TZS) followed by traditional barn (103 684 TZS), justifying the 

adoption of these curing barns by the majority of the Urambo district farmers (Fig. 4). This 

means that rocket barn (RB2) was more profitable than other barn models due to lower wood 

fuel cost and installation cost. Our results concur with the study of Scott (2008), who reported 

that there is an increase of 10% of financial benefit when the rocket barn model (RB2) is used 

for tobacco curing.  

This study indicates that the standard barn model was more expensive in terms of installation 

cost than other ban models resulting in low benefits (Table 11). Farmers have motives in 

gaining benefits and will choose affordable infrastructures but, with high profit margin. 

Therefore, traditional barn and rocket barn (RB2) models have high net revenue per hectare 

compared with standard barn and rocket barn (RB3) models. Due to this reason, RB2 barns 

were easily adopted by smallholder farmers in the Urambo district than RB3 barns (Fig. 4). A 

study by Maw et al. (1985) showed similar results that improved RB2 barn models might save 

up to 690 000 TZS per curing season compared to the traditional barn models. The differences 

in net revenue might be due to the long time spent and higher installation cost for the traditional 

barn, which reduces the net revenue compared to the improved RB2 barn, which increased 

revenue due to the lower cost of wood fuel. 

Thus, the study signifies that the net revenue is the motive factor for the RB2 and traditional 

tobacco barn adoption in the Urambo district. Therefore, higher net revenue from tobacco 

production is attractive to farmers and keeps them in a loop for production continuity (Moyo, 
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2014). This was also revealed in Malawi, whereby the price is the motive factor for increasing 

tobacco production  (Manyanhaire & Kurangwa, 2014).  

4.3.4  Correlation between the total costs and net benefits 

The correlation between the total costs and the net benefits are shown in Table 12. The 

installation cost of tobacco barn increased with the modification done in the furnace, channel 

and chimney. This study found that the installation cost for a traditional barn was cheaper 

because there was no modification in the furnace, channel and chimney. At the same time, 

improved barns have higher modifications in furnace, channel and chimney hence higher 

installation costs. Furthermore, this study found that rocket barn version 3 (RB3) has high 

installation costs because of higher modifications that make it more energy efficiency than 

other tobacco barns. That is why the lower wood fuel cost of the rocket barn version 3 (RB3). 

In summary, it can be concluded that installation cost increases inversely with an increase of 

wood fuel cost. Because as the installation cost increases, the barn is more energy efficient and 

hence lower wood fuel consumption.  

Table 12:  Correlation between the installation cost, wood fuel cost, maintenance cost, 

and net benefits 

  A B C    D 

A 1    

B -0.822** 1   

C 0.923*** -0.796** 1  

D 0.985*** -0.715** 0.913*** 1 
Field survey (2020) 

Correlations are significant at P ≤ 0.05 (where; *, **, and *** are significant at P≤0.05, P≤0.01 and P≤0.001, 

Respectively 

Note: A-Installation cost, B-Wood fuel cost, C-Maintenance cost, D-Net benefit 

The installation cost also correlates with the maintenance cost (Table 12). The installation cost 

of the tobacco barn model increase, increases the maintenance cost hence increase of the total 

cost of tobacco production.  Standard barn and rocket barn version three have higher total cost 

due to higher installation cost as compared to traditional and rocket barn version two lower 

(Table 12). According to the tobacco farmers, the higher installation cost is due to the materials 

needed for construction and expert to construct a barn from outside the Urambo district. Hence, 

even during the repairing of the improved barn the experts and materials have to be transported 

to the site, which leads to higher makes maintenance costs.  
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4.4  Challenges faced by tobacco farmers during tobacco curing and proposed 

solutions  

Challenges faced by tobacco farmers in the Urambo district during the tobacco curing are 

shown in Fig. 8. Challenges facing tobacco farmers during the curing differ among the farmers 

as they have different skills since areas are not the same. However, the curing stage’s major 

challenges encountered were grouped into two, the effect of long rainfall season associated 

with the lower heat distribution to the curing barn and the poor design of channels.  

 

Figure 8: Challenges of tobacco curing in Urambo district (Field survey 2020) 

Research findings observed that curing tobacco leaf during the long rainfall season, heat 

generated in a furnace intended to flow inside the channel towards the curing barn is lost outside 

the furnace. Thus farmers are forced to use more wood fuel quantities to cure the tobacco, and 

hence the big challenge to them is the reduction of the net revenue as the cost of wood fuel is 

increase. During the longer rainfall season the wood fuel consumption is much higher as most 

of the channels have been designed and constructed poorly with leakages and hence heat loss.  

Farmers were allowed to propose solutions to the challenges encountered during the tobacco 

curing stage. The findings indicate that most tobacco farmers (79%) suggested providing of 

cheap and affordable alternative curing sources of energy to replace wood fuel (Fig. 9) as 

sourcing and loading wood fuel to the furnace is very laborious and time consuming. Research 

studies by Cole and Cole (2006) and  Nayak (2013) revealed that most tobacco farmers are still 

using wood fuel instead of coffee husks because of wood availability, easy to store and require 

no modification of tobacco barn. However, the need for alternative curing energy apart from 
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wood, is of most important; because some of impacts of using wood fuels are not realized at 

the time of usage, but their occurs in future to cause global warming, disappearance of forest 

extinction tree species and soil erosion (Owusu & Asumadu-Sarkodie, 2016). Thus, Lawrence 

et al. (2020) advised that the government to support the efforts to design the alternative tobacco 

curing technologies and conserving the forest woodland for deforestation mitigation and 

climate change. 

 
Figure 9: Suggested solutions to challenges of tobacco curing (Field survey 2020) 

There is a green light for the Urambo district to use alternative energy source to cure tobacco. 

TORITA (2020) research finding using RB2 curing barn in the testing possibility of two 

sources, briquettes from organic materials (rice husks) and coal to cure green tobacco leaf, 

showed promising results.  About 56 204 kg of organic briquettes with the calorific value of 

3133 cal/g cured 1585 kg of tobacco at the cost of 2 604 192 TZS per hectare. The coal observed 

to have a higher calorific value (4462.97 cal/g) and used 4105 kg of coal to cure 1585 kg of 

tobacco, but at very high cost of 4 210 300 TZS per hectare compared with 9510 kg of wood 

fuel with the calorific value of 4218 cal/g to cure the same volume of tobacco at the cost of 626 

158 TZS per hectare. Despite having a high calorific value for coal in curing tobacco, the use 

of coal was not recommended in the tobacco sector for the sustainability of tobacco based on 

three facts. First, the use of coal in curing tobacco was very costly to be affordable by farmers. 

Second, coal is a non-renewable resourced and hence can be used to cure tobacco sustainably. 

Third, the use of coal emits carbon dioxide that contributes to global warming, thus not 

recommended.  
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Despite the reasonable efforts made by TORITA on research for alternative sources of curing 

tobacco, there is a need to improve the calorific value of organic briquettes by mixing with 

other organic materials of high calorific value to reduce the costs in curing tobacco. However, 

tobacco farmers should be fairly involved from the start to the end to increase the adaptability 

of any new curing source technology Kurangwa et al. (2015). 

Therefore, to mitigate the encountered challenges faced by farmers during the curing of 

tobacco, we propose the following strategies; first, further research is required to look for the 

most probable, affordable alternative curing energy source in collaboration with the farmers 

for the sustainability of tobacco crop. Secondly, the tobacco sector should look for the funds 

and support tobacco farmers to repair or improve the channels design that allow efficiently 

flow of heat into the curing barns with minimal heat loss. Finally, farmers should be supplied 

with protective gears from the fieldwork towards the curing stage as they are exposed to danger 

when loading wood fuel to the furnace.  
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1  Conclusion 

The present study indicates that tobacco is a cash crop of economic importance in the Urambo 

district. The tobacco crop requires wood fuel for curing tobacco leaf; about 95% of the farmers 

outsource wood fuel from the forest reserve and only a few (5%) from planted woodlots. Most 

of the Urambo district farmers are using rocket barn version 2 (RB2) and traditional barn (TB).  

These barns observed to consume much significantly wood fuel 6.20 and 10.50 kg of wood 

fuel to cure a kilogram of tobacco than rocket barn version 3 (RB3) and standard barn (SB), 

which consumed 4.60 and 5.50 kg of wood fuel to cure a kilogram of tobacco leaf. In the 

2018/19 crop season about, 5974.14 and 381.32 ha of forest reserve and woodlots plantations 

are estimated to be cleared for curing tobacco, respectively, in the Urambo district and hindered 

63 554.73 tons of atmospheric carbon dioxide from sequestration. During the curing time of 

tobacco leaf, the study estimated 33 366.24 tons of carbon dioxide released into the atmosphere 

to cause global warming.  

The study further assessed the social aspects associated with all stages of tobacco production 

which explored tobacco as labor-intensive, disruption of forest services, student drop-out from 

school, tedious work, time consuming crop, and leave little time for other food crops and food 

insecurity. Social aspects observed the tobacco farmers to spend more time on tobacco 

production, which later exacerbated the illiteracy and poverty as children were mostly used in 

farming operations. Following the impacts of tobacco curing using wood fuel on the 

environment, the current study proposed developing alternative sources of energy to replace 

wood fuel usage; hence, reduce deforestation and carbon dioxide accumulation in the 

atmosphere.  

5.2  Recommendations 

(i) For the conservation of forest woodland, this study suggests developing alternative 

curing technologies to replace wood fuel. Thus, it will speed up the conservation of 

woodland forest and reduce global warming.  
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(ii) Since tobacco is the first earner crop for foreign exchange in Tanzania, the government 

should put policies that govern forest woodland conservations and strictly impose laws 

and regulations to anyone harvesting forest trees without a permit. 

(iii) The current research has pinpointed the impact of growing tobacco on deforestation and 

the accumulation of carbon dioxide in the atmosphere following curing tobacco using 

wood fuel. Therefore, further studies are recommended to study the tobacco 

production’s impacts impact on the agrochemicals use to its residuals in soils. 

(iv) The majority of the tobacco farmers are subjected to high risk on their health following 

using agrochemicals in fields and exposure to the heat during the curing tobacco, but 

do not have protective gears. Therefore, the current study recommends that personal 

protective equipment’s (PPE) be given to farmers as package with agrochemicals and 

instructing farmers on how to use the PPE. 

(v) Tobacco is grown as a monocrop leaving unprotected upper soil against wind and water 

runoff causing soil erosion. Thus, further research is required to establish tobacco 

production’s impact on soil loss through erosion and propose affordable solutions to 

soil loss.   
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APPENDICES 

Appendix 1: Structured questionnaire 

Background information 

My name is Domitius Katatwile, a Master student at Nelson Mandela Institution of Science 

and Technology (NM-AIST). I am doing a research on Assessment of the Impact of Tobacco 

Curing on Forest Woodland and Need for Alternative Curing Technologies. All the 

information to be collected from this survey will be used for academic purposes and will be 

treated with privacy and confidentiality. Your response to this questionnaire will be greatly 

appreciated in this research. 

Questionnaire No ……. 

Date ../../ 2020 

I. Demographic Data 

1. Sex:                         Male                                                                         Female 

 

2. Age :                      18-30           31-40            41-50            51-60                 60+ 

 

3. Education level attained:            Primary                 Secondary               tertiary         

others 

4. Marital status:  

       Single, never married               Married or domestic partnership           Widowed 

              Divorced                                       Separated 

5. What is your main source of income?   

    Formally employed                                      Tobacco farming                          Both  

 

Objective 1: To quantify and qualify cleared woodland area for tobacco curing in Urambo 

district 

II. Tobacco production and Barn wood usage 

6.  Are you a registered tobacco farmer? …… if yes when did you venture into tobacco 

farming?          19   1991-2000                               2001-2010                            2011-2020 

7. How many hectares do you devote toward tobacco cultivation? 

      ≤ 3ha                    3-7ha                                        +8ha 

8. What is the average yield per hectare? 

      ≤ 500kg             600-800kg                 900-1100kg                   1200-1400kg 

9. Which barn do you use to cure tobacco? 

       Brazilian barn                             Rocket barn                                            Standard barn 
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10. What source of energy do you use for curing? …………. 

11. If is wood, from where do you get it? 

              Woodlot (plantation)                                                Indigenous forest 

12. Approximately how much fuel wood did you use to cure tobacco this season (kg per 

hectare)? How do you estimate? 

……………………………………………………………………………………. 

13. From which time do you start and finish curing (Time per hectare)? .................... 

14. Are you facing any problems during curing? If yes what are those?…………… 

15.  Possible solutions do you thing can reduce those problems? ......... 

III.  Sustainable Measures Employed to avert tobacco related deforestation 

16. From the time you have been here, what is your comment about indigenous plant 

population within this area? Is it Constant   or    Declined     or     Serious Declined  

17. Which tree species are most favourable to use as wood fuel?................................. 

18. What sustainable measure are you implementing as tobacco farmer to avert 

deforestation?........ 

19. What role is being played by statutory bodies such as TORITA, TTB, Environmental 

Management Agency and Forest Commission in sustainable use of 

forest?....................................................................... 

20. What do you think needs to be done so as to ensure sustainable tobacco 

production?.............................. 

21. What do you see as challenges to sustainable forest resource utilization in tobacco 

curing?......................................... 

Objective 2: To evaluate socio-economic benefit on adaptability of alternative 

tobacco curing technology 

IV. Economic evaluation, benefit and adaptability 
22. How much did you use to install the barn currently in use? ………………….. 

23. Do you buy wood fuel for tobacco curing? …………. 

24. If YES, what are the charge rates of the firewood per hectare (TSH)…………………  

25. How much cost do you incur in all process of curing (TSH per 

hectare)?.............................................. 

26. What is the selling price of your tobacco per kilogramme? ………………………….  

22. What is quantity of cured tobacco reach the recommended standards for one 

hectare?............................................................. 
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23. What are the challenges to attain the recommended standard? What should be 

done?............................................ 

24. When alternative curing technology is introduced, how do you think you will be 

affected?....... 
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RESEARCH OUTPUTS 
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environmental degradation in Urambo district. Journal of Biodiversity and 

Environmental Science, 18(1), 88-95. https://www.innspub.net/wp-content/uploads/ 

2021/ 06/JBES-Vol-18-No-1-p-88-95.pdf 

Poster presentation  

Poster Effect of tobacco curing process toward environmental degradation in Urambo district 

https://www.innspub.net/wp-content/uploads/


 

71 
 



 

72 
 



 

73 
 



 

74 
 



 

75 
 



 

76 
 



 

77 
 



 

78 
 

 

 

 

  



 

79 
 

Poster presentation  

 
 


