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Abstract 

Soils, and managed agricultural soils in particular, represent a potentially significant low cost sink for 
greenhouse gases (GHGs) with multiple potential co-benefits to farm productivity and profitability 
(Jonathan, Ryan and Jeffrey, 2010). The great majority of agronomists and soil scientists agree that most 
agricultural soils can store more carbon and even a modest increase in carbon stocks across the large 
land areas used for agriculture would represent a significant GHG mitigation.  

Sugarcane accompanied with good farming practices has the potential to sequester considerable 
amounts of carbon and so contribute to climate change mitigation. However, little has been done to 
provide relevant information concerning carbon sequestration in crop lands and sugarcane in 
particular. This research work focuses on finding out the ability of sugarcane to sequester carbon in the 
soil and involves analyzing four different sugarcane varieties among those grown by Kakira sugar 
works limited to assess their potential to sequester carbon. It is believed to provide the management of 
Kakira and other stakeholders the relevant information against which to base decisions for developing 
CDM projects to mitigate climate change through agriculture. Sugarcane grown in Kakira estates has 
the potential to sequester carbon between 589.11 to 591.12Tc/ha. Therefore, with proper agronomic 
practices, carbon sequestration in sugarcane is a potential CDM project. 
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Introduction 

Policy makers in Uganda, and many other nations, are currently debating how to design, implement 
and monitor carbon pollution reduction schemes (CPRS) as an important tool to reduce greenhouse gas 
emissions. Biospheric carbon offsets including soil carbon sequestration have the potential to be 
important components of any CPRS but numerous uncertainties still exist, especially within the 
agricultural sector, which are major barriers to effective policy implementation. 

Soils, and managed agricultural soils in particular, represent a potentially significant low cost sink for 
greenhouse gases (GHGs) with multiple potential co-benefits to farm productivity and profitability 
(Jonathan, Ryan and Jeffrey, 2010, Lal 2004a; Pacala and Socolow, 2004). The great majority of 
agronomists and soil scientists agree that most agricultural soils can store more carbon and even a 
modest increase in carbon stocks across the large land areas used for agriculture would represent a 
significant GHG mitigation. However, currently, there is much uncertainty and debate, particularly 
within Australia, as to the total potential of soils to store additional carbon, the rate at which soils can 
store carbon, the permanence of this carbon sink, and how best to monitor changes in soil carbon stocks. 

Throughout this research, I will primarily discuss the technical potential, defined by the biophysical 
conditions of the system, for agricultural land to store additional soil organic carbon (SOC) through 
improvements in management. It is very important to realize that this technical sequestration potential 
will likely never be fully realized due to a whole host of economic, social and political constraints 

Soil carbon 

Soil carbon sequestration is gaining global attention because of the growing need to offset the rapidly 
increasing atmospheric concentration of carbon dioxide (CO2). This carbon dioxide enrichment is 
associated with an increase in global warming potential and changes in the amount and effectiveness of 
precipitation (McKenzie, February 2010). The increase in atmospheric carbon dioxide concentration also 
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is reducing pH and carbonates ion concentration in the ocean and may adversely affect key marine 
organisms 

The 36% increase in atmospheric carbon dioxide concentration from a pre-industrial level of 280 ppm to 
380 ppm in 2006 has been caused mainly by fossil fuel combustion, land use conversion, soil cultivation 
and cement manufacturing. 

Soils contain large amounts of carbon in both organic and inorganic forms. Organic C is found in soils 
in the form of various organic compounds, collectively called soil organic matter (SOM). The amount of 
C found in SOM ranges from 40 to 60% by mass. Strictly speaking, SOM includes all living and non-
living organic material in the soil (Jonathan, Ryan, and Jeffrey, 2010; Baldock and Skjemstad 1999). The 
living component includes plants, soil fauna and microbial biomass. 

The non-living component, representing the bulk of SOM, includes a spectrum of material from fresh 
residues and simple monomeric compounds to highly condensed, irregular polymeric structures with 
residence times varying from days to millennia. 

Globally, the top meter of soil stores approximately 1500 Pg as organic C and an additional 900-1700 Pg 
as inorganic C and exchanges 60 Pg C yr-1 with the atmosphere, which contains 750 Pg C as carbon 
dioxide (CO2) (Eswaran et al. 1993; Schlesinger 1997). The shear size of the soil carbon pool and the 
annual flux of carbon passing through the soil are two of the reasons that SOC can play a significant 
role in mitigating GHG emissions. 

How clean development mechanism work 

A developed country (Annex I party) may invest in a project in a developing country (Uganda).  If the 
project reduces, or avoids GHG emissions, then the Developed country party can claim a portion of the 
certified emission reduction units (CERUs).   CERUs can be used by northern companies to "redeem" 
emissions against national obligations, or be traded on the open market among others. 

Clean Development Mechanism measures recognize that carbon sequestration is effective in reducing 
emissions of greenhouse gas to the atmosphere. It enables accumulation of sellable CERs, each 
equivalent to 1ton of carbondioxide which developed countries can count towards meeting their Kyoto 
targets. Enhancing carbon sequestration in sugarcane cultivation through improved land management 
and agricultural practices has the potential for reducing emissions to the atmosphere and can be 
adopted as a climate change mitigation measure. Sugarcane cultivation is an agricultural activity that 
falls under category two of the CDM projects (Isabirye, 2011). 

Status of CDM Projects in Uganda 

The potential for Uganda to benefit from CDM is significant; the Uganda Investment. Authority which 
markets opportunities for CDM and carbon market investment has identified thirty sites suitable for 
mini-hydro power investment which could generate between 1 -20 MW each; NFA has available large 
areas set aside for industrial forest plantation in chunks of 500 to 15000 hectares on 49-99 year leases, 
and the new PoA facility opens up huge potential for programmatic efforts within wood fuel efficiency 
projects – 93% of Uganda’s energy consumption originates from biomass. 

Problem Statement 

Experiments show that changes in the area under agriculture, land use and land management practices 
can lead to changes in the biomass stocks and soil organic matter of the upper soil (Ping Chang, 2007). 
Sugarcane crop residues contain substantial quantities of C and plant nutrients, but there have been 
relatively few studies of how sugarcane residues enrich the soil and contribute to C sequestration, and a 
few studies that have been undertaken especially in Uganda, have not been specifically on sugarcane 
Currently, there is not enough research on the topic of anthropogenic impacts on the formation and loss 
of soil inorganic C to be able to assess its sequestration potential and it is only the organic C pool that is 
under consideration for inclusion in various emission reduction schemes. The available scientific 
knowledge of how local soil properties and climatic conditions affect soil carbon stock changes and 
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carbon fluxes is insufficient and conflicting (UNEP, 2012). The purpose of this study is to address these 
knowledge gaps by determining the total carbon stocks in growing sugarcane and sequestration 
potentials following retention of sugarcane residues. It is also reacting to the UNEP year book ( 2012) on 
the benefits of soil carbon, that identifies a Knowledge gap and recommends further research to 
facilitate accurate predictions of the impacts of climate change on soils, soil carbon and associated 
ecosystem services at scales relevant to local management, as well as to national carbon inventories. 

Significance of the Study 

Currently, there is much uncertainty and debate, particularly within Uganda, as to the total potential of 
agricultural soils to store additional carbon, the rate at which soils can accumulate carbon, the 
permanence of this sink, and how best to monitor changes in SOC stocks (UNEP, 2012). There is a 
strong theoretical basis partially supported by a limited number of field studies for significant SOC 
sequestration potential in several Ugandan agricultural sectors. The general lack of research in this area 
is currently preventing a more quantitative assessment of the carbon sequestration potential of 
agricultural soils. To help clarify some of these issues, this research will present both a review of the 
mechanisms of carbon capture and storage in agricultural soils by analyzing and publishing the 
potential of a sugarcane crop to sequester carbon plus evidence for SOC stock changes resulting from 
shifts in agricultural management taking the case of Kakira estates. This study will provide a basis for 
sugarcane plantation soil management practices for multiple economic, societal and environmental 
benefits requires integrated policies and incentives that maintain and enhance soil carbon. It will again 
serve as a stepping stone for other researchers and academicians who would wish to research further 
on carbon stocks and sequestration in agricultural fields and clean development mechanism projects in 
Uganda.  

Main objective 

To access the carbon sequestration potential of sugarcane grown in Kakira sugar estates in relation to 
different varieties 

Specific objectives 

 To estimate the total biomass of sugarcane varieties per hectare  

 To quantify the total soil carbon for undisturbed soil with in the study area 

 To quantify the average carbon stocks per sugarcane variety per hectare in Kakira sugar estates 

 To estimate the carbon sequestered by sugarcane at the end of the year with respect to the different 
varieties grown in Kakira sugar estates 

Research hypothesis 

The research statements for which the analysis will provide answers are as sugarcane  grown in Kakira 
sugar estates has no significant carbon sequestration potential and sugarcane growing in Kakira sugar 
estates can not generate significant carbon emission reductions to justify a clean development 
mechanism project 

Geographical location 

Kakira is about 106 km east of Kampala, the capital city of the Republic of Uganda. It is located in the 
district of Jinja, 10 kms from Jinja town on Tororo road. It lies on the northern shores of Lake Victoria 
and its land scape is made up of scattered hills - with the highest being 1,279m above sea level. On the 
map, its Latitude – 00 30' North and Longitude – 330 17' East 
(www.madhvanifoundation.com/downloads/mgm-oct09.pdf). It   is the location of the headquarters of 
the Madhvani Group conglomerate. On a 9,500 hectares (37 sq mi) estate, the Group owns a sugarcane 
farm and a sugar manufacturing complex, Kakira Sugar Works. They also own a sweets & 
confectionery factory, Kakira Sweets & Confectioneries Limited. Also on the estate the Group has an 
electricity generating plant, producing 22MW of power for use on the complex with the excess sold to 

http://www.madhvanifoundation.com/downloads/mgm-oct09.pdf
http://en.wikipedia.org/wiki/Madhvani_Group
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the Ugandan national grid. Narshibhai Naran Pankhania and family are well known in Kakira. The 
Madhvani estate at Kakira employs in excess of 7,500 people. The Madhvani Group also owns a private 
100-bed hospital; Kakira Hospital and a private airport, Kakira Airport among others. 

Litrature review 

The United States Department of Energy estimated that the world carbon dioxide (CO2) emissions for 
2005 were around 26.33 billion metric tons and were projected to increase to 30.20 billion metric tons by 
the year 2010. Therefore, as well as reducing atmospheric CO2 by the introduction of new methods of 
low emission energy production, carbon also needs to be sequestered by as many new and innovative 
methods as possible. Sequestration of carbon is currently largely dependant on existing forestry or 
hardwood plantations broadly described as ‘woody plants’. However, the land area available for 
woody plant production has become limited due to the increasing demand for agricultural production. 
With this in mind a more recent approach has been to look at increasing the world’s soil carbon stocks: 
these have been estimated to be around 2.4 g C m-2 yr–1 (Parr, Sullivan and Quirk, 2009). 

Thus with a growing population and increased demand for food production, improving methods to 
store additional terrestrial carbon, in agricultural soils and degraded landscapes is a logical approach. 
Nevertheless, uniform results when quantifying soil carbon is not always easily achieved. This is 
largely due to differences in methodologies, the range of soil carbon fractions and rates of 
decomposition resulting in both spatial and temporal variability (García-Oliva and Masera, 2004). 
Moreover, the rigor necessarily required in soil carbon quantification can involve the collection of many 
samples and costly analyses (García-Oliva and Masera, 2004). An alternative approach to this is to 
quantify a carbon fraction before it is incorporated into the soil. One natural carbon process that can be 
calculated before it is integrated into the soil matrix is the phytolith occluded carbon (PhytOC) fraction 
produced by some plants (Parr and Sullivan, 2004, 2005). Previous studies have indicated that 
sugarcane is particularly efficient at this process (Sullivan and Parr, 2005, 2007). In their book they 
discussed the process of PhytOC production in plants, and how this carbon fraction can be increased 
and accurately quantified. 

Phytoliths are found in many plants particularly grasses and are prolific in sugarcane which is grown 
on around 20 million hectares worldwide (FAO, 2001). Also referred to as ‘plantstones’ or ‘plant opal’, 
phytoliths are silicified cell structures that occlude carbon (Wilding et al., 1967). The silicified epidermal 
cells of the leaf and stem within all grasses are particularly good at occluding carbon (Parr and Sullivan, 
2005). This carbon fraction is likely made up of the internal cytoplasmic organic cellular material 
(Wilding et al., 1967). Upon harvest in the case of crops, or at maturity with e.g. pasture or native 
grasses, leaf material is deposited onto the soil surface: phytoliths later become incorporated into the 
soil matrix during decomposition of the plant organic material. 

The occlusion of carbon within phytoliths has been demonstrated to be an important long-term 
terrestrial carbon fraction (Parr and Sullivan, 2005) representing up to 82% of soil carbon in some buried 
soils after 2000 years depending on the overlying vegetation type and drainage regime. 

Moreover, it has been demonstrated that relative to the other soil organic carbon fractions that 
decompose over a much shorter time scale, the carbon occluded in phytoliths is highly resistant against 
decomposition (Wilding et al., 1967; Wilding and Drees, 1974; Mulholland and Prior, 1993; Parr and 
Sullivan, 2005). 

The Sugarcane plant  

Sugarcane (Saccharum Officinarum) belongs to the genus Saccharum which is a member of the family 
Gramineae in the tribe Andrpogoneae (Mukiibi, 2001). It is a tall perennial tropical grass which fillers at 
the base to produce unbranched stems, 3-4m or more tall, and on average 5cm in diameter. The stem is 
the economical part and is divided into a series of joints each consisting of a node and an internode. The 
buds are alternate on the stem and the leaf sheath envelopes the stem for considerable time. By harvest 
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time there are 20-30 internodes on a single stem, each internode being 10-20cm long, depending on 
climate, edaphic factors and plant introduction. For example a stem might have short and thin 
internodes in its central portion, reflecting retarded growth during dry weather, and much longer and 
thicker ones which were developed during wet periods. Individual stems weigh between 500g and 
2.0kg. The cane color depends on the variety and on exposure to the sun, which has a darkening effect 
(Mukiibi, 2001). The most common colors of canes are yellowish green and purple.   

 

Figure 1: A growing sugarcane plantation on Kakira estates 

Growth requirements  

To do well, sugarcane requires an average rainfall of 1500mm/year well distributed over 9months 
(Mukiibi, 2001). However, the maximum amount of rainfall required differs considerably, according to 
the moisture retaining capacity of the soil and temperature levels. Sugarcane can survive normal 
variations in rainfall around a mean of 1200mm/year but lower rainfall are not suitable. 

The growing season should be warm with mean day temperature of 28-30oc. temperatures below 20oc 
retard growth while those above 30oc reduce photosynthetic rate. Photorespiration increases with 
temperature. Cane appears wilted irrespective of water supply when temperatures approach 35oc and 
growth is curtailed. Low temperatures are the most effective means of ripening cane, counteracting 
adverse factors such as excessive moisture or nitrogen (Mukiibi, 2001). 

Sugarcane flourishes on a great variety of soils ranging from the wind-blown sands of the coast of Natal 
to the heavy intractable clays found in parts of Jamaica. The most favourable soils are those having a 
superficial layer with average texture and porous subsoil (Blackburn, 1984). However, it has a special 
liking for light, deep, well aerated and well drained soil (Mukiibi, 2001). 

In Uganda sugarcane is suited to large areas around Lake Victoria and according to Hansford (1924), in 
Mukiibi’s book of 2001, it can be assumed that wherever elephant grass grows luxuriantly, it is more 
than likely that sugarcane will do well. On the other hand, it does not do well on ‘’murram’’ soil. 

Planting requirements  

It is essential in cane growing to have separate plant nurseries individually tended. This entails 
rigorous crop protection measures, systematic programming of work and first class management. The 
seed canes are harvested at 8-10months and 12months at maximum because buds or eyes of older canes 
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are more resistant to the longer hot water disinfection treatment that they require. Only sets from plant 
cane harvested in nurseries and planted the previous year, are planted. 

Commercial fields are planted with plant cane from third stage nurseries. Third stage nurseries are 
planted with plant cane from second stage nurseries. First stage and second stage nurseries are situated 
in the centre of the plantation, near the set treatment station. Where as third stage nurseries are situated 
close to the commercial fields in which they will be planted (Mukiibi, 2001).   

Husbandry  

Land preparation involves clearing the forest and stump removal, building terraces or ridges to prevent 
soil erosion, grading the soil slope of the ground in preparation for irrigation by gravity, demolishing 
large termite hills and creating network of tracks and concrete structures such as bridges and tunnels. 

Three eyed sets are planted in furrows at a depth of 20-30cm and 1.5m between the rows and covered 
with 5-7.5cm of soil. The planting material is obtained from either the harvested cane or from seed 
nurseries. The sets are planted in rows and they are placed end to end with a slight overlap. Gaps of 
more than 0.6-0.9m should be filled with sets at earliest opportunity to ensure that the shoots are not 
shaded out the more advanced growth of the original sets. 

In Uganda, cane fields, can be planted at almost any time of the year, though it is best to avoid dry 
periods in uplands as the plants are then delayed in germination and early growth. The plants should 
be mature and ready for harvesting in 15-24months depending on the season and variety of cane. 

The determination of maturity of a field of cane is one of the most important aspects in managing the 
plantation. After the boom period of growth, some of the stems change from the vegetative to the 
reproductive state and produce a reproductive inflorescence called ‘arrows’ or ‘tassels’. A more precise 
way of determining maturity is by using a hand refractometer which reads a Brix number. For a mature 
cane, the Brix should be about 20%.   

Yields and Production trends  

Relatively enormous yields are obtained during the first few years of cultivation after opening from 
bush or forest (Mukiibi, 2001). The highest tonnage so far recorded in Uganda was for a field on old 
forest land which gave an enormous crop of 272t/ha. However, the average yield on estates is 90-
110t/ha. Yields of 40-60t/ha are considered low. It is expected that a tonne of sugar can be obtained 
from 11 to 12tonnes of cane although, better outputs have been achieved.  

Sugar is the greatest traded commodity in the world in terms of volume and this trade Promotes 
massive large scale employment in growing the various crops, processing them into sugar, in trade and 
during consumption in the growing service industries. 

Sugar manufacturing is also a relatively carbon neutral and environmentally friendly process, apart 
from transporting the raw or processed products from one destination to another. 

One tone of sucrose (sugar) while being made in the sugar cane plant sinks 1.45 tonnes of carbon 
dioxide from the atmosphere. 

Sugar production and consumption in Uganda and in the East African Community, while small in 
global terms, is vital to the local economy both in terms of employment and as a provision of taxes for 
government. However without care, this industry is vulnerable to forces that could make it uneconomic 
for continued performance in the region. This would be a pity to say the least. 

Uganda is not and never will be amongst the lowest cost producers of sugar and therefore we must 
continue to exercise extreme caution when dealing with the economics of this sensitive product. There 
are opportunities and threats that need exploiting or mitigation against, not least is the regional 
treatment by Kenya of COMESA sugar and to a lesser extent but on the global scale are the WTO trade 
negotiations. 
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Kakira sugar works limited  

Kakira sugar works started in 1930 with varieties like Co-421, Co-945 and Co-449 (Michaeldavis, 2008). 
The sugar factory has been expanded steadily and is currently operating at a crushing capacity of 6,000 
tons cane per day during a 10.5 month crushing season. A confectionery factory within the complex also 
produces a variety of sweets and toffees and other confectionery items. 

Sugar-cane is cultivated on the company's own nucleus estate of over 9,700 hectares (Ha) but the 
majority of the cane is supplied from 6,000 outgrower farmers with more than 18,000 hectares under 
cane, for production of 150,000 Tons of sugar per year - making this Uganda's largest sugar producer. 
To cater to the needs of the agricultural development of Kakira, the Company established a sugarcane 
nursery for treated seed cane, a full fledged Agronomy Section with an Applied Research Centre. 

 

Figure 2: Kakira Sugar factory ( www.madhvanifoundation.com) 

 

The Company employs over 7,500 people and has been responsible for the socio-economic development 
of this rural area. 

In addition to direct employment, Kakira's activities support the local community – outgrower farmers, 
cane transporters, ancillary and support industries, etc. This has contributed significantly to the 
Ugandan Government's poverty alleviation programme. Including dependent families, Kakira Sugar 
Works provides the means of livelihood to over 75,000 people in the South Busoga region of Uganda. 

Current Knowledge of Soil Organic Carbon 

Soil organic carbon is of global importance as it is the largest carbon stock in most terrestrial ecosystems 
(Kiely et al. (2005; Eswaran et al., 2000; Jobbagy and Jackson, 2000). Soil organic carbon is of local 
importance as it is an essential component (58% ) of soil organic matter (SOM). It is composed of living 
biomass, detritus (recognizable dead biomass) and humus (non-living amorphous floral and faunal 
residues). These SOM ‘pools’ are the result of factors of soil formation, including climate, topography, 
parent material, biota, time and human activity (Jenny, 1941). The amount of SOM is determined by the 
balance between the input of surface litter into the soil profile and losses due to microbial 
decomposition, erosion and leaching. In mineral soils, high levels of SOM may indicate a fertile soil and 
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the SOM typically decreases with soil depth. Soil organic matter acts a reservoir for nutrients by 
binding nitrogen, phosphorus, sulphur and other nutrients, and by forming aggregates that are 
necessary for soil structural stability. Nutrients are then made available to plants through 
mineralization. The current global stock of SOC is estimated to be 

1500–1550 Pg (Batjes, 1996; Lal 2004; Post et al. 2001; Schlesinger, 1995), which is double the estimated 
amount in the earth’s atmosphere (720 Pg), and more than triple the stock of organic carbon in 
terrestrial flora (Baes et al., 1977; Bolin, 1970; Lal, 2004). Peat lands have a disproportionately large 
amount of soil organic carbon, accounting for a quarter to a third of the global SOC stock (Batjes, 1996; 
Eswaran et al., 1993; Gorham, 1991; Post et al., 1982), while occupying only about 3% of global land 
cover. 

Even though SOC stocks are heavily influenced at the local scale by land use and management 
practices, regional and global trends do exist. The most obvious trend is the relationship of SOC to 
climate. Globally the average SOC stock (to 1 m depth) ranges from 50– 150 Mg ha-1, but can be as low 
as 30 Mg ha–1 in arid climates and as high as 800 Mg ha–1 in cold climates (Lal, 2004). Soil organic 
carbon is considered to increase as temperatures decrease and as precipitation increases. Soil organic 
carbon stocks double or triple for each 10 °C decrease in mean annual temperature (Kiely et al. (2005-S-
MS-26-M1; Brady and Weil, 1996). Low rates of precipitation limit plant growth and therefore organic 
matter inputs to the soil. High rates of precipitation often create waterlogged soils, leading to slow 
decomposition rates, and hence the build-up of SOM. Stocks of carbon in undisturbed terrestrial 
ecosystems shift from the vegetation pool to the soil pool as one moves away from the equator. 

Soil Potential for Carbon Accumulation 

The amount of organic carbon stored in soil results from the net balance between the rate of soil organic 
carbon inputs and rate of mineralization in each of the organic carbon pools described in section 2.4. 
Schlesinger (1990) compiled data on long-term rates of soil organic carbon accumulation in Holocene 
age soils. He found a slow rate of carbon increase in soil even after thousands of years. This long-term 
increase represents accumulations of passive soil organic carbon fractions, which include charcoal and 
resistant compounds physically protected in organomineral complexes. 

Schlesinger (1990) documented long-term rates of carbon storage from 0.2 g C m-2 y-1 in some polar 
deserts to greater than 10 g C m-2 y-1 in some forest ecosystems, with an average rate of 2.4 g C m-2 y-1 
over all ecosystems. Schlesinger (1990) indicates that faster rates of change over short time periods are 
possible as a result of changes in environmental conditions. 

 

When natural vegetation is converted to cultivated crops, rapid declines in soil organic matter are 
partly due to a lower fraction of non-soluble material in the more readily decomposed crop residues. 

Tillage, in addition to mixing and stirring of soil, breaks up aggregates and exposes organomineral 
surfaces otherwise inaccessible to decomposers. This result in a reduction in the amounts of intra-
aggregate LF-OC and some organomineral SOC. Losses of SOC of as much as 50% in surface soils 
(20cm) have been observed after cultivation for 30 to 50 years. Reductions, average around 30% of the 
original amount in the top 100-cm. The large and relatively rapid changes in SOC with cultivation 
indicates that there is considerable potential to enhance the rate of carbon sequestration in soil with 
management activities that reverse the effects of cultivation on SOC pools. The refilling of depleted fast 
turnover LC-OC pools and the active portions of the organomineral pools may result in much higher 
rates of SOC storage than the slow accumulation of passive soil carbon documented by Schlesinger 
(1990). Although the time period for high accumulation rates may be relatively short, years or decades, 
these accumulation rates are of significance for current soil sustainability and carbon management 
issues. 
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Carbondioxide conversion to organic matter 

The process by which plants convert carbon dioxide into organic matter (Figure 2) is described by 
Batey, 1988. 

The process of photosynthesis converts two chemicals - carbondioxide and water into simple 
carbohydrates, using sunlight as the energy source. The process takes place within the leaf and other 
green surfaces of plants. However, only part of the radiant energy from the sun is used in this way. At 
best, a plant can convert only about 6% of the total incoming solar radiation into stored energy. Water 
enters the plant mainly through the roots and brings with it essential nutrients. 

Carbon dioxide enters as a gas, mainly through holes (stomata) on plant leaves. Stomata open in 
response to light, but close in the dark and in response to adverse conditions such as lack of water or 
high temperature. When a crop is growing vigorously and without constraints, a daily inflow, via the 
stomata, of over 150 kg/ha carbon dioxide is needed. 

Water is lost from plants while the stomata are open sometimes over 100 t/ha each day. 

In temperate climates, many crops increase their dry weight by about 200 kg/ha each day. 

Up to 15% of all the carbohydrate fixed by the plant leaks from roots into the soil and is utilized by soil 
microorganisms within the rhizosphere. 
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Figure 3: A simplified illustration of the carbon cycle in soil (Dubbin 2001); CO2 = carbon dioxide 
gas 

 

CDM Application in Agriculture 

It is well recognized that human emission of various greenhouse gases (GHGs), including carbon gases, 
have caused a global climate change, altered the atmospheric balance and led to a rise in global 
temperature. The potential impacts of climate change on human health, sea level rise, agriculture 
production, have become a public concern and pose serious risks for sustainable development. Human 
activities related to deforestation and the burning of fossil fuels and biomass has largely contributed to 
the increased emissions of carbon gases and other GHGs in the atmosphere. The average annual 
emissions of world carbon were estimated to be 7.1 billion tons per year during the 1980s.(IPCC, 1996) 

Global carbon emissions from fossil fuels alone are estimated to be 5.5 billion tons per year and are 
likely to increase by 61% by 2015, compared to the base year of 1990. According to the annual forecast 
of the Energy Information Administration of the 

USA, the global emissions of carbon dioxide (CO2) will reach 43.7 billion tons in 2030, up from 25 
billion tons in 2003. In a word, climate change has become one of the most important and complex 
challenges facing humanity in the twenty-first Century. 

Reducing GHG emissions by means of Clean Development Mechanism (CDM) under the 

Kyoto Protocol is an important example of how market-based approaches can be brought to bear on 
this challenge. CDM approaches can be practically applied in the agricultural sector of developing 
countries in achieving sustainable agriculture and rural development, by helping reduce GHG 
emissions, mitigate climate change, promote sustainable natural resource management, and enhance 
natural resource resilience. However, the role of sustainable agriculture practices in both reducing GHG 
emissions and enhancing carbon sequestration has been neglected in the past because the Kyoto 
protocol had not yet addressed the close linkages between the land use change, agriculture and forestry 
activities and the Convention to Combat Desertification and Convention on Biodiversity (FAO, 2000). 
Later a decision was reached to recognize its role because the uncertainties regarding measurement of 
carbon fluxes – particularly in soils – were then too great and had to be resolved.  It has now become 
well recognized that carbon sequestration is a viable option for capturing carbon under the Protocol 
and after a consultation in 1999, FAO proposed two options for reducing emissions through 
agricultural projects. First, increase the sequestration potential of forests and other land types in the soil 
and second, capture atmospheric carbon through increased vegetation cover and photosynthesis. 

Registered projects and projects under validation 

To date Uganda has not benefitted from the CDM at any meaningful scale. The West Nile Hydro Power 
Project (2003) is the only Ugandan project registered with the UNFCCC. However, during the past year 
eight projects have reached the stage of validation with the Designated Operational Entities (DOE’s). 
Five of these projects are part of the same small scale forestry programme, two are cogeneration projects 
in the sugar industry, and one is a small scale hydro power project. An overview is given in Table 1 
below. 

 

Table 1: Registered projects or projects under validation 

Project name Status Type/ total CER’s 
(10 
years) 

Methodology 
Used 

West Nile Electrification Project (WNEP) Registered Hydro, 580 kT AMS-I.D.+AMSII. B. 
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Uganda Nile Basin Reforestation Project 
No.3 

At validation Reforestation, 77 kT AR-AMS1 

Kakira Sugar Works (1985) Ltd. 
(KSW) Cogeneration Project 

At Validation Biomass energy, 
681 kT 

ACM2+ACM6 

Bugoye 13.0 MW run-of-river 
Hydropower project 

At Validation Hydro, 543 kT 
 

AMS-I.D. 

Uganda Nile Basin Reforestation 
Project No 1 

At Validation Reforestation, 88kT AR-AMS1 

Uganda Nile Basin Reforestation 
Project No 4 

At Validation Reforestation, 71 kT AR-AMS1 

Uganda Nile Basin Reforestation 
Project No 2 

At Validation Reforestation,64 kT AR-AMS1 

Uganda Nile Basin Reforestation 
Project No 5 

At 
Validation 

Reforestation, 100 
kT 

AR-AMS1 

Bagasse Cogeneration Project 
Kinyara Sugar Limited (KSL) 

At 
Validation 

Biomass energy,801 
kT 

ACM6 

Source: Econ Pöyry Report no. R-2009-068, 11 June 2009 

 

Challenges to CDM Implementation in Uganda 

Although CDM has been perceived as an opportunity through which developing countries can achieve 
sustainable development while at the same time helping to mitigate climate change, it remains unclear 
as to whether CDM will in fact deliver the much anticipated sustainable development benefits in light 
of the current global trends in CDM investments. By February 2007, only approximately 1.5% of the 
total registered projects were in Africa and one project was in Uganda. Developing PDDs is expensive 
and requires specialized expertise which is not readily available in Uganda. Currently, the DNA 
advises independent project developers to have their PDDs and PINs developed by experts in the 
department of Technology of Makerere University. Apart from the university and a few organizations, 
the remaining capabilities can only be found at individual level (Econ Pöyry, 11 June 2009). 

Other opportunities Uganda can take advantage of 

There is a very big potential for Uganda to benefit from CDM projects and besides the vast challenges, 
several opportunities that Uganda can exploit exist. Among others include those explained in the 
subsequent sections of this chapter.   

CDM Programme of Activities (PoA) 

The new Programme of Activities scheme under the CDM allows for bundling of small projects in order 
to significantly reduce CDM project development costs. For the case of sugarcane cultivation, it is 
possible to combine carbon sequestration with cogeneration using bagasse and charcoal briquette 
production 

Wood-fuel accounts for 93% of the Uganda’s’ energy balance, and access to grid delivered electricity is 
still limited (FAO, 2000). This represents an enormous potential for energy efficiency measures. Efforts 
within energy efficiency are widely recognized as one of the lowest cost “sources” of energy. An 
example of an effective energy efficiency measure in Uganda would be to improve fuel efficiency in 
household cooking and small scale industries. Improvements here would mean that a lot of woody 
biomass could be saved for other purposes and is a cost-effective to invest in energy-efficiency 
improvements. 

Reducing the Deforestation and Degradation, REDD 

Uganda is endowed with areas of forests which are rich in biodiversity such as the Albertine Rift forest, 
Montaine Forests, Lowland Rainforests, Lake Victoria Mosaics, wooded savannas and lots of Wetlands. 
Uganda can become a model country in the World Bank initiated Forest Carbon Partnership Facility 
(FCPF). 
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Climate Smart Agriculture 

Agriculture in developing countries must undergo a significant transformation in order to meet the 
related challenges of food security and climate change. Effective climate-smart practices already exist 
and could be implemented in developing country agricultural systems including Uganda (FAO, 2010). 

The concept of “Climate Smart Agriculture” is gaining increasing popularity as a unifying concept on 
climate change and agriculture. It is being promoted by FAO with other partners such  Climate Change 
Agriculture and Food Security Program (CCAFS) .First coined by FAO in 2009, it is defined as 
‘agriculture that sustainably increases productivity, resilience, reduces or removes Greenhouse Gases 
(GHGs), and enhances achievement of national food security and development goals’ (FAO, 2010). In 
other words, Climate Smart Agriculture strategies are those that achieve the so called “triple wins” of 
adaptation, mitigation and development. Climate Smart Agriculture has been at the centre of many 
global conferences. For instance, it was promoted through the Error! Hyperlink reference not valid. on 
Climate Smart Agriculture and a global science conference held at Wageningen University in October 
2011 and it was at the centre of the third Agriculture and Rural Development Day in Durban held on 
Saturday 3rd December 2011. The day showcased a number of examples of what Climate Smart 
Agriculture could mean in practice, including agro forestry and conservation agriculture. 

However, climate smart agricultural practices to succeed for a long run will require not only funding 
but also strong political leadership, supportive and coherent government policies and strategies, land 
tenure arrangements that make investments worthwhile, and, importantly, access to markets and 
inputs. On the other hand Climate Smart Agriculture presents an optimistic message of the future of 
agriculture in Uganda and Africa as a whole. 

Methodology 

This chapter presents methods and procedures that were used to collect and analyze data for the study. 
The main purpose was to achieve the objectives set by analyzing data to test the research hypothesis. 

The study was carried out in Kakira sugar estates as a case study since it is one of the leading sugarcane 
growing and sugar producing companies in Uganda. 

Data collection 

Most of the data analyzed in this study is basically secondary data got from the agronomy department 
of Kakira sugar estates and what was missing was got from books, journals, the metrological 
department in the Ministry of Water and Environment, University and public libraries. The data was 
later summarized, processed and analyzed to draw conclusions.   

The study area 

The study area was Kakira sugar estates which is 10 kms from Jinja town on Tororo road. It lies on the 
northern shores of Lake Victoria and its landscape is made up of scattered hills - with the highest being 
1,279m above sea level. On the map, it’s Latitude – 00 30' North and Longitude – 330 17' East 
(www.madhvanifoundation.com/downloads/mgm-oct09.pdf). It   is the location of the headquarters of 
the Madhvani Group conglomerate. On a 9,500 hectares (37 sq mi) estate, the Group owns a sugarcane 
farm and a sugar manufacturing complex, Kakira Sugar Works. 

http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTSDNET/0,,contentMDK:22842518~menuPK:64885113~pagePK:7278667~piPK:64911824~theSitePK:5929282,00.html
http://www.gscsa2011.org/
http://www.agricultureday.org/
http://www.madhvanifoundation.com/downloads/mgm-oct09.pdf
http://en.wikipedia.org/wiki/Madhvani_Group
http://en.wikipedia.org/wiki/Kakira_Sugar_Works
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Figure 4: Map showing Kakira and its surrounding areas 

 Stakeholders’ Analysis  

Since carbon measurement is currently being debated at several levels to correctly address carbon 
markets, for instance in the agricultural and forest sectors, the estimations of SOM, carbon stocks and 
fluxes in sugarcane is targeted to greatly help scientists to monitor and predict sugarcane ecosystems’ 
response to climate change, as well as aiding policy makers when taking land use and management 
decisions and assisting land managers to gain better access to carbon markets. Other stakeholders 
include Kakira sugar estate (the case study), commercial sugarcane out growers, Busitema University 
(most importantly the students in the Faculty of Environment and Natural resource economics) plus all 
the sugarcane growing and sugar producing companies that would wish to complement their 
enterprise benefits through carbon trading. 

 

Table 2: Stakeholder Analysis 

                         Stakeholders 

power, Capacity 
&influence  

Government Sugarcane 
farmers 

Sugarcane  

companies 

Kakira 
Sugar 
estate 

Busitema  

University 

Soil 
Scientists 

Adoption of the 
strategy 

1 3 1 1 2  1 

Direction of 
influence 

2  3 2  1 1 1 

Legal mandate 1 3 2  2  2  1 
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Technical know 
how 

1 3 2  2  1 1 

Financial 
resources 

1 3 2  2  2  3 

Research 
purpose 

1 3 2  1 1 1 

Total Score  7 18 11 9 9 8 

1=High, 2= Medium, 3= Low. 

 Sample size 

The study focused mainly on studying the carbon dynamics in four commonly grown sugarcane 
varieties on Kakira sugar estates (Co945, Co421, Co449 and R83-2065). These varieties occupy about 
85% of the total cane area on the estate (Raju and Misango, 2011). One hectare was considered for each 
variety and the results got were later up scaled to account for the whole sugar estate of Kakira.    

Selection of a carbon simulation model 

The RothC-26.3 model published and recommended by the European Soil Organic Matter Network 
(SOMNET) ( http://saffron.rothamsted.bbsrc.ac.uk/cgi-bin/somnet-models) was used in this study for 
simulating the dynamics of SOC and SOM turnover under the four sugarcane varieties, i.e Co945, 
Co421, Co449 and R83-2065, commonly grown in Kakira sugar estate(Raju and Misango, 2011). The 
reasons for the choice of the model are that it represents extremes of a gradient of accessibility, ease of 
use and having been upgraded to encompass a wide range of ecosystem variability, including crop 
ecosystems which sugarcane plantation is part. 

Carbon stock of sugarcane as biomass 

The carbon stock for each of the four sugarcane varieties was calculated as biomass and it involved 
multiplying each variety’s biomass by a conversion factor that represents the average carbon content in 
biomass. The coefficient of 0.55 for the conversion of biomass to C, offered by Winrock (1997), was 
generalized here and applied in converting sugarcane biomass to carbon stock. 

 C = 0.55 × biomass (total). This coefficient was found appropriate in this research paper because it is 
widely used internationally. Later an average carbon stock as biomass for all the four varieties was 
calculated. 

Total carbon present in sugarcane 

The estimation of total C present in sugarcane included the carbon stock as biomass and the SOC 
present in the SOM. This estimation consisted of converting the SOM value reported at Kakira 
sugarcane estate to SOC. For estimation purposes, a generic coefficient of 0.57 suggested in the FAO 
corporate document repository by Natural Resources Management and Environment Department in 
assessing carbon stocks and modeling win-win scenarios of carbon sequestration and recommended for 
application in agricultural lands was assumed in order to transform SOM to SOC. 

Multiplying the values of SOM by this coefficient and then transforming them from percentage values 
to tones per hectare was done by computing a weighted average of SOM over the layers of the analyzed 
soil profiles that represent each soil mapping unit. The weights correspond to the thickness of each 
horizon multiplied by its soil bulk density. 

Simulation modeling of carbon dynamics in soils 

Carbon dynamics was modeled using the RothC-26.3 model that computes the changes in organic C, 
partitioned into five basic compartments: inert organic matter (IOM), decomposable plant material 
(DPM), resistant plant material (RPM), microbial biomass (BIO) and humified organic matter (HUM). 

http://saffron.rothamsted.bbsrc.ac.uk/cgi-bin/somnet-models
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Incoming plant C was split between DPM and RPM, depending on the DPM/RPM ratio of the 
particular incoming plant material. That is 59 percent for DPM and 41 percent for RPM 
(http://www.fao.org/docrep/007/y5490e/y5490e01.htm#TopOfPage).  

Input variables required to run the model 

The data required to run the model include the following; 

Rainfall and open pan evaporation that was used to calculate topsoil moisture deficit (TSMD), as it was 
easier to obtain rainfall and pan evaporation data, from which the TSMD was calculated, than monthly 
measurements of the actual topsoil water deficit. 

The air temperature (in degrees Celsius) was used rather than soil temperature because it was more 
easily obtainable for most sites. 

The clay content (in percent) will be used to calculate how much plant available water the topsoil can 
hold; it also affects the way organic matter decomposes. 

The DPM/RPM ratio will provide an estimate of the decomposability of the incoming plant material. 

The plant residue input which is the amount of C (tonnes per hectare) that is put into the soil per 
month, including C released from roots during crop growth. As this input is rarely known, the model 
will be run “in reverse”, generating input from known soil, site and weather data. 

Depth of soil (cm). 

Apparent density of the soil (bulk density). 

Model structure 

Soil organic C will be split into four active compartments and a small amount of IOM as recommended 
for the model. The four active compartments will be: DPM, RPM, BIO and HUM. Each compartment 
decomposes by a first-order process at its own characteristic rate. The IOM compartment is resistant to 
decomposition. Figure 9 shows the structure of the model. 

 

RPM: resistant plant material 
DPM: decomposable plant material 
BIO:   microbial biomass 
HUM: humified organic matter 
IOM:  inert organic matter 

 

Figure 5: Partitioning of the basic components of organic matter in the soil inRothC-26.3 (after 
Coleman and Jenkinson, 1995a) 
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Since the study was looking at a growing sugarcane plantation, an active hectare of sugarcane was 
assumed and if it contains Y tones of C, this declines to Ye-abckt tones of C at the end of the month. 

where: a is the rate modifying factor for temperature;  

b is the rate modifying factor for moisture;  

c is the plant retainment rate modifying factor;   

k is the decomposition rate constant for that compartment; and t is ½ , as k is based on a yearly 
decomposition rate. Thus, Y(1 - e-abckt) will be the amount of the material in a hectare that decomposes 
in a particular month. 

According to Coleman and Jenkinson (1995a), the decomposition rate constants (k) in per year values 
for each compartment are set in RothC at: DPM = 10.0, RPM = 0.3, BIO = 0.66 and HUM =0.02 and the 
same values were adopted. 

As variations in soil and climate conditions become modifying factors of the default decomposition 
rates suggested by the model. In order to cater for the different conditions of soil and climate, the 
decomposition rates needed modification. And these were calculated as below;  

The rate modifying factor (a) for temperature was calculated using the formula below; 

 

where tm is the average monthly air temperature (degrees Celsius). 

The soil moisture deficit (SMD) rate modifying factor (b) was calculated from the 2011 Kakira estate 
yearly weather data got from the Agronomy department. The maximum SMD was first noted and the 
SMD later calculated following the guidelines of FAO 
(http://www.fao.org/docrep/007/y5490e/y5490e01.htm#TopOfPage). Next, the accumulated SMD 
was calculated from the first month when evaporation exceeded rainfall until it reached the maximum 
SMD.  

Finally, the rate modifying factor (b) used each month was calculated from the following rule: 

if acc. SMD < 0.444 max. SMD, 

b=1.0 

otherwise 

 

The plant retainment factor (c) slows decomposition where growing plants are present. Where soil is 
vegetated, c = 0.6. Where soil is bare, c =1.0.  

Carbon Stock of Undisturbed Soil 

This was estimated by taking soil bulk density measurements. It was intended to aid the determination 
of baseline soil organic carbon so that the ability of sugarcane varieties to add organic carbon to the soil 
is assessed. Due to financial constraints, it was hard to re-measure the bulk densities at different layers. 
Therefore, the bulk densities of undisturbed soil at different depth were got from the agronomy 
department and undisturbed soil at the estate. These were calculated after taking field soil samples 
using a soil auger, getting their volume, drying them and weighing them. The bulk densities at different 
layers were calculated from the formula below; 
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Where D is bulk density, M is weight of the soil sample and V is the volume. 

Having got the undisturbed bulk density together with the percent carbon, the baseline SOC was 
calculated using the formula according to Peter Donovan (April, 2012) given below; 

 T = CF x D x V  

Where CT is total carbon for the layer in metric tons, CF is the fraction of carbon 

(Percentage carbon divided by 100), D is density, and V is volume of the soil layer in cubic meters. The 
results in both methods will be upscaled to a hectare level. 

Soil organic carbon added in the soil by sugarcane 

This was calculated without accounting for additions of FYM in order to be able to quantify the total 
carbon stocks in sugarcane land for every variety in question. A general formula below, as given by 
Coleman and Jenkinson (1995a) was used. 

ms = [(Pai × Cci) - Hi] × Eai 

where; Pai are the crop yields, Cci is the harvest intensity ratio (percent of total biomass that is 
harvested and removed), Hi is the moisture content in plant tissue of that species, and Eai is the crop 
residues including roots, as a percentage of total plant biomass and ms is the SOC added in the soil by 
sugarcane. 

 Integrating the assessment of total carbon stocks to carbon sequestration  
 potential  

This related to the assessment of carbon stock aboveground and belowground. Simulation models were 
used to predict the turnover of SOC in SOM at different time periods and with the values for carbon 
stocks, the carbon accounting process was completed.  

 

 

 

Total carbon stock for Sugarcane 

For carbon accounting purposes, the total carbon stock per hectare of sugarcane was calculated from:  

 +  

  =   

   

Where is the total stock of C in the sugarcane ecosystem, including aboveground ( ) 

and belowground ( ) pools. The constituents of the belowground pool are the carbon content in 

roots and all belowground biomass ( ) and the C in the soil ( ) as organic C in SOM. 

The values  after the estimation of aboveground biomass, its conversion to C, the 
estimation of C in belowground biomass (roots, etc.), and the modelling of SOM turnover to establish 
SOC were calculated for a hectare of sugarcane. 
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The calculated carbon stock values were implicitly believed to assume permanence of the present land-
use pattern in the area of study.  

Below ground Carbon in sugarcane biomass 

Since the above ground carbon for every variety was already calculated as carbon in above ground 
biomass, the below ground carbon in sugarcane biomass,  NB(t) i per hectare for every variety was 
calculated by multiplying the respective above ground carbon by the root to shoot ratio of 0.25 as given 
by FAO.  

NB(t) i=T(t) X R  

where: 

NB(t) i  = Carbon stocks in below-ground sugarcane biomass at time t (t C/ha) 

T(t)  = Above-ground carbon in sugarcane biomass  

R  = Root to shoot ratio (t d.m./ t d.m. ) 

Carbon sequestration attributable to sugarcane growing 

Having assessed the estimates of carbon stock for the sugarcane and the carbon sequestration implicit 
in sugarcane, a comparison of estimates between baseline and potential carbon stock per hectare for 
each variety was made. The simple balance was established in algebraic terms by: 

Carbon sequestered = potential carbon stock(total) - actual carbon stock(total) 

Where the potential carbon stock corresponds to the C in sugarcane and the actual carbon stock 
corresponds to SOC before the sugarcane project. This comparison yielded the gains or losses in carbon 
stock resulting from implementing the sugarcane project. 

Economic Implication of Carbon Sequestered by Sugarcane 

This was illustrated through multiplying the amount of carbon sequestered by sugarcane (in tons) by 
the per unit global market price of carbon. It was on the results obtained here that conclusions were 
based as to whether sugarcane plantation farming is a viable CDM project in Uganda, putting in mind 
all the required input costs. The gross total benefit was got as shown below; 

Total benefit  =  Canerevenue +  CDMrevenue  

 

 

Testing for data validity  

Before analysis, data was inspected for validity since the study was based on secondary data. Co-
efficient of variation was calculated to check for precision and accuracy as follows; 

CV =  σ ÷ µ  

Where CV is co-efficient of variation 

σ is standard deviation  

µ is mean 

Good quality data was judged according to United states EPA (July,2000) guidance for data quality 
assessment where, data with CV below 10% is good enough and data with CV above 10% but below 
20% may be used but not the best.  
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Data processing and analysis 

Data was summarized into tables and analyzed using Excel. The results were illustrated using graphs 
and formulas for easy interpretation and discussions to draw conclusions. 

Results and discussions 

This chapter presents the key findings of the study. It starts with findings on the carbon stocks of 
sugarcane as biomass per hectare with respect to the four of the common varieties grown in Kakira 
sugar estates (Co945, Co421, Co449 and R83-2065), and goes ahead to look at the total carbon present in 
sugarcane. It also covers analysis on the carbon leakages in growing sugarcane, baseline soil carbon 
stocks (undisturbed soil), sugarcane monthly organic matter contribution to the soil, total carbon stock 
per hectare of sugarcane plantation, carbon sequestration attributable to sugarcane growing and the 
economic implication of carbon sequestered by sugarcane. 

Biomass and Carbon stock of Sugarcane  

 Efforts were taken to look at how carbon and biomass stocks vary among the four varieties of 
sugarcane considered in the study. This included only the above ground biomass of sugarcane and the 
results were as shown in Table 3 below; 

Table 3: Biomass and Carbon stocks with respect to Sugarcane varieties 

 :Sugarcane Variety 

 Co945 Co421 Co449 R83-2065 Average STDEV 

Cane weight(tc/ha) 119.84 119.18 138.20 115.90 123.28 10.09 

% Biomass 75.64 71.71 72.87 74.24 73.61 1.70 

Carbon Stock(Tc/ha) 65.91 65.55 76.01 63.75 67.80 5.55 

STDEV  =  Standard deviation 

 

From the Table, the co-efficient of variation for cane weight and percentages were calculated as 8.2% 
and 2.3% respectively. Both co-efficients are less than 10% making the data good enough to use for 
further analysis.    

As indicated in the Table 1 above, different sugarcane varieties have different biomass composition and 
so is the case with carbon stocks. Co449 has the highest carbon stock as biomass, followed with Co945, 
then Co421 and finally R83-2065 although Co945 has the highest percentage of biomass in relation to 
the total cane plant (if trash and tops are put into consideration), followed by R83-2065. The reason for 
this is that Co449 contains a higher percentage of tops and trash compared to Co945 and R83-2065. On 
average 73.61% of the sugarcane is biomass and the differences with respect to varieties were illustrated 
as in the figure 6 below; 
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Figure 6: A histogram showing sugarcane biomass with respect to varieties 

 

As seen in Table 3 biomass content is directly related to carbon stocks that is, the higher the biomass, 
the higher the carbon stock for a sugarcane variety. This explains why Co449 has the highest carbon 
stock in relation to above ground biomass (76.01Tc/ha). This could partly be explained by the higher 
cane yield per hectare produced by Co449 compared to other varieties besides other biological, 
chemical and climatic factors (like the genetic make up of a sugarcane variety, the parentage, soil 
mineral composition, temperature and rainfall). Figures 7 illustrate the variations of carbon stocks for 
the four varieties. 

 

Figure 7: A histogram showing the Carbon stocks with respect to Sugarcane aboveground biomass 

 

As it will be seen later in Table 4, Co449 despite having a higher top and trash percentage compared to 
Co945 and R83-2965, it still stocks more carbon due to relatively higher cane yield per hectare and so 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

21 

higher tons of carbon per hectare. This suggests that for both economic and carbon sequestration 
purposes, it is essential to make an appropriate variety mix of all the varieties to come out with an 
optimal out put of both. 

Carbon stock of undisturbed soil (Baseline) 

To be able to understand the additions of carbon in the soil by sugarcane, it is important to first know 
how much carbon there is in the soils of the study area. The baseline soil carbon was determined from 
soils of the estate on which sugarcane was not grown. It was calculated using the average bulk densities 
and percentage organic carbon of the soil. 

Table 5: Bulk densities and Organic matter of the soil at different depth 

Particulars  Units               Depth (cm) Average  STDEV 

  0-10 10-30 30-50   

Moisture  % 3.5 3.3 2.5 3.1 0.53 

Weight/Volume ratio g/cm3 1.08 1.14 1.06 1.09 0.04 

Organic Carbon % 2.29 1.62 0.50 1.47 0.90 

Undisturbed bulk density g/100g 1.10 1.08 1.27 1.15 0.10 

 

From Table 6, the co-efficient of variation for undisturbed bulk density at varying depth was got as 
8.6% which is with in the good range for quality data to analyze. 

The total SOC at different layers (0-10cm, 10-30cm and 30-50cm) were calculated and the results were 
summarized in a Table as indicated below; 

Table 6: Soil carbon stock at varying depth 

Depth SOC (Tc/ha) 

0-10cm 25.19 

10-30cm 52.49 

30-50cm 31.75 

Av. 36.48 

 

It can be seen from the Table above that carbon accumulation varies with the depth of the soil. SOC 
stock in the top layer (0-10cm) is lower than that of 10-30cm (25.19Tc/ha and 52.49Tc/ha respectively). 
Although there may be other factors leading to this difference, the major reason is that there is a great 
anthropogenic interference of the soil top layer in terms of cultivation leading to continuous losses in 
SOC (Sanderman, Farquharson and Baldock, 2010). The results are different but with in the rage of 10.1 
to 104.7 got by Baldock (2008) in Mckenzie book (2010) for Eastern Australian dairy regions.  For the 
carbon that is sequestered to the sub-surface (10-30cm), remains relatively stable in the carbon mineral 
compounds, enabling it to accumulate more in that layer. Depending on the prevailing factors that may 
influence the bio-geochemical carbon cycle with time, reductions and additions in soil carbon stock 
continue to the deeper layers mimicking the real process that leads to formation of fossil fuels. To 
increase carbon stock in the soil requires appropriate techniques to enhance carbon sequestration to the 
deeper layers of the soil. The dynamics of SOC accumulations are clearly illustrated on a graph in figure 
5.   
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Figure 8: A graph showing the Soil carbon stocks at varying depth 

On average, soil stores 36.48tons of carbon per hectare. Soil is a naturally occurring sink for carbon and 
if enhanced can store it indefinitely for a considerable duration. 

 Total Carbon Stock for Sugarcane 

Total carbon stock per hectare of the four different sugarcane varieties was calculated using an equation 
that combines the above ground biomass, below ground biomass and the SOC stocks. 

The carbon in below ground sugarcane biomass for every variety was calculated by multiplying the 
respective above ground carbon by a root shoot ratio (R) of 0.25 (www.fao.org), as shown in the Table 6. 

Table 6: Below ground Carbon stocks according to Sugarcane varieties 

Sugarcane variety  Carbon stock in AG (Tc/ha) Carbon stock in BG 
(ABx0.25) 

Co945 65.91 16.48 

Co421 65.55 16.39 

Co449 76.01 19.00 

R83-2065 63.75 15.94 

Average 67.80 16.95 

STDEV 5.55 1.39 

AG = Above ground 

BG = Below ground 

 

Variety-wise soil organic carbon added in the soil 

SOC additions in the soil for every sugarcane variety (Co945, Co421, Co449, and R83-2065) were 
calculated from the formula indicated in 3.9.1. 

SOC additions for Co945 

This was done from the Table according to Raju and Misango (2011) on variety-wise partitioning of 
biomass. From this Table also, the moisture content of the sugarcane plant tissues was found out to be 
65.01%. 
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Table 7: Variety-wise partitioning of bio-mass (plant + 2 ratoons) 

Crop cycle 

 

Cane weight Tops + Trash weight 

t/ha 

% over Total 

 tc/ha % 

Co945 119.84 75.64 38.60 24.36 

Co421 119.18 71.71 47.04 28.29 

Co449 138.20 72.87 51.46 27.13 

R83-2065 115.90 74.24 40.22 25.76 

Average  123.28 73.61 44.33 26.39 

STDEV 10.09 1.70 5.99 1.70 

   Source: Raju and Misango (2011) 

Form the Table 7 above, Pai  = 119.84 

The harvest intensity ratio, Cci was calculated as 3.11 and Hi as 103.00. The crop residues, including 
roots, as a percentage of total sugarcane biomass, Eai was found out to be 72.21tc/ha and the SOC 
added in the soil, ms, got as 11601.28Tc/ha. This value can be divided by the number of months the 
sugarcane stays in the garden to account for monthly additions of carbon. The details of the working 
are indicated in appendix 2. 

 per hectare of Co945 

This was calculated by summing up the carbon in above ground biomass, the carbon in below ground 
biomass and the SOC was got as 11683.67Tc/ha. 

The per hectare for the other varieties were calculated following the same procedures as 
for Co945 and all the results were as indicated in Table 8. 

Table 8: Variety-wise SOC added in the soil and total carbon stocks per 
hectare 

Variety SOC added (Tc/ha) 
(Tc/ha) 

Co945 11601.28 11683.67 

Co421 9484.57 9566.51 

Co449 13512.68 13607.69 

R83-2065 10125.46 10205.15 

Average 11144.81 11229.56 

STDEV 1789.36 1795.52 

The co-efficient of variation for SOC added and were respectively calculated as 16.1% and 
15.9%. These are above 10% but below 20% hence with in the acceptable limits.  

As seen from Table 8, carbon storage differs according to varieties indicating that different sugarcane 
varieties have different abilities to sequester carbon in the soil. Co449 has the highest capacity to add 
organic carbon to the soil, followed by Co945, then R83-2065 and lastly Co421. These variations are 
shown on the graph below; 
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Figure 9: A histogram illustrating the variations in SOC addition and storage for  different sugarcane 
varieties 

 

The variations are partly due to their varying productivity and yield relative to the prevailing soil and 
climatic conditions and due to the varying chemical and biological composition of each variety that 
gives them different abilities to cope up with the changing climate. The above results though different 
from Moundzeo et-al (2011), show that sugarcane when grown under conservation practices add 
considerable amount of carbon in the soil, agreeing with his argument and that of Parr and Sullivan 
(2005). 

Carbon sequestration attributable to sugarcane growing 

Simulations were made to come up with the carbon sequestered by sugarcane varieties so as to be able 
to ascertain the economic implication of the sequestration potentials. From Table 4.7, average total 
carbon stock of sugarcane per hectare is 11229.56Tc/ha. If I consider a 19months ratoon, monthly 
carbon stocks per hectare will be 11229.56 divided by 19 which will give 591.03Tc/ha/month. This 
implies that sugarcane sequesters a lot of carbon in the soil as it grows. The result is higher than 
99.4T/ha obtained by Antonio et-al (2009) in Brazil and indicates that carbon sequestration in crop 
lands can be higher than that under forest if compared with the 152-234tonnes/ha got by UNEP-
WCMC (2010) for biodiversity and ecosystems in Uganda. This confers with Mckenzie (2010) 
observation.    

Carbon sequestered  

This was calculated using the RothC-26.3 mode of partitioning the basic components of organic matter. 
The organic carbon lost during decomposition was calculated and from the RothC-26.3 model, if an 
active land use contains Y tons of carbon at the beginning of the month, then the amount of material 
that decomposes in a month per hectare is given by  Y(1 - e-abckt) 

The rate modifying factor; afor temperature, b for moisture and c for plant retainment were calculated 
using the 2011 annual weather data that was summarized in the Table in appendix 3. The 
decomposition rate constant,k, for HUM was taken as 0.02 as given by  Coleman and Jenkinson (1995a). 
The sugarcane plantation was considered vegetated and c taken to be 0.6 and the acc. SMD was found 
out to be less than 0.444 max. SMD. Therefore b was taken to be 1. The rate modifying factor; a for 
temperature was calculated using the formula indicated in section 3.8 and found out to be 7.78   
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tm (average monthly air temperature) was calculated as 46.170c  

When 46.17 was substituted for tm in the formula, a was got as 7.78. 

Therefore the organic carbon that decomposes = 591.03(1-e-abckt) 

Substituting for e, a, b, c, k and t, gave the answer as 5.91Tc/ha/moth 

Carbon sequestered = 591.03- 5.91 

= 585.12Tc/ha/month. This means with the necessary land use practices, sugarcane is capable of 
sequestering up to 585.12Tc/ha/month and if registered as a CDM project is capable of generating 
good revenue for the investor. 

Validation of results   

For comparison purposes sequestered carbon per month was recalculated from; 

Carbon sequestered = potential carbon stock(total) - actual carbon stock(total) 

Where the potential carbon stock corresponds to the C in sugarcane and the actual carbon stock 
corresponds to SOC before the sugarcane project. 

From Table 4.7, potential carbon stock(total) is 11229.56Tc/ha and baseline SOC was calculated as 
36.48Tc/ha. 

Carbon sequestered = 11229.56 – 36.48 

 = 11193.08Tc/ha 

Monthly sequestered carbon = 11193.08 ÷ 19 (19 is the average number of months for a ratoon) 

This gave an average answer of 589.11Tc/ha/month for every variety which only differs from the first 
approach by 2.01Tc/ha/moths. 

The productivity and total carbon stock however can be enhanced with good agronomic practices 
irrespective of the variety as evidenced by the use of farm yard manure in some Kakira estate field as 
shown below; 

Table 9:  Effect of green manure on sugarcane productivity and yield 

Crop cycle GM No GM GM P No GM P 

 Yield(tc/ha) Yield(tc/ha) tc/ha/m tc/ha/m 

Plant  125.29 112.15 5.94 5.16 

Ratoon 1 95.26 92.43 5.79 4.96 

Ratoon 2 92.37 84.56 5.01 4.76 

Average  104.31 96.38 5.58 4.96 

STDEV 18.23 14.21 0.49 0.20 

Source: Raju and Misango (2011) 

Higher productivity and yield eventually leads to higher total carbon stored and sequestered by the 
sugarcane crop. The changes in yield and productivity indicated in Table 4.7 are illustrated in figure 10. 
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Figure 10: A histogram showing the effect of green manure on Sugarcane productivity and yield  

 

Economic implication of sequestered carbon 

Taking the price per ton of carbon to be $23 as stated by www.energyaustralia.com.au (19/05/2013 at 
2:32 PM), and if 9,700ha for Kakira sugar estate are considered, then if 589.11tons of carbon are 
sequestered per ha per month, the whole estate will generate 5,714,367tons of carbon per month. 
Consequently, the estate has a capacity to earn a gross amount equivalent to 23x5, 714,367 other factors 
kept constant. This gives a total gross amount of $131,430,441. This when added to the cane revenue 
boosts the farm total revenue and consequently sugarcane cultivation profitability. For instance, the 
revenue from carbon sequestered, if was down scaled to hectare level and gave $13,549.53 per hectare. 
When an average cane yield of 123.28tc/ha was considered and multiplied by 70,000/= (price of 
sugarcane per tonne, estate price), the cane revenues came out as 8,629,600/= per hectare or $3,082 ($1 
was considered to equal to 2,800/=).  

The gross total farm revenue was calculated as $16,631.53 per hectare. 

Summary of findings, conclusions and recommendations 

The summary of findings, conclusions and policy recommendations to the management of Kakira sugar 
estates limited as well as other stake holders like Busitema university and the government of Uganda 
plus other academicians including socio-economic, environment and natural resource researchers who 
may wish to find out further carbon sequestration potentials in agricultural lands. 

Summary of findings  

From the research, it was found out that sugarcane grown in Kakira estates contain on average 73.61% 
biomass of which 75.64% is for Co945, 71.71% is for Co421, 72.87% is for Co449 and 74.24% is for R83-
2065. 

It was also found out that average total soil carbon of undisturbed soil in Kakira estates is 36.48Tc/ha 
got by calculating and averaging carbon stocks of undisturbed soil at three different layers. 

The research again realized that on average total carbon stock of a sugarcane plantation per hectare was 
11,229.56Tc/ha. For Co945, it was 11,683.67Tc/ha, Co421 had 9,566.51Tc/ha, Co449 had 13,607.69Tc/ha 
and 10,205.15 for R83-2065. 

http://www.energyaustralia.com.au/
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Finally from the study, it was found out that carbon sequestered per hectare per month by sugarcane 
grown in Kakira sugar estate ranged between 589.11 and 591.12Tc/ha. This is higher than that got by 
Moundzeo et-al (2011), 80Tc/ha for R570 and Co997 in Niari Valley in Congo. The carbon sequestration 
differences of several varieties of sugarcane could probably come from the practices used in the 
different industrial plantations, from rain variability to which Niari Valley is subjected (Moundzeo et-
al, 2011) and from genetic values of the different varieties which affect their abilities to photosynthesize. 

Conclusions  

The results got indicated that the sugarcane grown in Kakira estates has the potential to sequester 
between 589.11 and 591.12tons of carbon per month per hectare which when removed from the 
atmosphere and sequestered contributes significantly to climate change mitigation hence the first null 
hypothesis was rejected. 

Considering the trends of global carbon market prices which are increasing, sugarcane grown in Kakira 
estates if accompanied with good land use and land management practices that enhance carbon 
sequestration, can potentially sequester carbon and generate significant certified emission reduction 
credits sellable under clean development mechanism. Therefore, the second null hypothesis was also 
rejected. 

Carbon sequestration in sugarcane is a viable CDM project under the Kyoto protocol. This conclusion 
agrees with Moundzeo et-al (2011) conclusion. It can be recognized that sugarcane plantations during 
the growing phase are of paramount importance in the struggle against climate change because of their 
capacity of carbon sequestration. Their potential to be used in making bio-fuel is also important 
regarding the implementation of CDM projects under the Kyoto agreement.      

Recommendations  

Kakira sugar works limited, by the fact that it has high sugarcane acreage, should exploit the potential 
to increase its profit margins from sugarcane growing as a CDM project. This if combined with the 
bagasse co-generation can yield good profits and if outgrowers are brought on board at the same time 
can help enhance their incomes while helping mitigate climate change. 

It was realized that carbon sequestration potentials are affected by land use practices. Therefore, it is 
necessary to enhance carbon sequestration by agricultural crops like sugarcane through burying the 
biomass remains in form of trash and tops in the soil instead of slashing and burning it. This increase 
soil organic carbon storage and help improve soil health. 

Literature still states that the major draw back for most potential CDM projects in Uganda and Africa as 
a whole is lack of institutional capacity. It is necessary to build institutional capacity to successfully 
facilitate the implementation of carbon sequestration projects. The DNA established should serve as the 
point of contact between international investors and local service providers. 

Kakira sugar works and Uganda as a whole should promote proper land use planning and 
management practices to build up carbon stocks in the soil by increasing the input of organic matter to 
the soil and/ or decrease the rates of soil organic matter decomposition. These practices may include a 
combination of the following; tillage methods and residual/stubble management; soil fertility and 
nutrient management; erosion control, crop selection and rotation. 

The National Adaptation Plan of Action for Uganda which was launched in 2007 (Isabirye, 2011), need 
to be revised to incorporate carbon sequestration in agricultural activities as one of the national climate 
change adaptation and mitigation strategies. 

This research was done under limited time and financial constraint and was the first in Uganda. There 
is need to research further on sugarcane sequestration potentials including other varieties which have 
not been captured in this study plus other agricultural crops to enable the building of a strong 
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information bank for policy makers, investors, natural resource and environmental scientists as well as 
future academicians.  
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