
 

 

1 

ABOVE-GROUND BIOMASS ACCUMULATION IN FALLOW FIELDS AT THE  

NHAMBITA COMMUNITY- MOZAMBIQUE 

 

 

 

 

 

 

 

 

 

EVELINA CATARINA DA COSTA SAMBANE  

 

 

 

 

 

 

 

 

 

 

 

 

A dissertation presented for the degree of Master of Science 

University of Edinburgh, 2005 

 

 

I assert my right to be identified as the author of this work 

In accordance with section 78 Copyright Designs and Patents Act 1988. 

 

 



 

 

2 

 

ABSTRACT 

The study was conducted in Nhambita Community in Mozambique. The main objective 

was to quantify the amount of biomass in the fields after agricultural. Diameter at breast 

height (DBH) and height have been measured in 28 different fields in fallow and the 

biomass estimated. The estimation involved the use of four different published allometric 

equations, and the average calculated to give a better estimation of above-ground biomass 

accumulated. The total amount of above-ground biomass was found to be 19.6 t ha-1 with 

an accumulation rate of 1.1 t biomass ha-1 yr-1 that correspond to 0.55 tC ha-1 yr-1. These 

values are low when compared with other studies of miombo. Frequent fires and low soil 

fertility might have contributed to reduced tree growth. However there is a positive and 

significant (P= 0.001 and r2= 0.54) relationship between age of fallow and biomass 

accumulated in general. The amount of biomass in the fields with 0-5 years of fallow is 

four times less than the biomass in the fields with 11-20 years of fallow. On the other hand 

the amount of biomass in the very old fields (30 yeras) is lower than the amount 

accumulated from 11-20 years. The allometric equation was demonstrated to be robust, as 

all showed the same trends in biomass variation within the same age. There is a change in 

species composition in the regrowth fields compared with typical miombo that is 

dominated by Brachystegia species, and Julbernardia globiflora. Nevertheless, three kinds 

of species have been identified on the basis of the succession: (i) the early species, (ii) the 

later successional species and the (iii) “ubiquitous” that are present throughout successions. 
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1. INTRODUCTION TO THE DISSERTATION STUDY 

 

1.1. Background 

 

This is a baseline study for a carbon credit pilot project being implemented in Nhambita 

Community in Mozambique. This project might later be nominated as a Clean 

Development Mechanism (CDM) project of the Kyoto Protocol if it meets the necessary 

requirements. A good estimation of carbon stock and carbon sequestration rate is essential 

to any project of this type. The rate of carbon sequestration in live tree biomass before any 

intervention that might contribute to carbon sequestration is essential for future 

calculations of carbon credit. The study involved (i) literature review on different methods 

to estimate the carbon stocks of miombo trees, (ii) design of a project to utilise 

chronosequences to estimate the rate of carbon accumulated, and (iii) estimation of stock 

and sequestration rates before intervention. Field work was undertaken in Mozambique in 

the area where the project is being implemented.  

 

1.2. Agriculture System in Nhambita Community 

 

About 70% of the Mozambican population live in rural areas (INE, 1997) where 

employment opportunities are limited.  The people are largely dependent on forestry 

resources and shifting agriculture for their livelihoods. Shifting agriculture is characterized 

by a rotation between a short period of cropping and fallow periods. In this system of 

cultivation, fields are cleared, burnt and cropped for a few years, and then they are 

fallowed (Peters & Neuenschwander, 1988) for some years in order to recover from the 

nutrient loss caused by agricultural exploitation. 

 

Shifting cultivation has been practiced in the world for millennia and has supported people 

all around the world. This agricultural system received increased attention from the global 

community in recent years because it is damaging the environment as a consequence of the 

increased pressure on arable land caused by population growth. Population pressure caused 
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land scarcity, which in turn has brought about the shortening of the crucial fallow period 

(Peters & Neuenschwander, 1988). 

 

Most of the fields in Nhambita are around the homesteads. The agriculture system as in 

any African rural area is basic slash and burn. There are no cases reported on the use of 

fertiliser in Nhambita. Areas along Púngué River are considered as more fertile and can be 

cultivated during 15 consecutive years, while areas around the homestead are cultivated for 

a maximum of seven consecutive years.  The main crops are maize, sorghum, millet, 

groundnut, cassava, beans and pigeon pea. Firstly, maize and beans are planted in the same 

hole, next sorghum or millet is planted in the same field three weeks later to avoid 

competition as sorghum and millet grow faster than maize. Cassava and pigeon pea are 

planted around the field. Some fruit trees are also planted in the field and other native 

species are left in the field during the land preparation. Fallow lengths vary from 5-15 

years, after that the area is cleared and burnt again ready for a new cropping period. Fields 

in fallow are a source of fuelwood and making poles for construction.  

 

Some trees such as Kigelia africana (Muvunguti), Albizia glaberrima (Tanga-tanga), 

Lonchocarpus capassa (Phacassa) and Nsavu are left in the field when the area is first 

opened. Farmers believe that these species do not have leaves which contain poison that 

may otherwise drop into the crops during rainfall and poison the crop. In fact, what 

happens is that these species have special crown architecture, not dense as the mango tree 

for instance, and it is possible that this crown architecture does not allow crops to compete 

with the tree for light. The leaves of these species are small and the throughfall does not 

damage crops because each drop of water has a low mass. 

 

1.3. Need of the Study 

 

The relatively recent increases in atmospheric carbon dioxide concentration are a reflection 

of an increase in the strength of sources of carbon. There are a number of major sources of 

carbon dioxide, notably the combustion of fossil fuels, plant respiration, land use change, 

and biomass burning (Houghton & Skole, 1990; Dale et al., 1991; IPCC, 2001b and 
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Goreau, 1992). Of these sources, only the flux to the atmosphere from the combustion of 

fossil fuels is known accurately (Tans et al., 1990 and Goreau, 1990). Greater uncertainty 

is associated with the sinks of atmospheric carbon, especially in the tropics (Goreau, 1990).  

 

Forest ecosystems cover about 30% of the Earth's land surface (Dale et al., 1991; Sedjo, 

1993 and Solomon et al., 1993). As trees grow, they sequester carbon from the atmosphere 

in their tissues, and as the amount of tree biomass increases within a forest or in forest 

products the increase in atmospheric CO2 is mitigated (Figure 1) (IPCC, 1996 and 

Fearnside, 1999). These ecosystems are often subjected to disturbance such as fires, insects 

and diseases or are manipulated and harvested in order to provide a broad range of timber 

and non-timber products (Oliver, 1981). Knowledge gaps about processes related to carbon 

storage and release in space and time from terrestrial ecosystems hamper efforts to predict 

accurately the effects of disturbance on the carbon cycle (Wisniewski & Sampson, 1993). 

 

 

Figure 1:  Carbon cycle in the trees and forests 

Source: www.energex.com.au/ switched_on/energy_environ... 
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Reforestation and afforestation results in a considerable increase in the conversion of 

atmospheric carbon dioxide into biomass and so may be a significant sink of atmospheric 

CO2 (Harmon et al., 1990). The role of the various major forest ecosystems in the carbon 

cycle, particularly as carbon sinks which may be carefully managed to reduce the 

atmospheric carbon loading, is therefore being assessed (Tans et al., 1990; Brown et al., 

1993; Dixon et al., 1993; Wofsy et al., 1993). 

 

The ability of these plantations to sequester carbon has received more interest, since carbon 

sequestration projects in developing nations could receive investments from companies and 

governments wishing to offset their emissions of greenhouse gases through the Kyoto 

Protocol’s Clean Development Mechanism (Fearnside, 1999). 

A good estimate of carbon sequestration is essential to any project aimed to benefit from 

carbon credit. The rate of carbon sequestration in live tree biomass for sale is computed by 

finding the difference between the carbon stocks of a population of trees before and after 

the land use change (Losi et al., 2003). 

The current study attempts to estimates the existing amount of biomass and carbon 

accumulated in fallow fields after slash and burn agriculture as well as the accumulation 

rate in different stages of vegetation succession. Although some studies have been 

conducted to assess how the vegetation responds after agriculture in terms of biomass in 

Southern Africa, little has been done in Mozambique. This study is one of the first and will 

contribute to the Nhambita Community Carbon Project being implemented in a 

collaborative venture between the Nhambita Community Association, University of 

Edinburgh, Gorongosa National Park, Edinburgh Centre for Carbon Management (ECCM) 

and Envirotrade Limited, with grant funding from the European Union and DFID. The 

study will provide base-line data on the rate of carbon accumulation above-ground after 

agriculture and also contribute to the existing gap regarding the current amount of carbon 

in the fields before any land use change intervention, against which the additionalities can 

be assessed and carbon credits for the project determined. 
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1.4. The Objectives of the Study 

 

The main objective is to quantify the amount of biomass in the fields after agriculture, as 

follows: 

 

(i) to assess the amount of existing biomass and carbon stock in general, as well as in 

different stages of vegetation succession following agriculture;  

 

(ii) to verify whether there is a change in species composition after agriculture, compared 

with the original vegetation; and  

 

(iii) to assess all the factors interfering with the process of carbon sequestration, and to 

suggest how they might be mitigated. 
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2. STUDY AREA DESCRIPTION 

 

2.1. Geographic Position of Nhambita  

 

The Nhambita Regulado (traditional community authority) is situated within the 

Gorongosa Administrative District of Sofala Province in central Mozambique . It covers an 

area of approximately 20.000 hectares and has three administrative zones; Nhambita, 

Mussinhawa, Nhanganha and a small region known as Boa Maria which was previously a 

cotton production and export area (Figure 2). 

 

 

Figure 2: Nhambita Regulado in the buffer zone of the Gorongosa National Park 

 

The boundaries of the regulado are formed by the Gorongosa National Park, the Púnguè 

River and the next Regulado to the west of Nhambita. The small rivers Lipise and 

Nhambita run through the Regulado (Envirotrade, 2005).  

 

When the National Park was formalised in the 1950’s and 60’s many communities living 

within the park area were relocated to areas outside the park. Nhambita Regulado was one 

of the relocation areas. It is situated within the southern ‘buffer zone’ of Gorongosa 
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National Park. The buffer zone is a designated area that surrounds the entire park, 

extending between 10 and 20 km in diameter (Envirotrade, 2005).  

 

There are approximately 10.000 people living in the buffer zone. Communities and 

individuals living in the buffer zone are subject to certain rules and regulations set out in 

government laws that restrict resource utilisation. For example, hunting and gathering is 

only allowed for subsistence purposes and certain species of trees are protected by law 

(Envirotrade, 2005).  

 

Compared with other communities, Nhambita is less densely populated. The 1997 census 

recorded a population of 612 people from 102 family units. The return of displaced and 

economic migrants has swelled this number in recent years to approximately 1.100 

(Envirotrade, 2005). Settlement patterns in Nhambita are dispersed and there is no real 

concentration of population, although in the area surrounding the tribal court of the Regulo 

and Nhambita school the households are grouped together.  

 

2.2. Socio-economic Overview 

 

The community has no infrastructure, no water supply system, roads may be inaccessible 

during the rainy season, there is no health centre available and the school is poorly 

constructed with no service provision at all (Figure 3). The community is “poor” by any 

definition. 
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Figure 3: Nhambita Primary School 

 

Opportunities for employment in the community are almost non-existent and research 

carried out during the GERFRA study revealed high levels of poverty. Some of the 

community members are employed by the carbon project, but farming is predominantly on 

a subsistence basis and is limited by scarce resources, a lack of expertise and a 

vulnerability to environmental factors such as drought and flooding. Farmers are isolated 

from markets and the absence of transport hampers them in commercialising their produce. 

The research indicates that illness in the area is linked to protein deficiencies and 

malnutrition during periods of the year when food is scarce.  

 

2.3. Vegetation 

 

The area is covered with Miombo type forest. However, homesteads and machamaba’s 

(slash and burn plots) have been cleared for housing and agricultural purposes. Muchove 

(2003), formulated six-categories of woody vegetation in Nhambita Community Forest 

namely (i) Miombo dominated by Brachystegia and Julbernardia; (ii) Miombo dominated 

by Brachystegia and Julbernardia but with abundance of Diplorhynchus; (iii) Miombo 

with significant dominance of Pterocarpus rotundifolius, Burkea africana, and 
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Erythrophleum africanum; (iv) Combretum Woodland; (v) Riverine Woodland and (vi) 

Combretum/Palm Woodland. 

 

The dominance of the genera Brachystegia, Julbernardia and Isoberlinia (Fabaceae 

family, subfamily Caesalpinioideae) makes miombo woodland floristically distinct from 

most other African woodlands (Frost, 1996 and Chidumayo, 1997).  It covers an estimated 

area of 2.7 million km2 from Tanzania and Zaire in the north, through Zambia, Malawi and 

eastern Angola, to Zimbabwe and Mozambique in the Southern Africa (Figure 4) 

(Desanker et al., 1995).  

 

 

 

Figure 4: Central and Southern Africa countries with miombo woodland 

 

Miombo woodland is divided into dry and wet miombo. Dry miombo wodland occurs in 

areas receiving less than 1.000 mm rainfall annually. It extends from southern Malawi, 

Mozambique and Zimbabwe. Canopy height is less than 15 m and the vegetation is 

floristically impoverished. Brachystegia spiciformis, B. boehmii and Julbernardia 

globifloraa are the dominant deciduous species. Wet miombo woodland occurs from 

eastern Angola, northern Zambia, south-western Tanzania and central Malawi in areas 
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receiving more than 1.000 mm rainfall per year. Canopy height is more than 15 m and the 

vegetation is floristically rich including nearly all characteristics miombo species. 

Brachystegia floribunda, B. glaberrima, B. longifolia, B. wangermeeana, Julbernardia 

paniculata, Isoberelina angolensis, and Marquesia macroura are widely distributed 

(White, 1983). 

 

The soils of the miombo landscape are poor and form a catenary sequence, with well-

drained and deeply weathered soils on the higher areas (often with lithosols on the ridge 

crests in drier areas) giving way to a narrow zone of sandy soils along the footslopes and 

then to imperfectly to poorly-drained vertisols in the dambo (Watson, 1964 and Webster, 

1965). 

 

Miombo ecosystems in Mozambique directly support the livelihoods of people living in 

rural areas throughout the country. People living in towns and cities also depend on food, 

fibre, fuelwood and charcoal produced in miombo (Chidumayo, 1997). Other natural and 

anthropogenic processes, such as burning, clearance of land for cultivation, slash-and-burn 

agriculture, the cultivation of wetlands and heavy grazing by livestock in dry areas, 

contribute to vegetation cover changes. Such changes will have long-term socio-economic 

and environmental consequences, including a decline in the availability of natural 

resources in the woodlands, fewer inputs to sustain the fertility, reductions in grazing land 

and a range of environmental impacts affecting ecological functioning, carbon storage, 

trace gas emissions, hydrology and regional climate (Frost, 1996 and Chidumayo, 1997).   

 

On a more positive note, about 9% of the miombo in the region is protected as national 

parks, safari areas, and wildlife and forest reserves. Moreover, important advances have 

been made towards developing community-based natural resource management 

programmes, initially based on the sustainable use of wildlife but increasingly being 

extended to woodland resources in general (Bradley & McNamara, 1993 and Dewees, 

1994). 
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3. FOREST AND CLIMATE CHANGE  

 

3.1. The World’s Climate Change 

Climate change is the long-term change in the climate as a consequence of the atmosphere 

being altered by humankind's activity. Scientific evidence suggests that a rising 

atmospheric carbon dioxide concentration is the main force driving the earth’s changing 

climate (Petit et al., 1999) It is believed that anthropogenic activities, principally the 

burning of fossil fuels, contribute significantly to this increase of atmospheric CO2 (IPCC, 

2000 and FAO, 2004).  

 

According to the Intergovernmental Panel on Climate Change (IPCC) (2000), there has 

been an unprecedented warming trend during the 20th century. The current average global 

surface temperature of 15oC is nearly 0.6oC higher than it was 100 years ago. The Earth's 

climate is changing because the composition of our atmosphere is being altered, primarily 

as a consequence of human activity. The world's population continues to grow at an 

alarming rate with our numbers now exceeding six billion persons. Despite the fact that 

most of the world's people still live in unacceptable levels of poverty, our wealth services 

are improved and with it there is a corresponding increase in demand for natural resources, 

energy, food, and goods to consume. In these processes, we discharge vast quantities of 

gases and effluents that change the atmosphere composition and the capacity to regulate its 

temperature. 

 

Almost all greenhouse gases reached their highest recorded levels in the 1990s and 

continue to increase. Atmospheric CO2 and CH4 have varied substantially during glacial-

interglacial cycles over the past 420.000 years, but these values are much less than their 

current atmospheric concentrations. In terms of radiative forcing by greenhouse gases 

emitted through human activity, CO2 and CH4 are the first and second most important, 

respectively. The concentration of CO2 increased by 31 ± 4%, and that of CH4 rose by 151 

± 25% since industrial revolution 250 year ago (Table 1). It is now widely accepted that 

the burning of fossil fuels is the most important source of greenhouse gases. Fossil-fuel 
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burning released on average 5.4 Gt C yr-1 during the 1980s, increasing to 6.3 Gt C yr-1 

during the 1990s. After the burning of fossil fuels, the most important sources of 

greenhouse gas emissions are activities related to land use, primarily tropical deforestation 

and forest fires (UNEP, 2000 ).  

 

Table 1. Principal greenhouse gases 

Greenhouse 

Gases 

Importance  

to Climate  

Change 

Trend in the  

Atmosphere 

Land Use Related  

sources of  

Greenhouse Gases 

 

Carbon dioxide 

(CO2) 

Very high Increasing; +31% 

in last 250 years 

Mostly produced by deforestation 

and forest fires 

 

Methane (NH4) Moderate Increasing; +145% 

in last 250 years 

Generated by livestock waste, the 

decomposition of wetlands, and 

burning of biomass 

 

Nitrous oxide 

(N2O) 

Moderate Increasing; +15% 

in last 250 years 

Caused by deforestation, burning of 

other biomass, and application of 

nitrogen fertilizer 

 

Carbon 

monoxide (CO) 

Moderate Increasing Comes from the incomplete burning 

of pasture and grasslands 

 

Source: Modified from Ciesla, 1995 

 

Currently, the CO2 emissions from human activity are estimated to be 7.5 billion tonnes of 

carbon annually, of which 1.5 to 1.8 billion tonnes comes from forest-related sources. 

Greenhouse gases from deforestation are mostly CO2 with lesser amounts of methane and 

CO. This tropical deforestation is one of the most critical environmental problems facing 

the developing countries today in terms of its long-term catastrophic impact on 

biodiversity, economic opportunities, social problems, and contribution to global climate 
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change. The socioeconomic impact of climate change in developing countries will be 

significant. Rising temperatures and irregular precipitation patterns will impact negatively 

on agricultural crop yields, food security, and health issues related to malnutrition (UNEP, 

2000 and IPCC, 2001a).  

 

Anon (1999), estimated that the annual rates of deforestation in developing countries 

between 1980 and 1990 ranged from 13.7- 15.5 million hectares. With the clearing of 

forests on such a massive scale and the burning of most of the wood associated with them, 

there has been an enormous release of greenhouse gases into the atmosphere. The above-

ground biomass of tropical moist forests is often more than 175 tC ha-1 yr-1. When cleared 

and burnt, much of this carbon ends up in the atmosphere as carbon dioxide. Most of this 

loss in forest cover is the result of land clearing for agricultural use that has lower carbon 

sequestration potential (IPCC, 1996).  

 

Some of the emissions of greenhouse gases are absorbed by "carbon sinks," the most 

important of which are the oceans and forests.  Forests sequester carbon from the 

atmosphere as part of photosynthesis. However, because trees have a much longer lifetime, 

they act as long -term reservoirs that lock up the carbon for decades, even centuries, in the 

form of cellulose and lignin. The carbon that is not captured by the sinks accumulates in 

the atmosphere. Table 2, illustrates the global carbon budget from 1990 to 1999. 
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Table 2: Global CO2 budgets from 1990-1999. + values are fluxes  

into the atmosphere, - values represent uptake from the atmosphere. 

 

 CO2 PgC yr-1 

accumulated in the 

atmosphere 

 

Atmospheric increase 3.2 ± 0.1 

 

Emissions (fossil fuel, cement) 6.3 ± 0.4 

 

Ocean-atmosphere flux -1.7 ± 0.5 

 

Land atmosphere flux -1.4 ± 0.7 

 

Source: IPCC, 2001b 

 

3.2. Impact of Climate Change on Forests 

 

Although Grace et. al. (1995), concluded that undisturbed tropical rain forest act as a net 

carbon sink, vegetation can act both as a source or a sink of carbon. It acts as a source 

through respiration, burning and decay and as a sink of atmospheric carbon through 

photosynthesis and plant growth. There is, however, a considerable variation in the balance 

between vegetal sources and sinks of carbon at a range of spatial and temporal scales. At 

the global scale, for instance, there is uncertainty over whether terrestrial vegetation may 

be considered carbon source or sink based on an annual basis (Roughgarden et al., 1991; 

Smith et al., 1993; Sampson et al., 1993).  

 

Cox et al (2000), suggested that global warming (GW) could cause the biosphere to switch 

from being a net sink to a net source of CO2. In his simulation, GW causes a large 

reduction in rain fall over Amazonia, which causes a severe dieback of tropical rainforest 
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by 2050. Combined with increased soil organic matter, this dieback releases CO2 back into 

the atmosphere and further accelerates GW. 

 

The forests of higher altitudes will be more affected than those in the tropical and 

subtropical areas, but high altitude mountain forests in the tropics will also be at risk. Like 

temperate and boreal forests, the tropical forests will undergo change as a consequence of 

any shift in growing conditions. This would challenge the ability of many species to 

survive, particularly on sites that are presently marginal for their growth. On the positive 

side, warmer temperatures, more precipitation, and more CO2 will favour the growth and 

expansion of some forests.  

 

3.3. The Kyoto Protocol and the Clean Development Mechanism 

 

The Kyoto Protocol of the United Nations Framework Convention on Climate Change 

(UNFCCC) strengthens the international response to climate change. Adopted by 

consensus in December 1997, it contains legally binding emissions targets for Annex I 

(developed) countries for the post-2000 period. By arresting and reversing the upward 

trend in greenhouse gas emissions that started in these countries 150 years ago. The 

Protocol promises to move the international community one step closer to achieving the 

Convention ultimate objective of preventing “dangerous anthropogenic interference with 

the climate system” (Grubb et al., 1999).  

 

The protocol identifies three possible flexible mechanisms for countries to meet emission 

reduction targets: (i) joint implementation; (ii) a clean development mechanism (CDM); 

and (iii) emission trading. The clean development mechanism (CDM) defined as a 

flexibility mechanism established under the Kyoto Protocol is the protocol innovation as it 

allows Annex 1 countries to receive emissions credits by implementing projects in non-

Annex 1 countries that reduce emissions. CDM would allow for carbon sequestration and 

storage investments in reforestation, afforestation and in reducing deforestation to qualify 

as emission reductions credits by the investing countries. The theory behind this 

mechanism is that it does not matter where the emission reductions occur in the world for 
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the global atmosphere to benefit (Grubb et al., 1999). For example, a French energy utility 

could obtain emission reduction credits for France by establishing a tree plantation in 

Zambia as a carbon sink. "Sink enhancement" interventions related to improving the 

management of the existing forest resources are under consideration as part of CDM but 

have not been agreed to as yet. 

 

3.4. Forest Management Actions to Mitigating Climate Change 

 

Oceans, soils and forests all offer some potential to be managed to promote net carbon 

sequestration. The role of forests in carbon sequestration is probably best understood and 

appears to offer the greatest near-term potential for human management as a sink. Forest 

biomass accumulates carbon over decades and centuries. Furthermore, carbon 

accumulation potential in forests is large enough that forests offer the possibility of 

sequestering significant amounts of additional carbon in relatively short periods. However, 

forest carbon can also be released quickly when the forest burns (Sedjo et al, 1998). 

 

There are four components of carbon storage in a forest ecosystem. These are trees, plants 

growing on the forest floor (understorey material), detritus such as leaf litter and other 

decaying matter on the forest floor and forest soils. Carbon is sequestered in the process of 

plant growth through photosynthesis. The carbon held captive in the forest stock increases 

as the forest biomass grows. Over time branches, leaves and other materials fall to the 

forest floor and may store carbon until they decompose. Additionally, forest soils may 

sequester some of the decomposing plant litter through root-soil interactions (Sedjo et al, 

1998). 

 

Forest conservation for carbon sequestration purposes can be either direct or indirect. 

Direct interventions essentially require the "locking up" of threatened land resources into 

untouchable reserves. Indirect interventions comprise a far wider range of possibilities, 

including increasing agricultural productivity (thus lowering the need for cyclical slash and 

burn cropping), the development of agroforestry to meet fuelwood needs and increased 
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agriculture productivity, the opening of markets for indigenous forest products and the 

promotion of wood waste and paper recycling (Stuart & Costa, 1998). 

 

Interventions that reduce ongoing rates of carbon emissions from forestry practices can 

also be important. These include reduction in rates of deforestation, the introduction of 

techniques for controlled logging and improved fire prevention. It is estimated that 15 

million hectares of tropical forests are logged yearly throughout the world (Singh, 1993), 

and the majority of logging operations in tropical countries are considered unsustainable 

and damaging (Poore, 1989). Implementation of reduced impact logging techniques that 

avoid unnecessary destruction of biomass and release of carbon have great potential as a 

carbon offset technique (Marsh 1993).  

 

The suppression of forest fires is another option to reduce unnecessary carbon emissions. 

In the last decade for instance, fire outbreaks have destroyed millions of hectares of 

rainforests in Kalimantan and Sumatra, and the incidence of forest fires is expected to 

increase in the next decade (ITTO, 1994). In 1997, another massive series of fires began in 

Indonesia, releasing hundreds of millions of tonnes of greenhouse gases. Along with the 

crucial need to address the causes, a combination of ground-based practices of fire 

prevention and control and available remote sensing monitoring systems (Malingreau et 

al., 1989) have great potential for reducing the frequency and extent of forest fires.  

 

Forestry can also be used to prevent carbon released by fossil fuels elsewhere. This can be 

achieved through fuel or material substitution. Fuel wood can be used to replace fossil 

fuels and wood-based materials could be used to replace materials that require high levels 

of energy and/or fossil fuels for their production (e.g., steel, cement, plastics) (Stuart & 

Costa, 1998).  
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4. METHODOLOGY 

4.1. Data Collection 

Data were collected from fallows of different age ranges, varying from 0-5, 6-10, 10-20, 

and 30 years of fallow. 30 years old fallow, include fields abandoned after independence in 

1975 and, for this study, it has been assumed that their age is 30 years. The ages of the 

fallow fields were identified by the key informant Mr Eduardo Ranguisse, the secretary of 

the Nhambita community who has a good knowledge of the area.  

 

The primary objective was to investigate carbon stocks of 28 fields in fallow including 

seven fields for each age class, but according to the real situation during data collection it 

was not possible to identify seven fields for the 10-20 years range of fallow. This is 

because the age class coincides with the period of civil war, that lasted for 16 years in 

Mozambique and which was very intensive in the Nhambita community. Almost all the 

local people had moved to Gorongosa Village. Because of this, only four fields have been 

measured in this age range. In order to compensate for the fact that there were not enough 

fields available for the 10-20 years of fallow range, three fields have been added to the 30 

years range giving this range a total of 10 surveyed fields.   

 

All the above fields were randomly selected in order to provide the basis for computing a 

valid estimate of the sampling error by justifying the assumption of independence of 

sample units over the fields. This independence assumption is critical to the validity of any 

parametric test of the null hypothesis and to computing standard errors (Quinn & Keough, 

2002) of estimated age effect on biomass. 

 

Each field was divided into four equal parts using a rope and then one circular plot of 10 m 

radius was set randomly along the lines dividing the field (Figure 5). Overlapping plots 

was avoided as well as the edge effect, to not influence the results. Each fallow field had 

four plots with a total area of 1256 m2 of sampled plots in each field. The geographic 

position point of each field was recorded from the centre of the field (the crossing point of 

the ropes) and all trees have been identified by local name in the field and data recorded as 

in Annex 1. 
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Figure 5: A layout of plots in the field. The circles have a radius of 10 m, the fields have a 

variable area, often about 1 ha. 

 

4.2. Measurements 

 

4.2.1. Diameter 

 

Although the concept of giving values to the whole tree has been widely recommended, 

wood remains a very important product of the tree. The diameter and girth are very 

important factors in tree measurement because they are two of the variables used to 

estimate tree volume and biomass, they give a high level of consistency, are easy to 

measure and in irregular forests with different species and tree ages an histogram showing 

the number of trees in different diameter classes is a useful way of characterizing the 

structure of the forest (Philip, 1994). 
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Trees with DBH less than 5 cm were ignored as their C-content is negligible. The 

measurements were done using diameter tape, and the breast height was considered to be at 

1.3 m from the soil level on the highest side of the tree (Philip, 1994 and MacDicken, 

1997). On trees forking below 1.3 m from the ground level, each stem was measured and 

recorded separately. Trees forking above 1.3 m were measured at breast height (Figure 6) 

(Philip, 1994). 

 

 

Figure 6: Diameter measurement for a tree forking bellow 1.3 m DBH 

 

4.2.2. Height 

 

The accuracy of height measurement is important since it is one of the tree variables used 

to estimate tree volume. The total height of trees with up to 1.5 m of height was measured 

directly using tape, while trees with more than 1.5 m of height were indirectly measured 

using a clinometer (Figure 7) (Philip, 1994). 
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Figure 7: Measuring height using clinometer 

 

4.3. Calculations 

 

4.3.1. Species diversity 

 

Species diversity refers to species richness and evenness. Species richness refers to the 

number of species in a vegetational community, which is usually characterized by a few 

dominant species with numerous individuals and non-dominant species with very few 

individuals, while evenness measures the distribution of individuals among the different 

species in the community. Species density is the simplest measure of species diversity 

(Equation 1) (Chidumayo,1997). 
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area
NS

SD=                            Equation (1) 

 

Where 

SD= species diversity (species/ha) 

NS= number of species 

 

4.3.2. Basal area  

 

Basal area per tree is the cross-sectional area of a tree at breast height. It can be calculated 

from diameter at breast height (Equation 2).  

 

2
*

2
r

BA
p

=                                  Equation (2)      

 

Where 

BA= basal area (m2)  

�  = constant 3.142 

r = radius 

 

4.3.3. Above-ground wood biomass 

 

To address many of the issues related to forest biomass requires that the biomass of all 

forest components be estimated, including the above-ground and below-ground living mass 

of trees, shrubs, palms, saplings, other understorey components, vines, epiphytes, etc., and 

dead plant mass such as fine litter and wood. How the mass of these components changes 

with time and with natural and antropogenic disturbances is also important. The biomass of 

these components generally accounts for the greatest fraction of total living biomass in a 

forest and does not pose too many logistical problems in its estimation. Consequently, 

biomass is defined as the total amount of above-ground living organic matter in trees 
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expressed as oven-dry tons per unit area (tree, hectare, region, or country). It is referred to 

as biomass density when expressed as mass per unit area, e.g., tons per hectare (Brown, 

1997).  

 

In general, ecologists have been interested in developing statistical models to relate 

satisfactorily the biomass to stem height and/or diameter. This involves destructive 

sampling of a number of stems to determine the biomass (Philip, 1994). Models are based 

on allometric equations that show the relationship between tree oven dried biomass and 

tree diameter at breast height. This relationship is established by utilising the destructive 

methods where trees are felled, divided into foliage, branches, stem wood and stem bark 

and weighed fresh. Sub- samples are then oven dried and weighed (Chidumayo, 1997;  

Ritson & Sochacki, 2003 and Specht & West, 2003).  

 

The current study considered only above-ground biomass in different succession stage 

after agriculture. Because of shortage of time, it was not possible to develop the equations 

de novo to estimate the biomass for the present study. Instead, equations were obtained 

from several published sources (Table 3). 

 

Table 3. Wood biomass allometric relationships 

Equations Source 

Eq. 1 15716 -= DBHB    (DBH > 11cm)  

 

        1.34.1 -= DBHB     (DBH <11 cm) 

 

(Chidumayo, 1997) 

Eq. 2. 44.623.2 -= DBHB          (DBH > 11cm) 

          84.18843.17 -= DBHB    (DBH <11 cm)                         

(Chidumayo, 1997) 

 

Eq. 3. ( )26589.00671.84703.34 DBHDBHB +-º  (Brown et al, 1989) 

 

Eq. 4. 35..1*0513.0 BAB º  House, J., pers. comm. 
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Where: 

B = predicted total or above-ground biomass (kg)  

BA= basal area (cm2) 

DBH = diameter (cm) at breast height (1.3 m)  

 

Each of the above equations has been used to estimate the biomass of each tree, after 

which the average of the four estimates was calculated per tree. The total amount of 

biomass in each field was calculated by summing the biomass of each tree in the field and 

then dividing by the total sampled area (1256 m2) (Equation 3). 

 

10*)(
)( SA

MB
Biomass tree

field
�=                       Equation (3) 

 

Where: 

Biomass (field)= tons/ha 

MB(tree)= mean biomass per tree (kg) 

SA= total sampled area (m2) 

 

4.3.4. Carbon sequestered 

 

The biomass of forests provides estimates of the carbon pools in forest vegetation (Brown, 

1997). A reasonable average for converting from dry biomass to carbon content is to 

multiply dry biomass by 0.50. The range most cited of the proportion of C-content in the 

dry mass is 0.43-0.58, hence it is suggested that 0.5 is the appropriate default assumption 

(IPCC, 1996). The amount of existing carbon in the fields was estimated from above-

ground biomass based on the assumption that 50% of it represents carbon. 
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4.4. Data Analysis 

 

Statistical analysis (correlation analysis, regression and ANOVA) was done using 

MINITAB. Model II regression- was used to establish the relationship between DBH and 

tree height. This regression model gives the functional relationship between the variables, 

but investigates should not attempt to use the resulting equation to predict values of Y 

given X because this estimates is biased and give minimal-width confidence. In this case 

Model I regression is appropriate (Sokal & Rohlf, 1995). 
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5. RESULTS  

 

5.1. Variation According to Fallow Age   

 

5.1.1. Tree density 

 

About 71 species were recorded during the study. All of them have been identified in the 

field by local name and others have also been identified by their botanic name using (De 

Koning, 1993; Van Wyk & Van Wyk, 1997 and Palgrave, 2002) (Appendix 2). Table 4 

summarises the changes occurring during regrowth. Tree density in young regrowth fields 

(0-5 years) is almost 3-5 times less than that found in 30 and 11-20 years of  regrowth 

fields respectively. This may be the result of fires since the fields accumulate huge 

amounts of grass. Although it was suggested by Boaler& Sciewale (1966), that areas 

abandoned after cultivation in miombo show a rapid regrowth because they receive a high 

intensity of light that promotes regeneration, man-made dry season fires cause considerable 

mortality and also thin out stem density in regrowth areas. About 4% and 40% of stems die 

under early and late dry season fires respectively (Chidumayo, 1989).  

 

An old grow forest tends to have low tree density because some trees are suppressed 

during the succession process with the canopy closure. Tree density in 30 years fields in 

this study was supposed to be higher or similar to the 11-20 year fields because the canopy 

is open so it was not sufficient to have suppressed other trees. Results from Mushove 

(2003), in Nhambita miombo forest, show that tree density in more than 20 years fallow 

with little disturbance from fires is 805 stems/ha. The pressure from the community 

combined with tree mortality (part of normal cycle of tree life) may have contributed to the 

decrease of tree density in the 30 years fields.  
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Table 4. Summary of observations in the different ages of fallow. The undisturbed 

miombo woodland data are from Muchove (2003). 

Fallow 
age 
(years) 

Comments Basal 
area 
(m2/ha) 

Mean 
DBH 
(cm) 

Tree dens. 
(stems/ha) 

Biomass 
(t/ha) 

Species 
diversity 
(species/ha) 

0-5 

Tall grass with 
scattered 
regrowth trees 
with mean 
height 3.8 m. 
 

 
   0.06 
 

 
8.4 
 

 
202.5 
 

5.1 ± 1.9 20.5 

6-10 

With tall grass, 
and scattered 
regrowth trees. 
Mean height 
3.9 m 
 

 
0.04 
 

 
7.1 
 

 
720.0 
 

6.1± 1.4 37.5 

11-20 

Large trees 
with canopy, 
sparse grass 
and mean 
height 5.4 m 
 

 
0.08 
 

 
9.5 
 

 
1098.7 
 

38.4 ± 12 60.7 

30 

Some large 
trees with open 
canopy, 
considerable 
short grass, 
some dead 
trees on the 
ground, mean 
height 6.3 m 
 

 
0.12 
 

 
12.2 
 

 
574.0 
 

 
31.9 ± 2.6 

 
39.8 

Old 
grow 

“undisturbed” 
miombo 
woodland 

   
121.1 ± 
13.1   

 

 

Fallow fields supply different products such as fuel wood and poles for construction to the 

community in Nhambita. All the fields with 30 years are around the community and people 

use them to extract those products while all the 19 years fields that contributed to high tree 

density in 11-20 age class are far from the community, approximately 1 hour’s walk. It is 

likely that trees have been cut from most of the 30 years fallow for population settlement in 
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1992 after the peace agreement. Chidumayo (2002), found a significant reduction of tree 

density as a result of poles harvested during the settlement. Mushove (2003), attributed 

timber extraction for construction, agriculture, charcoal production and commercial timber 

logging as the main factors contributing to low tree density in Nhambita forest. 

 

5.1.2. Species diversity 

 

Species diversity is related to succession. The early stages of succession are traditionally 

supposed to have low species diversity because they are dominated by species that tolerate 

adverse conditions. However, as the soil condition improves, the early species are replaced 

by later species (Frost, 1996). In 30 years fields the species diversity decreased to 39.8 

species/ha from 60.7 in 11- 20 years fields. This may be related to fire occurrence in the 

area as these fields have a considerable amount of grass and are close to the homesteads.  

 

In general, there is a change in species composition in these regrowth fields compared with 

typical miombo which is dominated by Brachystegia species and Julbernardia globiflora 

that was not found in any of the sampled fields. Tree species dominance differ from one 

stage of succession to another, so that species that are dominant from 0-5 years are 

different from those that dominate other age classes (Figure 8). However, Acacia 

nigrescens (mugoe), Lannea schweinfurthii (bzototo) and Sclerocarya birrea (mfula) can 

be considered as early species, while chimanda, Vitex sp. (mucubvusetche) and guaquacho 

are the later succession species. Piliostigma thonningii (mucequesse), Lonchocarpus 

capassa (pacassa) and Annona senegalensis (mulolo) are “ubiquitous” because they occur 

throughout successions. 
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Figure 8: Species diversity in regrowth miombo 

 

5.1.3. Basal area 

 

The global average of total basal area is 0.08 m2/ha with an annual increment of 0.003 

m2/ha. Basal area has a different trend from biomass and tree density. It first decreases 

from 0-5 to 6-10 years fallow and then increases continuously.  This is because basal area 

is only correlated to DBH (from equation 2 in the methodology) and not correlated to tree 

density (P= 0.824 , r2= 0.002) (Appendix 3), while biomass is both correlated to DBH 

through the equations and also to tree density (P= 0.004 , r2= 0.5 ) (Appendix 4).  
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5.2. Wood Plant Biomass 

 

Biomass is defined as the total amount of aboveground living organic matter in trees 

expressed as oven-dry tons per unit area (Brown, 1997). We may assume that 50% of it is 

aboveground carbon. The global average of total above-ground biomass is 19.6 t ha-1 with 

an accumulation rate of 1.1 t ha-1 yr-1. Regression analysis showed that the amount of 

biomass accumulated in the fields is significantly (P= 0.001 and r2= 0.54) (Appendix 5) 

related to the age of the fallow (Figure 9).  The total amount of biomass in old grow forest 

“unisturbed” in the same area is 121.1 ± 13.1 (Muchove, 2003). This is very high when 

compared with the total biomass of the current study.  
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Figure 9: Biomass accumulated in different fallow ages 

 

It is noticeable by analysing the amount of biomass accumulated in each field (Appendix 

6) that some fields from the same age differ in terms of biomass especially in one of the 2 

years field. This is because the field contains fruit trees which are protected during the 

clearance of the area for agriculture. Some of these fruit trees such as Ziziphus mucronata 
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(massaniqueira) are native and others that include Carica papaya (paw-paw), Mangifera 

indica (mango) are exotics. 

 

About 75% of the biomass of the 2 years old fallow with a total of 2.1 t ha-1 of biomass 

corresponds to mango trees, paw-paw trees represent about 80% of the biomass in the 4 

years old fallow. These values could be different for these fields if specific equations to 

estimate biomass have been used. It is likely that paw-paw trees have lower biomass than 

mango trees and any other miombo tree because the stem is not hard. 

 

ANOVA analysis showed significant differences (P= 0.001, r2= 0.434; Appendix 7) in the 

amount of both biomass and carbon accumulated in each age class. The amount of biomass 

in the fields from 0-5 years old is four times less than the biomass in the fields that vary 

from 11-20 years. On the other hand the amount of biomass in the old fields (30 years) is 

lower than the amount accumulated from 11-20 years (Table 4). 

  

5.3. DBH and Height Relationship 

 

Diameter at breast height (DBH) and tree height are important tree characteristics which 

are necessary to measure in forest inventory studies. DBH is a variable for which 

measurement is easy, while measurement of height is more difficult and time consuming 

than that of DBH. However, there is a close relationship between these two parameters  

(Avsar, 2004). Model II regression shows a strong relationship between these two variables 

(P-Value = 0.001, r2= 55.9; Figure 10). The regression line equation is 

dbhH 543.3392.5 +-= . 
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Figure 10: Sqrt DBH and tree height relationship for all tree measured 
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6. RESULTS DISCUSSION 

 

6.1. Limitations of the Study 

6.1.1. Chronosequences 

 

It is always important to realise that chronosequenses can be interpreted as units of 

successional change only when the parent material and management are the same in all 

parts of the sampled range. In this study, as in others, this is likely to have been some 

variations especially in the management. 

 

When cultivated land is abandoned its vegetation passes through several secondary 

successions, but rarely reaches the climax before the land is cleared again. Weeds, 

including grasses, which are usually short-lived, dominate the first phase of succession. 

Shrubs may dominate the next phase, but dominance often passes from herbaceous plants 

to trees (Nye & Greenland, 1960).  

 

The early stages of succession in moist semi-deciduous forest are characterised by trees, 

shrubs, herbs and climbers with a greater variety of floristic composition, while in dry 

deciduous forest the secondary vegetation consists of a mass of coppice shoots. Woodland 

is another deflected climax in dry deciduous forest and consists of small or medium sized 

trees forming a close canopy (Nye & Greenland, 1960).  

 

The dynamics of miombo woodlands have been interpreted largely in terms of a single- 

state equilibrium model of succession to regional climax vegetation characterised by dense 

woodland in drier regions and semi-evergreen or evergreen forest in wetter areas. 

Nevertheless, fire and disturbance by people or wildlife are the processes reversing this 

trend (Freson et al., 1974; Strang 1974 and Lawton 1978). For example, Freson et al. 

(1974), propose a three-stage regressive series (dense, dry forest-open miombo and 

woodland-savanna) induced by the combination of wood cutting and fire. The view that 

miombo is a sub-climax formation arises partly from observations of miombo juxtaposed 
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with patches of evergreen forest where topography and soils seem superficially to be the 

same. White (1983), however notes that where evergreen forest occurs alongside wet 

miombo there is a transition to deeper soils, suggesting an edaphic control. 

 

It is likely that under the conditions of the study area the succession climax will be 

woodland savanna in the regrowth areas after agriculture. The study showed high biomass 

variation in some cases. Appendix 6 shows a 19 years fallow with 61.6 t ha-1. This may be 

related to the variation in terms of soil fertility and anthropogenic pressure to resources. 

 

Miombo regrowth usually does not change in terms of species composition from cleared 

vegetation, because regeneration consists of stumps or rootstock, shoots and recruitment 

from old stunted seedlings already present in the grass layer at the time of cutting. The 

sapling population in regrowth may consist of one-third coppiced stumps and two-thirds 

seedling recruitment after one year of regrowth (Chidumayo, 1997). Nevertheless, the 

proportion of sapling from seedling recruitment may be low in regrowth after agriculture 

because seedlings are removed during land preparation for crop cultivation. In this case, 

seedling establishment depends on soil seed bank and seed dispersion from the surrounding 

trees (Peters & Neuenschwander, 1988). 

 

Regrowth in miombo is significantly affected by the vegetation before felling. Chidumayo 

(1997), reported that a pre-felling stand and seedling pool in dry miombo was dominated 

by Julbernardia globifloraa, and the species continued to dominate the early succession in 

regrowth (Figure 11).  
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Figure 11: Dominant species in the 4th year regrowth                                                                            

 

6.1.2. The allometric equations 

 

Allometric relationships can be useful if a single equation is applicable for more than one 

species. The use of a combination of regression lines is common for savanna areas where 

little information is available and also in the similarity between species (House, J. pers. 

comm.). Figure 12 shows the different results given by each equation used in this study. 

Although the equations used are from different sources with different peculiarities (like the 

change of the equation for specific DBH size), they are very robust and consistent because 

the graphed lines have the same pattern over the age sequences. 
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Figure 12: Biomass variation in the fields, estimated with the four different allometric 

equations used separately. 

 

6.2. The Effect of Burning in the Regrowth Miombo 

6.2.1. Species diversity 

 

Fire is a major problem in the management of natural regeneration of savanna woodland in 

tropical Africa (Trapnel, 1959 and Whitlow, 1987). Complete fire protection is often 

impractical in settled areas and increases the risk of more destructive accidental fires due to 

accumulation of ground fuels. 

 

Dry season fires are a regular and frequent feature of miombo ecosystems (Trapnell, 1959), 

occurring at most sites 1-3 times in yearly intervals. Miombo woodland probably 

constitutes the single largest area burnt in the world, around 1 million km2 of area burnt 

every year (Scholes et al., 1996a). Fire-return intervals depend on fuel accumulation rates 

both at the site and in the surrounding vegetation and on the proximity to potential sources 

of ignition.  
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Fires in the miombo region are an important source of trace gas emissions, methane, 

carbon monoxide and nitrous oxide (Andreae et al., 1996 and Scholes et al., 1996b). Most 

fires probably originate accidentally from people preparing land for cultivation, collecting 

honey, or making charcoal (Chidumayo, 1997). Deliberate burning is done by hunters and 

livestock owners to provide a green flush that attracts the animals. Fire is also used to clear 

areas around homesteads and alongside paths between settlements. Fires in miombo are 

fuelled largely by grass and fine woody material, and their impact on plants depends on 

their intensity and timing in relation to plant phrenology.  

 

Late dry season fires are more intense and destructive than fires occurring in the early dry 

season when fuel moisture contents are relatively high and ambient temperatures and 

windspeeds are low. Fuel load is largely a function of time since the last fire, the previous 

rainfall season (which determines grass production), the amount of grazing and the extent 

of woody plant cover. Fires tend to be more frequent and intense in areas of low woodland 

cover and high mean annual rainfall, where grass production is high but where grass 

quality and therefore grazing pressure is low (Ward et al., 1996).  

 

Four functional groups of miombo plants are recognized in relation to their degree of 

tolerance to fire (Trapnell, 1959 and Lawton 1978): (i) fire-intolerant, such as the forest 

species; (ii) fire-tender (including most of the dominant canopy species when young);  

(iii) semi-tolerant and (iv) fire-tolerant species. Changes in fire frequency therefore change 

vegetation structure and composition. Frequent late dry season fires eventually transform 

woodland into open, tall grass savanna with only isolated fire-tolerant canopy trees and 

scattered understorey trees and shrubs.  Almost all the surveyed fields in this study showed 

a significant amount of tall grass especially the young fallow. Figure 13, shows the amount 

of grass available in the 10 and 6 years fallow. Grass can contribute to frequent fires 

allowing the regrowth of fire tolerant species. 
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Figure 13: The amount of tall grass available in 10 and 6 years of regrowth respectively 

 

Figure 14 gives an idea of 30 years regrowth. It shows that the area experiences frequent 

fires because the tree canopy is not closed and grass growth is not suppressed as expected 

under non frequent fires.  A period without fire could lead to gradual tree canopy closure, 

the suppression of grass growth, and lower fuel loads. Lower fuel loads mean less intense 

fires, less damage to woody plants, uninterrupted woody regrowth and continued canopy 

closure (Trapnell, 1959 and Lawton, 1978).  

 

  

Figure 14: 30 years regrowth miombo with grass growing understorey, open canopy  and a 

completely  dead tree killed by fire respectively 
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The dominant trend in regenerating miombo in the absence of frequent hot fires or other 

intense disturbances is therefore towards the development of woodland (Strang, 1974). The 

original trees are difficult to eradicate because most of the woody plants resprout 

vigorously from surviving stems and rootstocks. Seeds of Brachystegia, Julbernardia and 

most other Caesalpinioideae have low dispersability and longevity so that, where the trees 

are eliminated, recovery to the original state will be slow. This might be the reason why 

Brachystegia and Julbernardia species were not found in any surveyed field. Constant 

fires may have killed the seeds available in the soil and also eliminated the resprout.  

 

More recently, there have been attempts to describe miombo dynamics in terms of multi-

state models in which, following abandonment of cultivated fields, or the combined 

impacts of elephants and fire, there is a transition either to open woodland dominated by 

Combretum spp. or to grassland (Stromgaard, 1986 and Starfield et al., 1993). Fire is 

considered to be the driving force behind the transitions. A longer than normal fire-free 

period is needed to return the vegetation to Brachystegia-dominated woodland. 

 

Few studies of vegetation change in miombo have followed changes at a site over time. 

Most interpretations have been based instead on contemporaneous studies of vegetation at 

a number of sites presumed to differ only in fire regime (Trapnell, 1959; Lawton 1978 and 

Chidumayo, 1988) or since abandonment of cultivation (Stromgaard, 1986). Short-term 

studies in any event are unlikely to produce many insights, given that most of the tree 

species, including all the canopy dominants, are relatively long-lived (lifetime 60-120 

years). Simulation models of plant community dynamics supported by long-term 

monitoring of vegetation changes at a range of sites will be needed to predict vegetation 

change under existing and changed conditions. 
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6.2.2. Comparison of above-ground biomass with other studies 

 

I compared the results obtained from Frost (1996) and Chidumayo (1997), with those of 

the current study (Figure 15). It can be seen that the biomass accumulation rate of Frost is 

higher (2 t ha-1 yr-1) than others, followed by the results from Chidumayo study (1.86 t ha-1 

yr-1).  Nevertheless, Stromgaard (1985), found a wood biomass accumulation rate of 0.99 t 

ha-1 yr-1 in 16 years old coppiced miombo woodland in northern Zambia, which is slightly 

lower than the rate found in the present study (1.1 t ha-1 yr-1).  The results of this study 

might have been affected by the fact that fields burnt almost every year and each burn 

reduces the carbon stock significantly. Frequent burn might also have contributed to a low 

soil fertility in the fields and reduced the capacity of the trees to regrow. 
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Figure 15:  Biomass curves from different studies. In the case of Frost (1996), for clarity I    

have selected only a sample of his many plots. 

 

Overall mean annual increment in woody biomass in regrowth miombo woodland aged 

from 2-30 years (age covered in this study) is 1.1 t ha-1 yr-1 and the carbon accumulation 

rate may be estimated as 0.55 tC ha-1 yr-1. This accumulation rate is low compared with 

Chidumayo (1990), in his study of biomass in Zambia where he got an accumulation rate 

of 1.97 t ha-1 yr-1 in coppiced regrowth in the age range 3-29 years. However, although 

there was poor regression of mean annual increment in general in the current study, the 
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accumulation rate appeared to increase from 0.18 t ha-1 yr-1 in regrowth aged 0-5 years to 

2.74 t ha-1 yr-1 in regrowth aged 11-20 years. Chidumayo also got an increase in the rate of 

biomass accumulated with the age increment in the study mentioned above, although his 

values are higher than those from this study.  

 

The average wood annual increment in wet miombo is 2.7 t ha-1 yr-1, while in dry miombo 

is 1.9 t ha-1 yr-1 (Chidumayo, 1997). The mean annual increment (MAI) in wood biomass 

during early stages of regrowth in miombo woodland is affected by fire. The MAI of 0.60 t 

ha-1 yr-1 under early burning regimes was significantly higher than that of 0.22 t ha-1 yr-1 

under imposed late dry-season fire regimes in plots aged 3-6 years (Chidumayo, 1988). 

 

According to Chidumayo (1997), there is positive correlation between age and wood 

annual increment in regrowth miombo during the first 10 years. However, it is expected 

that old growth trees will allocate more biomass in leaf production and grow slowly in 

diameter. Frost (1996), also suggested that miombo growth curves tended to level off after 

30 years. It was not possible to distiguish clearly that level off in this study, probably 

because of the uncertainty in the age identification as all these fields have been reported 

before independence (1975) and assumed as 30 years old. 

 

6.2.3. Soil organic matter and carbon  

 

Nutrient availability in the soil is a determinant for plant growth because the roots absorb 

nutrients from it. Burning oxidizes organically bound elements in vegetation and litter and 

releases them in forms available to plants. The intensity and duration of a fire, the amount 

of material which is consumed and its nutrient content, all determine the quantities of 

nutrients released. Some of the elements, mainly nitrogen, carbon and sulphur, are 

volatilized and may be lost to the atmosphere (Frost & Robertson, 1985 and FAO, 2004). 

 

The loss of nutrients through volatilization and export in ash during savanna fires has 

seldom been measured satisfactorily. Given the amount of organic matter that is burnt, 

considerable losses might be expected. However, in the first years of fallow there are huge 
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amounts of grass available and some new seedlings and resprout, tree litter is almost 

nonexistent (Kellman et al., 1985). Charcoal is extremely resistant to decomposition 

consequently, in severely degraded soils that have been affected by several fires, it can 

form a substantial proportion of the remaining organic carbon (FAO, 2004). 

 

Regular fires are one of the characteristic features of tropical savannas (Chidumayo, 1997). 

Lower levels of organic carbon have been measured in the surface soils of  annually burnt 

plots (Brookman-Amissah et al., 1980) and in plots burnt during the late dry season 

compared with early-burn and unburnt areas (Frost & Robertson, 1985 and Oguntala, 

1980). In these latter experiments, the levels of soil carbon were higher in the early-burn 

than in the unburnt plots. Higher levels of soil carbon have also been recorded in annual, 

biennial and triennial-burn plots than in unburnt plots or plots burnt only every 4 or 5 

years. In other studies, the differences in soil organic matter levels between treatments 

have not been significant (Cook, 1939; Harrington, 1974; Harrington & Ross, 1974 and 

Griffin & Friedel, 1984), even between unburnt plots and those burnt annually for 23 years 

(Trapnell et al., 1976).  

 

6.3. Nutrient Fallow Dynamic 

 

N, P, and Ca are often the most limiting to plant growth in the tropics (Vitousek, 1984 and 

Lathwell & Grove, 1986). During the first year of traditional fallows with natural 

regeneration of secondary vegetation ecosystem, stocks of N normally do not increase, and 

they can decrease by as much as 7% (< 500 kg N ha–1). Apparent losses of ecosystem P 

stocks during the first year of fallow are associated with losses of SOM, and they range up 

to 33% (about 8 kg P ha–1) of the extractable inorganic soil P at crop abandonment (Kyuma 

& Pairintra, 1983).  

 

Losses of ecosystem Ca stocks during early stages of fallows are proportionally greater and 

more prolonged than losses of N and P. Net losses of Ca during the first 2 to 4 years of 

fallow range from 140 to 590 kg Ca ha–1, or 20% to 70% of ecosystem Ca present initially 

(Wadsworth et al., 1990). Losses can occur by de-nitrification, erosion and runoff when 
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soil cover is incomplete. However, net increases in ecosystem stocks of N, P, and Ca are 

often observed in older fallows as a result of atmospheric additions, mineral weathering 

and nutrient retrieval from the subsoil (Szott et al., 1991). 

 

Soil analyses from the same plots as where the above-ground biomass have been measured 

show that there is no N recovery as the fallow age increases. However, carbon shows a 

small increase in the chronosequence (Fernando, J. pers. comm.)( Figure 16 and 17). This 

suggests that the soils are very poor and might have limited the above-ground growth.  
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Figure 16:  Soil nitrogen in different fallow ages (Fernando 2005, pers. comm.) 
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Figure 17: Soil carbon accumulate in different fallow ages (Fernando 2005, pers. comm.) 

 

6.4. Potential of Agroforestry Systems for Carbon Sequestration 

 

Agroforestry is important as a carbon sequestration strategy because of the carbon storage 

potential both above and below-ground as well as its applicability in agricultural lands and 

in reforestation. The amount of carbon sequestered largely depends on the agroforestry 

system put in place and the structure and function that are to a great extent determined by 

environmental and socio-economic factors. Other factors influencing carbon storage in 

agroforestry systems include tree species and system management (Albrecht & Kandji, 

2003).  

 

Agroforestry systems are one of the activities identified with potential to mitigate climate 

change because of: 

·  the potential to direct near-term carbon storage (centuries to decades) in trees and 

soils; 

·  the potential to offset immediate GHG emissions associated with deforestation  and 

subsequent shifting agriculture; and  
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·  provide other services such as helping to attain food security and secure land tenure 

in developing countries, increasing farm income, restoring and maintaining above-

ground and below-ground biodiversity, corridors between protected areas, carbon 

sinks, maintaining watershed hydrology and soil conservation. Agroforestry also 

mitigates the demand for wood and reduces pressure on natural forests (Pandey,  

2002 and Montagnini & Nair, 2004).  

 

The average carbon storage by agroforestry practices has been estimated as 9, 21, 50, and 

63 tC ha-1 in semiarid, sub-humid, humid, and temperate regions respectively. For 

smallholder agroforestry systems in the tropics, potential carbon sequestration rates range 

from 1.5 to 3.5 tC ha-1 yr-1 with a tripling of carbon stocks in a twenty-year period to 70 tC 

ha-1. Agroforestry can also have an indirect effect on carbon sequestration when it helps 

decrease pressure on natural forests, which are the largest sink of terrestrial carbon. 

Another indirect value of carbon sequestration is through the use of agroforestry 

technologies for soil conservation, which could enhance carbon storage in trees and soils in 

the natural forest (Montagnini & Nair, 2004).  

 

For example, carbon sequestration in India by agroforestry varies from 19.6 - 47.4 tC ha-1 

yr-1 while in China it varies from 6–15 tC ha-1. Cacao agroforestry in humid parts of west 

and central Africa holds up to 62% of the carbon stocks found in primary forests. Forms of 

agroforestry systems that include live fences, coffee with shade trees plantations and 

improved fallows in Mexico have a carbon sequestration potential varying from 17.6 to 

176.3 tC ha-1 ( Pandey,  2002).  

 

6.4.1. Improved fallow  

 

Improved fallow is a rotational system that uses one or mixed preferred tree species as the 

fallow species instead of natural vegetation (Nair, 1993). Two categories of improved 

fallow can be distinguished: (i) the short-duration fallows with fast growing leguminous 

trees or shrubs seeking to replenish soil fertility; and (ii) the medium-to-long-duration 
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fallows with diverse species aiming to rehabilitate degraded and abandoned lands as well 

as exploit tree products such as poles and firewood (Albrecht & Kandji, 2003).  

 

Biomass production in planted fallows depends on several factors including environmental 

conditions, soil type, magnitude of land degradation and the length of the fallow period. 

Leucaena leucocephala showed a biomass increase from 4 t ha-1 in the first year to 64 t ha-1 

in the sixth year of fallow in the Philippines. Carbon in the understorey, soils and woody 

debris was estimated at 25% of the above-ground carbon.  Overall, average carbon storage 

was estimated to be 16 t ha-1 over a 6-year period (Albrecht & Kandji, 2003). Studies from 

Costa Rica have shown that a 10 years old system with E. poeppigiana sequestered carbon 

at a rate of 0.4 tC ha-1 yr-1 in coarse roots and 0.3 tC ha-1 yr-1 in the stem (Oelbermann et 

al., 2004).  

 

Studies in Zimbabwe showed a significant interaction between fallow species and duration 

in total above-ground biomass and its components (Table 5). For 3 years fallows, 

pigeonpea produced the highest total above-ground biomass, which was significantly 

different from acacia and sesbania. For 2 year fallows, total above-ground biomass 

followed the order acacia > pigeonpea > sesbania. However, for 1 year fallows the total 

biomass followed the order sesbania > acacia = pigeonpea. (Mafongoya & Dzowela, 1999). 

 

Table 5: Above-ground biomass in tree years of fallow in Zimbabwe 

 

SED = standard error of the difference in means. 

Source: Mafongoya & Dzowela, 1999 
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The amount of biomass accumulated under improved fallow is high compared with normal 

fallow in the current study because: 

·  tree density is determined at the beginning while in normal fallow it is very low in 

the early stages, tending to increase slowly;  

·  the trees are usually exotic and fast growing, belonging to the Fabaceae family and 

are adaptable to any environment while in normal fallow the trees are native and 

grow slowly; and 

·  Fabaceae species are able to fix nitrogen and therefore improve soil fertility. 

 

6.4.2. Alley cropping  

 

Alley cropping refers to agroforestry systems that consist of growing crops in large alleys 

delimited by growing trees. In the tropics, no distinction is usually made between hedged 

intercropping and alley cropping. Initially developed to restore the fertility of degraded 

soils in the humid and sub-humid tropics, alley cropping was later adopted in other regions 

not only to ameliorate soils, but also to provide other products and services (e.g. erosion 

control and fodder)  (Albrecht & Kandji, 2003).  

 

There have been mixed results from alley cropping experiments in various parts of the 

world. Analysis of biomass production from published literature shows strong variations 

from 1–37 t ha-1 depending on climate, soil type and system management. However, 

aboveground carbon storage is only temporary in alley cropping systems since the biomass 

is continuously harvested for green manure, fodder and firewood (Albrecht & Kandji, 

2003).  

 

In many areas of the tropics, regular addition of pruning and root turnover have contributed 

to the build up of SOM and nutrient stocks in the soil over the years (Nair, 1993). In a 12 

years alley cropping trial in Nigeria, Gliricidia sepium and Leucaena leucocephala 

increased surface SOC by 15% (2.38 tC ha-1) compared to single crops. A 12% increase in 
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SOC (0.23 tC ha-1) has also been observed after 5 years of alley cropping with Inga edulis 

in Peru. SOC in the 0-15 cm layer of alley cropping using L. leucocephala showed carbon 

storage of  6-10 tC ha-1after 5 years (Albrecht & Kandji, 2003). In Costa Rica, the addition 

of pruning contributed to 1.4 tC ha-1 yr-1 in addition to 3.0 tC ha-1 yr-1 from crop residues, 

resulting in an annual increase of the SOC pool by 0.6 t ha-1 yr-1 (Oelbermann et al., 2004).  

 

6.4.3. Improvement of nutrient cycle in the system 

 

Tree growth is a combination of nutrient uptake from the soil and atmosphere. 

Agroforestry systems provide an opportunity for modifying the nutrient cycle through 

management which results in a more efficient use of soil nutrients, whether added 

externally as fertilizers or made available through natural processes (e.g. watering), when 

compared with agriculture systems. Figure 18 shows clearly the advantages of agroforestry 

compared with agriculture systems in terms of different sources of nutrient inputs such as 

litter fall and pruning that offset the nutrient uptake by crop. Nutrient leaching and loss 

from the system is low because they can be absorbed by trees during no crop season (Nair, 

1993). 
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Figure 18: Nutrients uptake and inputs in agroforestry system 

 

Various processes link the different compartments in the system by transferring nutrients 

between them. Nutrient fluxes include: input from precipitation and interception, fertilizer 

addition and atmospheric fixation; outputs by leaching, harvesting, fire, denitrification; 

nutrient release and retention in soil through mineralization, immobilization, cation 

exchange and anion retention, mineral dissolution and retention; uptake by plants; and 

litterfall (Khanna, 1998). 

 

6.4.4. Litter fall 

 

Plant litter that is high in nutrients, especially nitrogen, which decomposes rapidly is 

considered to be of high quality and benefits the crop, whereas woody residues and other 

lignified materials are most resistant to decomposition and therefore considered low 

quality and cause nitrogen deficiency for the crop (Nair, 1993 and Mafongoya et al., 1998).  
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Materials that are high in nitrogen, and thus have low carbon to nitrogen (C:N) ratios 

decompose rapidly and release relatively large quantities of nitrogen. On the other hand, 

material with high C:N ratio provide carbon as a source of energy to microbes. The 

microbes subsequently multiply rapidly and draw upon nitrogen reserves from the soil. 

Because the added material is very low in nitrogen this causes a temporary unavailability 

of nitrogen for the plants. When the carbon source is depleted, the microbial population 

declines and the nitrogen that had been temporarily incorporated in microbial tissues would 

once again be released to the soil and be available for plant uptake (Nair, 1993). 

 

Pruning that consists mostly of leaf and some woody material of the woody perennials 

used in agroforestry system, especially alley cropping, are generally high in nitrogen 

(Table 6). This pruning will result in increasing available nitrogen levels in the soil for the 

associated crops.  

 

Table 6. Nutrient content (%) of pruning in agrofrestry 

Tree species N P K Ca 
 

Alchornea cordifolia 3.29 0.23 1.74 0.46 
 

Cajanus cajan 3.60 0.2   
 

Cassia siamea (prunings, mainly leaf) 2.52 0.27 1.35  
 

Dactyldemia barteri 2.57 0.16 1.78 0.90 
 

Erythrina poeppigiana 3.30 0.18 1.16 1.52 
 

Gliricidia sepium 4.21 0.29 3.43 1.40 
 

Inga edulis 3.1 0.20 0.9 0.7 
 

Leucaena leucocephala 4.33 0.28 2.50 1.49 
 

Source: Nair, 1993 
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Fresh leaves of some leguminous trees such as Leucaena leucocephala, Gliricidia sepium, 

and Erythrina poeppigiana decompose relatively quickly and release a major part of their 

nutrients, especially nitrogen, within about four weeks under humid tropical conditions. 

Nutrient rich, easily-decomposable material may not always be desirable because nutrient 

release may exceed plant nutrient demands resulting in synchrony between supply and 

demands. Depending on the decomposition characteristics of the plant litter the timing of 

pruning (e.g. in alley cropping) can be adjusted to allow the most efficient use of the mulch 

(Nair, 1993; Khanna, 1998 and Mafongoya et al, 1998). 
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7. RECOMMENDATIONS 

 

7.1. Agroforestry System 

 

The LULUCF has been accepted as a credit-earning climate change mitigation option. It 

may be useful for nations to invest in actions that not only have potential to sequester 

carbon but also provide additional products and services to poor people in developing 

countries, helping to reduce the rate of deforestation and contributing to sustainability. 

Agroforestry and management of trees outside forests are mechanisms that could be 

implemented (Pandey,  2002). 

 

Proper design and management of agroforestry practices can make them effective carbon 

sinks. As in other land-use systems, the extent of carbon sequestered will depend on the 

amounts of carbon in standing biomass, recalcitrant carbon remaining in the soil and 

carbon sequestered in wood products. Average carbon storage rates by agroforestry 

practices in the tropics range from 1.5 to 3.5 tC ha-1 yr-1.  

 

Claims on the carbon sequestration potential of agroforestry systems are based on the same 

premise as for tree plantations: the tree components in agroforestry systems can be 

significant sinks of atmospheric carbon due to their fast growth and high productivity. By 

including trees in agricultural production systems, agroforestry can increase the amount of 

carbon stored in lands under agriculture while still allowing for the growing of food crops 

(Kursten, 2000).  

 

In most agroforestry systems the tree component is managed, often intensively, for its 

products such as pruning of hedgerows in tropical alley cropping and improved fallow 

systems for soil fertility improvement. Harvested material for commercial purposes is often 

returned to the soil. In addition, the amount of biomass and therefore carbon that is 

harvested and removed from the system is relatively low in relation to the total 

productivity of the tree. Therefore, agroforestry seems to have a unique advantage in terms 

of carbon sequestration compared with  tree plantations and other monoculture systems,.  
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This system can have an indirect effect on carbon sequestration if it can help to decrease 

pressure on natural forests, which are the largest sink of terrestrial carbon. Within tropical 

regions, it has been estimated that one hectare of sustainable agroforestry could potentially 

offset 5 to 20 hectares of deforestation (Dixon, 1995). Based on this assumption, 

agroforestry systems that include improved fallow and alley cropping can be recommended 

for Nhambita because it is in the buffer zone of one of the most important protected area of 

Mozambique. There are some examples of cases where promotion and implementation of 

agroforestry systems has been successful in this regard: in Sumatra, Indonesia, farmers 

who integrated rice production with tree crops and home gardens exerted much less 

pressure on the adjacent forest, in comparison with farmers dedicated to rice only (ICRAF, 

1995).  

 

However, agroforestry systems can be either sinks or sources of carbon and other 

greenhouse gases. Some agroforestry systems, especially those that include trees and crops 

(agrisilviculture) can be carbon sinks and temporarily store carbon, while others (e.g. 

ruminant-based agrosilvopastoral systems) are probably sources of carbon and other 

greenhouse gases. Agroforestry systems can be significant sources of greenhouse gases in 

the tropics. Practices such as tillage, burning, manuring, chemical fertilization, and 

frequent disturbance can lead to emissions of CO2, CH4 and N2O from soils and vegetation 

to the atmosphere (Dixon, 1995). 

 

7.2. Agroforestry and Biodiversity Protection 

 

Protected areas provide a foundation for long-term conservation by direct security of 

biodiversity. The scale of human disturbance is such that there is no unaffected area. This 

includes several degraded landscapes for logging and agriculture (Pandey, 2002 and 

Schroth et al., 2004). Diversified agroforestry belts around forest fragments have recently 

been considered as potential buffers for diversity habitats in the tropics (Schroth et al., 

2004) because they contribute to reduce pressure on forest resources and also improve the 

living standards of the rural population living around the protected area (Nair, 1993).  
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Alien species used in agroforestry are selected by the new functions and services that they 

bring to the system which cannot be provided successfully by native species. It is often 

exactly these functions and services (rapid biomass accumulation, nitrogen fixing) that can 

cause a harmful impact when these species invade beyond sites intended for agroforestry. 

Table 7 shows some of the invasive species that have been used in agroforestry.  

 

Table 7. Some agroforest invasive species reported in different countries 

Species name Species description 
 

 Leucaena species Native to central America and used for fodder, fuelwood, green 
manure and pulpwood.  
 

Calliandra calothyrsus Is native to central and south America. It is mainly used for 
fuelwood, honey production, and green manure. 
 

Sesbania sesban Native to Egypt, the main uses include fodder; fuelwood; food 
(young leaves, pods and flowers); green manure; reforestation 
and pulpwood. 
 

Gliricidia sepium  Native to central America. Has been used to shade cocoa, coffe, 
vannila and tea; as green manure, fodder (mainly for cattles), 
honey production, fuelwood, live fences, ornamental and 
furniture. 
 

Acacia auriculiformis Is native to Papwa New Guinea and northern Australia. It is used 
for fuelwood, soil conservation, shade, watershade protection 
and pulpwood. 
 

Acacia mangium Native to Australia and Papwa New Ginea, it is mainly used for 
timber, fuel wood, watershad protection, firebreacks, fodder, 
ornamental and land rehabilitation. 
 

Acacia nilotica Is native to semiarid African tropics. The main uses are 
fuelwood, charcoal, fodder and construction. 
 

Azadirachta indica Native to south Asia and it has many uses that include fuelwood, 
construction, windbreak, oil, shade, soil improvement, insect 
repellent (seeds and leaves). 
 

 

Source: Nair, 1993 and Schroth et al., 2004  

 



 

 

55 

The use of native species is the only way to avoid risks of invasiveness, especially where 

agroforestry is also intended to serve conservation purposes, as in a buffer zone of 

protected areas. The feasibility of this approach depends on the availability of species in 

native flora that are suitable for the intended use (Schroth et al.,, 2004). Table 8 

summarises some native trees that can be used in Nhambita. Gliricidia sepium is one of the 

alien species that can be used because it has been reported as invasive only in Jamaica 

(Schroth et al., 2004).  

 

Table 8. Species occurring in Nhambita that can be used in agroforestry 

Species Family Attributes 
 

Acacia nigrescens Mimosaceae Grows well under the natural 
conditions in Gorongosa 
 

Acacia nilotica Mimosaceae It is used for fuelwood, charcoal, 
fodder and construction. 
 

Adansonia digitata Bombacaceae Fruit and leaves are edible, seed 
germinates fairly easily 
 

Albizia lebbeck Mimosaceae  It is a fast growing multipurpose 
species and N-fixing 
 

Amblygonocarpus 
andongensis 

Mimosaceae Real carbon fixer; grows to be a 
huge tree, occurs naturally in the 
Gorongosa area and so worth trying 
 

Annona 
senegalensis 

Annonaceae It has medicinal properties and 
edible fruit   
 

Commiphora 
mossambicensis 

Burseraceae Fast growing; likely to propagate 
well from truncheons 
 

Erythrina sp. Fabaceae It grows easily from truncheons and 
from seed, but it is frost-tender 
 

Faidherbia albida Mimosaceae The famous agroforestry African 
species 
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Table 9. Species occurring in Nhambita that can be used in agroforestry (cont.) 

 
 

Species 

              Family                       Attributes  
 

Ficus sp. Moraceae The species will grow easily from 
truncheons 
 

Khaya anthoteca Meliaceae The perfect carbon investment 
especially in riverine fringe forest 
 

Kigelia africana Bignoniaceae Huge carbon fixer growing up to 25 
m in height, fruit has medicinal 
properties and trees are easily 
cultivated 
 

Peltophorum 
africanum 

Caesalpiniaceae It is a fast growing tree with 
potential to fix carbon, has 
medicinal properties, seed 
germinates well 
 

Pseudolachnostylis 
maprouneifolia 

Euphorbiaceae Good honey tree, fire resistant,  
respond well to cultivation if 
protected during the early 
establishment phases 
 

Pterocarpus 
rotundifolius 

Fabaceae Potentially good carbon fixer given 
its relative abundance in the 
Gorongosa area 
 

Sclerocarya birrea Anacardiaceae One of the most highly valued 
multipurpose fruit trees. Problem: 
sexes separate in different trees 
 

Strychnos sp. Loganiaceae S. cocculoides and S. 
madagascariensis produce edible 
fruit and the seed germinates easily, 
trees fast growing, success stories 
in Zambia 
 

Vangueria infausta Rubiaceae Good fruit tree/shrub 
 

 

Sorce: Nair, 1993; Van Wyk & Van Wyk, 1997 and Muchove, 2003   
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7.3. Fire Regime Regulation 

 

Late dry season fires are more intense and destructive than fires occurring in the early dry 

season when fuel moisture content is relatively high with low ambient temperatures and 

windspeeds. Fuel load is largely a function of time since the last fire, the previous rainfall 

season (which determines grass production), the amount of grazing and the extent of 

woody plant cover. Fires tend to be more frequent and intense in areas of low woodland 

cover and high mean annual rainfall where grass production is high but where grass quality 

and therefore grazing pressure is low. Emission factors for trace emissions from these fires 

can vary by a factor of 6 to 8, depending on the grass to woodland ratio (Ward et al., 

1996). 

 

Early burning is recommended for the Nhambita community because the fields have a high 

amount of grass that is not grazed. The availability of high amounts of grass combined 

with the frequency that the area is burnt can destroy the soil structure and seedlings and 

slow down the vegetation growth rate resulting in vegetation changes from the original, 

low species diversity and low amount of biomass sequestered by the trees. Firebreaks are 

also recommended around all fields in the community. 

 

 

7.4. Rural Development and Carbon Credit 

 

It is very important to identify activities that can be combined with carbon trading. For 

instance, the introduction of agroforestry system that provide other benefits apart from 

food production. Fruit trees and vegetables are some of the options that can change the life 

of Nhambita community members. The only problem is the lack of market for the 

products. To sell along the road is not sustainable because of competition from other 

people, it is also unsure whether the products will sell. Tourism development in Gorongosa 

National Park may be an opportunity for the community to supply all the fruit and 

vegetables to the park. The nearest supermarket such as "Shoprite" in Chimoio Province is 

another option for commercialization.   
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Some fruits like mangoes are seasonal and not available throughout the year, the 

introduction of dried mixed fruit packages of mango, paw-paw and banana could make a 

difference since no-one is currently doing this in Mozambique.  All these initiatives could 

not only contribute to extra cash but could also add to the food diversity which would 

contribute to improving the nutritional needs that the community face when agriculture 

production is not satisfactory. GERFA study indicated that illness in the area was linked to 

protein deficiencies and malnutrition during periods of the year when food is scarce. 

 

Nevertheless, there are already some initiatives being implemented by the Nhambita 

Project that include beekeeping, carpentry and livestock promotion. All these activities are 

related to men and do not involve women. Fruit tree production and processing in 

particular could be an opportunity for women in the village, some studies conducted by 

ICRAF in Southern Africa showed that fruit production and processing are mainly 

activities for women and children.  

 

There are gender issues to consider. In rural area is tradition that women do not make 

decisions regarding the use of money, even when it comes from women’s work. This raises 

the question about how women are going to benefit from those activities. It is almost 

impossible to change culture and the rules of the games in the household cannot be 

changed. The initiative is to consider the fact that the household will have a more 

diversified nutritional diet and food alternatives during the low regular field productions 

based on maize, millet and sorghum. Depending on the head of the households behaviour, 

all the family can benefit from money made. 



 

 

59 

8. CONCLUSIONS 

 

1. Several allometric relationships to estimate biomass are available from the 

literature. In this study, four different allometric equations have been used to 

estimate the biomass of fallow fields. The most robust estimate was given by 

finding the average of four of them. Although the allometric equations used are 

quite different, and each was collected using a small sample of trees in a specific 

locality and in different vegetation types, the results do not vary greatly. The 

present technique of taking the average of these as the best estimate has probably 

yielded the most reliable and cost-effective method of estimating biomass in this 

situation.  

 

2. The total amount of biomass accumulated in all 28 fallow fields is 19.6 tbiomass 

ha-1. The accumulation rate was found to be 1.1 tbiomass ha-1 yr-1 which 

corresponds to a carbon accumulation rate of 0.55 tC ha-1 yr-1. This is low 

compared with some other studies. Frequent fires and low soil fertility of the sites 

might have contributed to the slow growth. 

 

3. There is a change in species composition in the regrowth fields compared with 

typical miombo dominated by Brachystegia species, and Julbernardia globiflora. 

However, Acacia nigrescens (mugoe), Lannea schweinfurthii (bzototo) and 

Sclerocarya birrea (mfula) can be considered as early species, while chimanda, 

Vitex sp. (mucubvusetche) and guaquacho are the later, succession species. 

Piliostigma thonningii (mucequesse), Lonchocarpus capassa (pacassa) and Annona 

senegalensis (mulolo) are “ubiquitous” because they occur throughout the 

succession. 

 

4. Agroforestry systems can contribute to increasing short-term carbon sequestration 

because of their carbon storage potential both above and below-ground. Also the 

use of multi-purpose plant species can be useful, as it may involve food crops and 

the system can be socially acceptable. Moreover, agroforestry also improves soil 

fertility through the leguminous trees that are nitrogen fixing trees.  
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APPENDIXES 

Appendix 1: Field data sheet 

 

Country : Mozambique    Province: Sofala        Adm. Post:________________ 

Community: Nhambita   Field owner: _______________ Fallow age: _______ years   

Plot number: _____ Waypoint number _______________________ 

Crew chief ________________ Date __/__/05 

 

Tree 
no Scientific name Local name DBH  Height  Volume Biomass 
     (cm) (m) (m3)   
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Appendix 2: Recorded species list 

 

Local name Botanic name 
 
Family 

Balamadona Sterculia appendiculata  Sterculiaceae 
Bicankhula   
Bubunhanga   
Bzototo Lannea schweinfurthii Anacardiaceae 
Chidzedze Entada abyssinica Mimosaceae 
Chikumbite Zanha africana Sapindaceae 
Chimanda   
Chiriacamba   
Chissio   
Cotanzoo   
Gliricidia   
Guaquacho   
Guhu   
Gunga   
Kataussalu Ozoroa sp. Anacardiaceae 
Khumbantsato   
Kumbanzou Holarrhena pubescens Apocynaceae 
Mangueira   
Massaniqueira   
Mfiti Combretum sp. Combretaceae 
Mfula Sclerocarya birrea Anacardiaceae 
Momba Pterocarpus rotundifolia Fabaceae; Papilionoideae 
Mpingue Dalbergia melanoxylon  Fabaceae; Papilionoideae 
Mucarati   
Mucequesse Piliostigma thonningii Caesalpinaceae 
Muchanbvu   
Mucodone   
Mucombegu   
Muconambira   
Mucula Diospyros kirkii  Ebenaceae 
Mucuvu Vitex doniana Lamiaceae 
Mucuvucuvu   
Mucuvusetche Vitex sp. Lamiaceae 
Mufuma   
Mugoe Acacia nigrescens  Mimosaceae 
Mucodone   
Mulolo Annona senegalensis Annonaceae 

Mulonde Xeroderris stuhlmannii 
Fabaceae; Papilionoideae 
 

Mulumanhama   
Mulungamunhu   
Mumbziru Vangueria infausta Rubiaceae 
Mundjale   
Munhongolo   
Munomolo   
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Appendix 2: Recorded species list (Cont.) 

 

Local name 
 

 
Botanic name 
 

 
Family 

Mussadzi Acacia robusta Mimosaceae 
Mussautsanga Ziziphus abyssinica Rhamnaceae 
Mussimbe   
Mussodze   
Mussorola Albizia harvey Mimosaceae 
Mutchatchane   
Muteme Strychnos innocua Strychnaceae 
Mutimbe   
Mutoe Thespesia garckeana Malvaceae 
Mutunduro Strychnos spinosa Strychnaceae 
Muvunguti Kigelia africana Bignoniaceae 
Nhacabale Combretum/Markhamia?  
Nhagaucau Voacanga africana Apocynaceae 
Nhamperapera   
Nhampulurue   
Nhamudima Diospyros usambarensis Apocynaceae 
Nhamuthomole Dyploryncho condilocarpon Apocynaceae 
Nkomacamba   

Pacassa Lonchocarpus capassa 
Fabaceae; 
Papilionoideae 

Panga panga Millettia stuhlmannii 
Fabaceae; 
Papilionoideae 

Papaeira Carica papaya Caricaceae 
Pfeua Markhamia obtusifolia Bignoniaceae 
Tanga tanga Albizia glaberrima Mimosaceae 
Thadza Grewia monticola Tiliaceae 
Thetha Dombeya shupangae Sterculiaceae 
Thoa   
Tsangalassa   

Total 71 Species 
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Appendix 3: Correlation analysis 

 

Correlation of BA (m2/ha) and tree density = -0.044, P-Value = 0.824 
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Appendix 4: Correlation Analysis 

Correlation of Mean Biomass t/ha and tree density = 0.532, P-Value = 0.004 

 

R2 = 0.2835
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Appendix 5: Regression analysis 
 
 
Regression Analysis: mean biomass (MB) t/ha versus Fallow age  
 
The regression equation is : MBt/ha = 2.11 + 1.10 Fallow age 
 
 
S = 12.0720   R-Sq = 53.9%   R-Sq(adj) = 52.1% 
 
Analysis of Variance 
 
Source                      DF         SS            MS          F          P 
Regression                 1         4427.7     4427.7   30.38    0.000 
Residual Error          26       3789.1      145.7 
Total                         27       8216.8 
 
 
 

������

��	

�	

�
�

����������

�

�

�

�

	

�




�

�

�

�
�� �����
���
� �����
� ��

�������������������
�������

 
 
The mean biomass residuals are approximately normally distributed 
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According to the graphic above, there is homogeneity of the variances. It means that the 
variance of the residuals are not different. 
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Appendix 6. Biomass variation in each surveyed field 
                     (oldgrow data are from Muchove, 2003) 
Fallow age 
(years) 

Biomass 
(t/ha) 

2 0.2 
2 2.1 
3 11.5 
3 3.3 
4 9.0 
5 1.3 
5 3.0 
6 4.4 
6 3.0 
6 8.7 
6 0.3 
9 7.2 
9 9.6 
10 8.0 
13 22.7 
19 61.6 
19 18.0 
19 28.8 
30 20.8 
30 17.3 
30 30.9 
30 26.6 
30 34.1 
30 25.5 
30 22.0 
30 38.3 
30 22.0 
30 31.4 
Oldgrow 136.1388 
Oldgrow 160.4624 
Oldgrow 116.5514 
Oldgrow 135.4225 
Oldgrow 112.2257 
Oldgrow 65.84609 
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Appendix 7: One-way ANOVA: Log mean biomass (MB) t/ha versus Fallow age  
 
 
Source                     DF          SS            MS         F      P 
Fallow age                 9        7.3634     0.8182    8.38  0.000 
Error                        18        1.7582     0.0977 
Total                        27        9.1217 
 
S = 0.3125   R-Sq = 80.72%   R-Sq(adj) = 71.09% 
 
 
                           Individual 95% CIs For Mean Based on 
                           Pooled StDev 
Level   N    Mean   StDev  -----+---------+---------+---------+---- 
 2      2  0.1447  0.2583  (------*-------) 
 3      2  0.8328  0.4405             (-------*-------) 
 4      1  1.0326       *             (----------*----------) 
 5      2  0.3443  0.2115     (-------*------) 
 6      4  0.3928  0.6237        (-----*----) 
 9      2  0.9292  0.0902               (------*-------) 
10      1  0.9564       *            (----------*----------) 
13      1  1.4151       *                    (----------*----------) 
19      3  1.5665  0.2846                           (-----*-----) 
30     10  1.4903  0.1133                            (---*--) 
                           -----+---------+---------+---------+---- 
                              0.00      0.60      1.20      1.80 
 
Pooled StDev = 0.3125 
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