Protecting and restoring forest carbon in tropical Africa

Chapter 5:
X: Agriculture
XXXXx
Chapter
and
forests in tropical Africa
n
KEY
MESSAGES

AIM
ABOUT
OF
THIS
THE
REPORT

XXX

Introduction
The state of agriculture in tropical Africa
n Problems, challenges and future trends
and responses
1n Interventions
XXXXXX
n
n

X

1

Introduction

154

1.1

The extensification challenge

154

1.2

The intensification challenge

154

2

1.3

The current response

155

2

The state of agriculture in tropical Africa

157

CHAPTER

2.1

A brief history of African agriculture

158

2.2

Three types of farming in Africa

159

3

Problems, challenges and future trends

165

3.1

Impacts

165

3.2

Future trends

173

4

Interventions and responses

179

4.1

African agriculture and forest carbon sustainability

179

4.2

Scaling up carbon sequestering agriculture

182

5

Conclusions

189

6

References

190

CHAPTER

1

CHAPTER

3

CHAPTER

4

CHAPTER

5

CHAPTER

6

CHAPTER

7

CHAPTER

8

152

Courtesy of Bernard Pollack/
Nourishing the Planet
Courtesy of Global Witness

Protecting and restoring forest carbon in tropical Africa
Chapter 5: Agriculture and forests in tropical Africa

Chapter 5: Agriculture and
forests in tropical Africa
KEY
MESSAGES

ABOUT
THE
REPORT
CHAPTER

1

CHAPTER

2

CHAPTER

3

CHAPTER

4

CHAPTER

5

CHAPTER

6

CHAPTER

7

CHAPTER

8

153

Chapter summary
Agriculture is the most important economic sector in many tropical
African countries, and the greatest cause of deforestation. It accounts
for about a third of national GDP, on average, and employs two thirds
of the workforce. Most farmers practice subsistence agriculture, meaning
that most of what they produce is consumed in the household, although
commercial farming is prevalent in some areas. Crop yields are low:
while yields for some crops in the rest of the world have more than
doubled in the last 50 years, in sub-Saharan Africa they have hardly
changed. This means that cultivating new land, often at the expense
of forests, is for many the best way to maintain soil fertility and grow
more food.

Philanthropy could have a positive and long-lasting impact by
helping to guide agricultural development down a pathway of
forest carbon sustainability. This chapter identifies two priorities
for donors and funders:

Agriculture is a cause of deforestation in over 80 per cent of cases.
The pressure to convert Africa’s tropical forests to cropland and pasture
in the 21st century will only increase as Africa’s population doubles,
and global demand for food and biofuels grows. Africa desperately
needs agricultural development: to eradicate famine, drive long-term
development, and avoid losing its forests. However, for tropical African
countries to follow the same development path as countries like Brazil
or Indonesia would be disastrous in terms of carbon emissions.

n

Ensuring agricultural development in tropical Africa is sustainable
in forest carbon terms. Agricultural development in Africa has shot
to the top of the development agenda after many years of neglect.
Philanthropic dollars can help ensure that tropical African countries
do not replicate the experience of widespread, commercially driven
deforestation seen in some other tropical forest regions.

n

Scaling up agricultural systems that sequester more carbon.
Farming systems using agroforestry, biochar or conservation agriculture
could increase carbon storage in agricultural lands and play an
important role in mitigating climate change, while improving food
security – if scaled up to reach millions of farmers.
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Agriculture is the primary cause of deforestation in tropical African
countries. Around 3 million hectares of forest is estimated to be lost
across tropical Africa every year,1 and research suggests that the majority
of this is caused, at least in part, by the conversion of forests to cropland
and pasture.2, 3 Agriculture drives deforestation for a number of reasons.
The current African farming model is largely based on practices that
produce low yields per hectare, relative to yields elsewhere in the world.
While cereal yields in the rest of the world have more than doubled in
the past 50 years, in Africa they have hardly changed.4 Africa’s farmers
remain heavily reliant on extensification (expanding total agricultural area)
to increase or maintain production, and expansion often comes at the
expense of forests. Agricultural land is usually much more valuable
than forest, so the economic incentives to convert forests can also
be high. Furthermore, forests often lack effective legal protection,
and are often treated as ‘open access’ resources that can be utilised
by farmers and investors without restriction.
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The pressure to convert Africa’s tropical forests to agricultural land
during the next few decades will be intense. Forests could be squeezed
between two competing priorities: ensuring agricultural productivity
growth keeps pace with rapid human population growth on the
continent, and meeting escalating global demand for food and biofuels.

food looks completely unsustainable in the face of current and expected
population pressures. Between 2010 and 2050 the population of
sub-Saharan Africa is expected to reach 1.8 billion – this means
feeding another 1 billion people by the middle of the century. Many
of the countries with the highest population growth rates in this region
(notably Niger, Burundi, Ethiopia, Somalia, Rwanda and Mali) are
already having trouble feeding their people because of land aridity and
high population densities. Many are on the edges of the African tropical
forest equatorial belt, or are in close proximity to it.
1.2 The intensification challenge
Agricultural intensification (increasing yields through fertilisers,
improved soil management, irrigation) therefore seems to be an urgent
priority for protecting Africa’s tropical forests: without intensification,
feeding Africa’s rapidly growing population will likely come at the cost
of millions of hectares of forest. But intensification brings its own
challenges: intensification often entails commercialisation – farmers
begin to plant more profitable cash crops, and become more
responsive to market signals. The rate at which forests are converted
to cropland is influenced by global market forces: the incentives to
expand agricultural land increase along with commodity prices.

These priorities lead directly to two principal options: finding ways to
improve the productivity of small-scale subsistence farmers in Africa;
and substantially increasing food and biofuel production through largescale commercial agriculture. Both strategies pose very different
challenges for protecting Africa’s tropical forests.

Other tropical forest regions provide a vision of what could happen
in tropical Africa. Cattle ranching and soybean farming in Brazil
and palm oil production in Indonesia have led to millions of hectares
of forest being lost over the past few decades. If this development
pathway were repeated in the Democratic Republic of Congo, for
example, the outcome for forest carbon would be disastrous.

1.1 The extensification challenge
Continued reliance on extensification (bringing new land under
cultivation, rather than increasing yields per hectare) to grow more

The contribution of African agriculture to meeting the escalating global
demand for food and biofuels has been limited thus far. While some
commodities are produced on a large scale (particularly cocoa in West
Africa) the really transformative changes are potential rather than actual.
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The arrival of large-scale palm oil, sugarcane and soya crops, as seen
in other tropical forest countries, would pose a formidable challenge
for Africa’s tropical forests, and for the vast savannah lands that run
alongside forests on the southern side of the equatorial belt, which
store large quantities of carbon in their soils, vegetation, and
woodlands. Yet protagonists in the debate over the future of African
agriculture and related land uses are focused on issues other than
carbon. These arguments centre around three questions:
n H
 ow

much suitable land is available for large-scale food and
biofuel production?

n I f

expansion is driven by foreign investment and land ownership,
what will be the implications for the tenure, ownership and
equity rights of the peoples living on that land?

n W
 hat

environmental and social impacts would result from
the application of intensive approaches, including GM crops
and fertilisers?

All three questions are inter-connected, and bitterly disputed. For
example, a string of reports from the World Bank, FAO and the OECD
argue that there is plenty of marginal (unused) land for agricultural
expansion across the savannahs of Africa.5, 6 The application of modern
intensive production techniques and practices will produce sharply
increased yields, leading to revenue generating exports of foodstuffs
and biofuels as well as meeting domestic demand. Many rightsbased and environmental groups oppose this view, maintaining that
land availability is grossly overstated, because most of it is already
occupied and farmed by smallholders. Large-scale agriculture will
lead to a ‘land-grab’ that will strip African peoples of their land rights
and poison soils and ecosystems with GM crops and fertilisers.
It might be assumed that carbon considerations would be central to
the debate over environmental impacts, but they appear not to be.
Instead, arguments over the contamination impacts of GM crops and
fertilisers hold sway. Our research found that little attention has so far

been paid to the emissions consequences of the expansion of largescale intensive agriculture in tropical Africa, either in relation to forests
themselves or in the savannah lands where food and biofuel production
is likely to be sited (for example, in Angola). The need for a concerted
research effort to probe the impacts and options is one of the major
recommendations of this chapter.
The need for carbon scrutiny is particularly urgent on the issue of
marginal land. Some assessments appear to include forests and
woodlands within the definition. The difficulties are further exacerbated
by the tendency of specialists to argue a case solely from the viewpoint
of their discipline: land deemed ‘marginal’ by an agronomist may
well be a high priority species and carbon conservation area for an
ecologist. More dispassionate and holistic analyses are needed, which
factor carbon, biodiversity and ecosystem resilience into the equation,
alongside food, biofuels, GM crops, fertilisers, land ownership and
other rights issues.
1.3 The current response
International institutions, African governments, the commercial
agriculture sector and NGOs are responding to the extensification and
intensification challenges in a number of ways. Improving agricultural
productivity is at the top of the mainstream development agenda, as
donors and practitioners search for ways of implementing an African
version of the ‘Green Revolution’ which successfully increased yields in
Latin America and Asia in the last three decades of the 20th century. In
general, those in this camp are principally focused on the intensification
of small-holder agriculture. Others are promoting large-scale intensive
food and biofuel production, particularly large agribusinesses, and
some international institutions and African governments.
This chapter identifies two priorities for philanthropic action.i
i This chapter focuses on the impact of agriculture on forests, and opportunities for mitigating carbon
emissions resulting from forest conversion. It does not look at how to reduce non-carbon emissions from
agriculture, methane (CH4) and nitrous oxide (N2O), of which agriculture attributes almost two thirds
globally. For an overview on non-carbon emissions and related mitigation strategies, see Global Mitigation
of Non-CO2 Greenhouse Gases.7 Other reports have provided a good overview of opportunities to mitigate
these emissions from agriculture, and on the equally important issue of soil carbon conservation. See, for
example, Farming and Land Use to Cool the Planet.8
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Supporting the intensification of small-scale farmers. Bringing a
Green Revolution to Africa’s small-scale farmers is currently attracting
millions of dollars of funding from governments, development banks
and philanthropic foundations, such as the Bill & Melinda Gates and
Rockefeller foundations. However, the sector is marked by fundamental
disagreements about the most effective and sustainable way to do
this (GM versus organic; small-scale farmers versus large-scale), and
the priority of protecting forest carbon is conspicuously absent from
development strategies/mission statements. Here lies the opportunity
for philanthropists to add value: funding on-the-ground research that
helps cut through the ideology and answers the questions about what
actually works; and funding advocacy efforts to raise the profile of
forests in agricultural development plans.
Protecting forests from agricultural expansion. It is not enough to just
intensify agriculture – this fixes the problem of low yielding agriculture,
but not the fact that converting forests to agricultural land can be
highly profitable. The cost of stopping forest conversion may, in many
cases, be too high for REDD to compete. A mixture of interventions
will be needed to protect forests from agricultural conversion. Central
to these efforts is improving the understanding and recognition of
the value of standing forests to long-term agricultural productivity.
Donors and funders can fund research into ecosystem services that
connect forests to agriculture. They could also fund NGO work or
intergovernmental dialogues around land use planning; support trial
payments for ecosystem-services (PES) schemes around key forests;
and support the development of certification schemes that promote
‘forest-friendly’ foods to consumers in developed countries.
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2. The state of agriculture in tropical Africa

CHAPTER

Forty per cent of tropical Africa’s land area, about 800 million hectares,
is dedicated to agriculture.ii,10 By comparison, forests covered about
500 million hectares in 2005.1 Three quarters of agricultural land in
tropical Africa is defined as pasture, which is used primarily for grazing
livestock, mostly cattle and goats.11 The other quarter is cultivated with
crops: both ‘annual’ crops, which need to be harvested every year
(or sooner), such as maize, rice and cassava; and ‘perennial’ crops
– mostly tree crops like mango, plantain, cashews, coffee, rubber
and palm oil.10

CHAPTER

The agriculture sector is very important in almost all sub-Saharan
African economies. Agriculture accounts for 34 per cent of national
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GDP, on average, and employs 64 per cent of the workforce (see Table
1),4 the vast majority of whom own plots of land less than 2 hectares
in size,12 and grow food largely for household consumption.
Most farmers in Africa are focused on subsistence production, and
dedicate most of their land to growing staple foods for household
consumption. Because of this, Africa’s share of world agricultural
trade has declined for most major exports, despite strong growth
in international agricultural commodity markets over the past few
decades.13 Africa is exporting fewer agricultural commodities today
than it was in the 1970s.14

Table 1: Major agricultural products in four case study countries (order of total value)
Staple crops

Cash crops (exports)

Cameroon
70%
20%
			

Plantains, cassava, tomatoes,
taro (cocoyam), maize

Cocoa, bananas, cotton, rubber, coffee

5

DRC
40%
			

Cassava, plantain, groundnuts,
maize, chillies and peppers

Tobacco, coffee, rubber

CHAPTER

Tanzania
67%
28%
			

Bananas, cassava, maize,
bananas, rice, beans

Coffee, tobacco, wheat, cotton, tea, peas

CHAPTER

Uganda
80%
30%
			

Plantains, cassava, sweet
potato, beans, maize

Coffee, tobacco, tea, sugar, cotton, cocoa

CHAPTER

Sources: FAOSTAT.10; Economist Intelligence Unit;15 CIA, The World Factbook.16
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ii This is taken from the FAO’s FAOSTAT database (http://faostat.fao.org/); to attain figures for ‘tropical
Africa’, database entries for ‘West’, ‘Middle’, ‘East’ and ‘Southern Africa’ were included, minus South
Africa, Lesotho and Swaziland, as all or almost all of the land area of these countries falls below the
Tropic of Cancer.

CHAPTER

4

CHAPTER

6
7
8

Country

Workforce employed
in agriculture

Contribution of
agriculture to GDP
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By most indicators, agricultural development in sub-Saharan
Africa lags far behind the rest of the world, and even the rest of the
developing world. In 2002, 39 per cent of total crop area in South
Asia was irrigated, 29 per cent in East Asia and the Pacific, and only
4 per cent of sub-Saharan Africa.4 Croplands planted with improved
varieties of cereal – for example, species of maize that have been
developed through selective breeding to increase growth rates and
resilience to drought – make up 85 per cent of the total cereal area
in East Asia, 48 per cent in the Middle East and North Africa, and
24 per cent in sub-Saharan Africa.4
Crop yields for staple foods in sub-Saharan Africa are also much lower
than other developing regions. In 1960, crop yields for cereal crops in
sub-Saharan Africa were around 1 tonne per hectare, as they were
all around the world. Over the past 50 years however, cereal yields
in Africa have hardly changed, while yields in the rest of the world
have more than doubled: in East Asia, they have quadrupled.4
The current configuration of African agriculture might give the
impression that farming on the continent has always been carried
out on these lines. In fact agriculture has gone through many cycles,
including a boom in cash crops for export during the colonial era.
2.1 A brief history of African agriculture
Over thousands of years, Africa’s farmers developed a wide range
of methods for cultivating crops under challenging environmental
conditions. Many soil types in tropical Africa, particularly in humid
forest areas, are sandy or highly acidic, very low in nutrients, and
retain moisture poorly. Temperatures are high and luminosity of the
sun intense. Rainfall is highly variable, and in some places droughts
are frequent.17, 18 Rotating crops, planting trees on croplands
(agroforestry), shifting cultivation (often referred to as ‘slash and burn’
or swidden agriculture),19 and using animal manure and household
waste as fertiliser were developed as ways of maintaining or
improving soil fertility and increasing crop yields, as they are today.

Most farmers practised a form of shifting cultivation, moving their
cropland every few years as soil fertility was depleted, although
permanent cultivation was also present.20
During the colonial era, European governments introduced large-scale
plantations, with an emphasis on producing commodities for European
markets: coffee, cacao, palm oil, sugarcane, rubber, cotton and spices
were some of the major crops. African countries became the major
global suppliers of several of these commodities, notably coffee, cocoa
and palm oil. Following independence, the commercial agriculture sector
in many countries collapsed. There are multiple reasons for this: ensuing
civil wars; falling commodity prices on global markets; obstructive state
intervention through land acquisition and collectivisation programmes;
and poor maintenance of infrastructure, which led to declining access
to markets.4, 14 The productivity of commercial agriculture declined,
and exports of many agricultural commodities fell sharply.
In 1973, Africa began importing food to fill the growing gap between
supply and demand created by population growth.14 This was partly
due to poor growth in productivity, but partly also because it was
encouraged by the new development paradigm of the 1970s–1980s:
much development aid was made conditional on countries undergoing
‘structural adjustment’, opening their economies to global market forces,
and encouraging developing economies to specialise in exporting more
valuable commodities (timber, minerals) in order to earn foreign
currency to import food from other countries, rather than improve
domestic food production.14, 21
Some critics of structural adjustment programmes have also argued
that it exposed small-holder African farmers to global markets when
they were in no position to compete with mechanised, large-scale
farming in rich countries supported by state subsidies.22, 23 The idea
that states should retreat from agricultural development and let markets
step in applied to African governments as well as donor governments,
and by the end of the 20th century agriculture and rural development
had fallen off the development agenda for Africa.14, 21
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During the same period, other developing regions were enjoying the
fruits of the ‘Green Revolution’. Using a combination of fertilisers,
hybrid seed varieties, irrigation and mechanised farm labour,
agricultural productivity in Asia and Latin America soared. Total food
production kept pace with growing populations and fuelled economic
growth.4, 24 From 1960–2000, cereal yields (output per hectare)
in South Asia had almost trebled; in Africa they had worsened.4, 18
‘While international commodity markets have continued to expand,
Africa’s exports have shrunk over time, and today Africa’s total
volume of exported farm commodities (groundnuts, palm, and
sugar, among others) is actually smaller than it was 30 years ago.’14
Following the publication of an internal World Bank report in 2007,
which was critical of the Bank’s performance on African agriculture
over the past few decades,14, 22 and a dramatic worsening of the
world food crisis in the same year,25 agricultural development appears
to be back at the top of the agenda. There now appears to be a broad
consensus, at least in rhetoric, among many donor governments, the
World Bank and UN, and many NGOs, that investing in agricultural
development, and particularly in small-scale farmers, is the most
effective way to drive economic growth in Africa in the short and
medium term.iii, 4, 5, 24, 26-30
African agriculture has also been put back on the agenda for very
different reasons, as outlined in the introduction: a plethora of media
reports have raised alarms about a ‘scramble for land’, or ‘land grab’
underway in Africa since 2000, driven by foreign governments and
companies in response to rising world food and oil prices.31 These
two emerging elements – the development focus on commercialising
small-scale farmers in Africa, and large-scale foreign investment in
agricultural land in Africa – are two themes of commercialisation
that are likely to heavily influence the shape of African agriculture
in the future.
iii See Diao, X. et al, The Role of Agriculture in Development: Implications for Sub-Saharan Africa
(IFPRI, 2007) for a review of objections to this argument.30

2.2 Three types of farming in Africa
Although most African farmers could be classified
as subsistence farmers, it would be misleading
to apply this generalisation across the whole of
the agricultural sector in the region. Farming
is not homogenous, either in terms of scale
or practice.32 Understanding the differences is
The majority of farmers in tropical
essential as a basis for analysing and comparing Africa are women, especially where
staple foods are concerned.
the different ways in which farming systems
impact forests, and the different challenges they
pose to forest conservation. Below, we profile three types of farming
with relevance to Africa: subsistence farming; small-scale commercial;
and large-scale commercial.iv
These farming types are not rigidly demarcated or mutually exclusive.
Most African farmers are small-scale, and many combine subsistence
with some commercial production. In general terms, the subsistence
and small-scale commercial components are far more dominant than
large-scale commercial.4, 12, 33
2.2.1 Subsistence farming
Subsistence farmers grow crops primarily for household consumption
and only take their produce to market when they have a surplus,
using the income to buy other food and household items, clothes,
fuel, transport, and to pay for school fees. Subsistence farmers
cultivate a small area of land – farms of less than 2 hectares in
size make up 70–90 per cent of all farms in many African countries
– and are usually reliant on family labour.12 The proportion of
agricultural output that a ‘subsistence’ farm takes to market varies
widely: some farmers only sell food when they have a surplus;
other farmers grow cash crops alongside staple foods.12
iv These three categories roughly coincide with those used in a background paper to a World Bank study,
Competitive Commercial Agriculture in Sub-Saharan Africa.12
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Men are often responsible for growing cash crops and sourcing other
off-farm sources of cash income, while women are responsible for
looking after staple crops.14 Subsistence farmers often supplement
their incomes (or subsistence needs) through off-farm activities,
depending on seasonality, success of harvest and other factors:
foraging and hunting in forests for foods and bushmeat; collecting
fuelwood and producing charcoal; or working in rural industries.4
Within subsistence farming, an important distinction can also be
made between shifting and permanent cultivation.

land, along with weeds, pests and diseases;
it helps to improve the structure of the soil for
cultivation; and most importantly, the ash from
burnt vegetation acts as a fertiliser, which
temporarily boosts the crop suitability of the
land.19 Thus, the shifting cultivation can be
seen as a means of utilising the forest as a
farming input, similar to modern inputs like
fertilisers and pesticides.19, 36

2.2.1.1 Shifting cultivation
Shifting cultivation is essentially a response to falls in soil fertility.
After cultivating crops in a particular area for up to several years,
nutrient levels in the soils are depleted, weeds take over and the
farmer moves elsewhere to clear a section of forest, woodland or
scrub and establish a new plot.19 Abandoned fields are left fallow,
allowing natural vegetation to reclaim the land. Trees, bushes and
shrubs can re-establish and return nutrients to the soil. Farmers may
return to the area after up to 20 years, in which time they may have
become ‘secondary forest’, to clear away and start the cycle again.
Some shifting cultivators are semi-nomadic, moving the homestead
as they move around the landscape. Slash and burn is a specific
version of shifting cultivation, in which the farmer clears vegetation
from the land by setting it alight.

2.2.1.2 Permanent cultivation
Permanently growing crops on an area of land is not possible without
increasing labour and farming inputs:37 farmers need to invest in
controlling pests and maintaining soil fertility, whether this is through
techniques such as agroforestry and crop rotation, or using fertilisers
and pesticides. Because of this, only a minority of subsistence farmers
appear to practice permanent cultivation. It is often only possible on
naturally rich soils, like those of the highlands of Uganda, Rwanda or
Burundi, or with the heavy application of animal manure and household
waste for fertilisers.20 Insecure land tenure can also act as a disincentive
for permanent cultivation: the risk of losing land to the state or a
private company can discourage long-term investments in fertility.38

Because shifting cultivation involves the routine clearing or burning
of forest to grow crops, it has often been criticised by governments
and scientists as wasteful, destructive and inherently ‘backward’.34
More recently, some other researchers have suggested that shifting
cultivation is a rational response to the challenging environmental
conditions – infertile and sandy soils prone to erosion and persistent
weeds – that poor farmers in tropical climates, who cannot access
modern farming inputs, must overcome to cultivate crops.19, 35
Burning the forest serves multiple functions for the farmer: it is an
inexpensive (in terms of both labour and capital) means of clearing

The vast majority of farms in tropical
Africa are less than 2 hectares in size.
Courtesy of Dominique Louppe

On the other hand, a move from shifting cultivation to permanent
cultivation might also be encouraged by socio-economic changes.
Increasing population density can reduce the availability of land and
the length of fallow times in shifting cultivation systems, which may
have a negative impact on crop yields,39 although the certainty of the
relationship between fallow time and crop yields is disputed by some
empirical research.35 The introduction of cash crops can also encourage
shifting cultivators to become partly sedentary: for example, following
World War II, subsistence farmers in the forests of West Africa started
growing cacao, coffee, and palm oil as timber roads opened the forest
up and created access to global markets via ports on the coast.39, 40
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Table 2: Area cultivated with major cash crops in top 20 most forested tropical African countries, ascending order (hectares, 2005)
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Forest area
(1,000 ha)

Cocoa

Coffee

Palm oil

Sugar cane

Tea

Tobacco

Democratic Republic of Congo 133,610

18,500

81,872

172,000

40,000

5,351

8,500

Sudan

67,546

-

-

-

72,000

-

-

Angola

59,104

2,200

65,500

23,000

9,500

-

3,500

Zambia

42,452

-

4,000

-

24,000

500

4,500

Tanzania

35,257

6,000

120,000

4,500

23,000

19,000

36,000

Central African Republic

22,755

1,000

6,500

3,700

12,500

-

600

Republic of Congo

22,471

3,300

6,600

7,200

15,000

-

700

Gabon

21,775

1,300

300

4,200

3,700

-

-

Cameroon

21,245

450,000

175,000

58,000

145,000

1,550

3,400

Mozambique

19,262

1,000

-

-

160,000

8,400

29,000

Zimbabwe

17,540

-

4,400

-

36,000

6,100

51,800

Ethiopia

13,000

-

410,000

-

17,475

5,000

4,500

Madagascar

12,838

6,000

115,000

1,800

83,000

470

1,800

Mali

12,572

-

-

-

4,898

90

1,010

Botswana

11,943

-

-

-

-

-

-

Chad

11,921

-

-

-

3,900

-

150

Nigeria

11,089

1,110,000

3,750

3,150,000

6,300

-

19,000

Ivory Coast

10,405

2,372,542

777,400

203,006

25,875

-

20,000

Senegal

8,673

-

-

7,100

7,200

-

-

Namibia

7,661

-

-

-

-

-

-

Source: FAOSTAT, 2009.10 (Excludes South Africa – 9,203,000 hectares of forest).
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This example highlights that permanent cultivation is often a
characteristic of commercial agriculture, and that a move from
shifting cultivation to permanent cultivation is often synonymous
with a shift from subsistence farming to commercial farming. This
is not always the case, however: cash crops may be produced
under a shifting cultivation system, and, as noted above, some
subsistence farmers do have their land permanently cultivated.
2.2.2 Small-scale commercial farming
Small-scale commercial farmers grow and sell staple foods like
cassava, yam, plantain, maize, teff (a staple grain crop in Ethiopia
and Eritrea) and sorghum, mostly for local markets. Only a minority
of small-scale farmers grow cash crops for export to international
markets.10 Agricultural export crops currently account for less than
10 per cent of total production in sub-Saharan Africa.14 Table 2
compares the area cultivated with six major cash crops (cocoa,
coffee, palm oil, sugarcane, tea and tobacco) across the 20 tropical
African countries with the most forest area.
How much land and labour a small-scale farmer dedicates to
growing crops or rearing livestock for subsistence use, and how
much for commercial production, varies widely and depends on a
number of economic, social and institutional factors. These include
market access, market prices, land tenure arrangements, capital,
availability of inputs and hired labour and cultural norms.12, 41, 42
Poor market access and low levels of capital are often identified as major
disincentives for small-scale farmers in Africa to engage in commercial
production.4, 41, 42 Contract farming schemes are a popular means of
overcoming these systemic barriers. Contract farmers, or ‘out-growers’
enter into contracts with companies that agree to supply fertilisers,
improved seeds and other farming inputs, and offer a guaranteed
price, in exchange for a guarantee of supply from the farmer. Contract
farming schemes are a cornerstone of the commercial agricultural
sector in many African countries, particularly for tobacco and cotton.13

There appears to be a broad consensus among donor governments,
many NGOs, and the World Bank and UN, that investing in the
commercialisation of small-scale farmers will be the most effective
strategy for fuelling economic growth in Africa for the medium term.4, 5,
24, 26-30 The World Bank argues that economic growth in the agriculture
sector is at least twice as effective at reducing poverty as growth
outside the agriculture sector.4 Some studies suggest that every $1
of additional farm income leads to further income of up to $1.88
elsewhere in the economy.27
2.2.3 Large-scale commercial farming
Large-scale farms make up only a small part of the agriculture sector in
Africa, and are primarily export-oriented. This is in part because they
can obtain higher returns from cash crops than staple crops.12 Largescale farms also have a competitive advantage over small-scale farms
for many cash crops, particularly in export markets with a preference
for high standards of quality (such as Kenyan flowers exported to
European supermarkets), or when production and processing requires
high levels of capital investment (for example, irrigation for tea in
Tanzania, or curing barns for cured tobacco in Zimbabwe and
Malawi).12 Small-scale farmers retain a competitive advantage in
some other crops, however – particularly with crops that are labour
intensive rather than capital intensive, such as cotton or cashews.12
The contribution of large farms to staple crop production is minimal.
Although large farms sell larger shares of their output they are still
not major providers of total marketed surplus. There are exceptions: in
Kenya, Mozambique and Zambia, large-scale farms produce a large
share of marketed cereals;43 and in Zimbabwe, tobacco is grown on
plantations of 40 hectares or more (compared to an average of only 0.2
hectares in Malawi, 2.6 hectares in Brazil, and 4.2 hectares in the US).44
In much of Africa, however, ‘large’ farms rarely exceed 10 hectares.43
Apart from size, they can also be differentiated from small-scale farms
by the fact that they rely almost entirely on hired labour, rather than
family labour.12

Protecting and restoring forest carbon in tropical Africa
Chapter 5: Agriculture and forests in tropical Africa

KEY
MESSAGES

ABOUT
THE
REPORT
CHAPTER

1

CHAPTER

2

CHAPTER

3

CHAPTER

4

CHAPTER

5

CHAPTER

6

CHAPTER

7

CHAPTER

8

163

The intensified, commercial production of staple crops has been
successful in some countries. Nigeria recently overtook Brazil to
become the world’s biggest producer of cassava, although it is yet
to capture a share of the international market – cassava is primarily
grown for domestic markets, where it is consumed as an important
staple food.43 And bumper maize harvests in Malawi in 2008 and
2009 led to declarations that the Green Revolution had finally found
its way to Africa.45-47
For cash crops, exports from tropical African countries have not been
successful in the past few decades. Despite growing global demand, the
region’s share of global commodity markets has shrunk, and exports are
now lower than in the 1970s.14 There are some exceptions: in East
Africa, Kenya exports tea and flowers to European markets, while
tobacco is a significant crop for Malawi and Zambia;12 in West
Africa, Ghana and Ivory Coast are major global suppliers of coffee
and cocoa beans,12, 48 bringing wealth to small-scale farmers49
and much attendant deforestation. Cotton is a leading crop in
Burkina Faso.14
A more recent trend has seen foreign governments and companies
buying or leasing large areas of land in African countries to grow food
and biofuels to export back to domestic markets.50-62 The media has
framed this phenomenon in terms of neo-colonialism, as a ‘second
scramble for Africa’, like the one that marked the beginning of the
colonial period. Many NGOs and the UN warned that the deals could
severely undermine African states’ attempts to feed their own people,
hamper long-term economic development and in some cases lead
to the loss of important ecosystems, including forests.50, 63-69
2.2.4 Livestock
About 630 million hectares of land in tropical Africa – a third of total
land area, and three quarters of agricultural land – are grasslands
and pasture used for grazing livestock.10 However, unlike in Latin
America, large-scale cattle ranching is a very minor part of the

livestock sector in tropical Africa, and is mostly confined to Southern
African countries (principally Botswana, Namibia and South Africa).70
Most livestock in tropical Africa are reared under nomadic pastoralist
systems in semi-arid regions:71 access to inputs, such as water, is
low,70 and herders spend most of their labour in taking their animals
over long distances in search of water. Similar to shifting cultivation,
we can therefore characterise pastoralism as ‘extensive’.71
Livestock are also an important element of mixed crop and livestock
systems – they are sources of fertiliser, milk and draught power.
Table 3 shows that the greatest increase in livestock ownership in
sub-Saharan Africa has been in pigs and chickens, but this occurs
mostly in and around urban centres.70
Environmental conditions and diseases, such as sleeping sickness,
which is spread by the tsetse fly, heavily restrict the range of livestock in
many parts of sub-Saharan Africa to drier regions: most cattle and goat
herders are found across the Sahel, and in the savannah and open
woodlands of East and Southern Africa, rather than rainforest areas.11

Table 3: Number of Livestock (1000s)
1980/1982

2001/2003

Increase

Cattle

153,733

209,912

36.5%

Sheep

111,143

168,349

51.5%

Goats

123,023

203,524

65.4%

9,060

20,480

126.0%

431,005

755,917

75.4%

Pigs
Chickens

Source: Adapted from Hazell, P., All-Africa Review of Experiences with
Commercial Agriculture: Case Study on Livestock, in Competitive Commercial
Agriculture in Sub-Saharan Africa (CCAA) Study.70
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Cattle in tropical Africa are heavily concentrated in a few pockets in
northern Nigeria, southern Sudan, the highlands of Ethiopia, and
around Lake Victoria in Uganda, Kenya and Tanzania; sheep and
goats are concentrated in several West African countries, large areas
of southern Sudan, and also around Lake Victoria.71 This distribution
may change in the future; it is not impossible that cattle ranchers
could one day be transforming parts of the Congo rainforest into
pasture. Consultations in the DRC reported that livestock herders from
Sudan, Central African Republic and Chad were converting large areas
of forest to pasture in the Bili Uere Hunting Reserve, a 6 million
hectare protected area in northern DRC. Government-run large-scale
programmes to eradicate tsetse flies are prevalent in some regions,
sometimes with disastrous consequences for forests (see next section).
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This section assesses how agriculture affects forest carbon in tropical
Africa. It summarises the available evidence on the relative impacts
of different types of farming activities and crops. We also explore the
complex relationships between agriculture, poverty, wealth and
deforestation. The section ends with a look at the likely impact of
emerging threats to forest carbon from the agriculture sector and the
implications for forest conservation and enhancement in the region.
3.1 Impacts
The backdrop is the current extent of deforestation in sub-Saharan
Africa, which FAO estimates at about 3.1 million hectares of forest lost
per year from 2000 to 2005. There is wide consensus that a large
proportion of deforestation in tropical Africa can be attributed to
agricultural expansion by subsistence farmers – principally to cropland
and pasture for food production, and that conversion is spread across
tropical forests and other non-forest ecosystems, such as savannah and
wetlands. There is also broad agreement that the deforestation rate
could climb by many orders of magnitude if tens of millions of forest
hectares are converted to large-scale food crop and biofuel production
over the coming two or three decades.
But moving from overall data and assumptions toward an allocation of
deforestation-related land areas and emissions to specific agricultural
activities is challenging, and as a consequence there is much less
clarity and consensus at the detail level, for example on the forest
losses that might be driven by particular crops or farming systems.
Many factors come into play, including the role of logging and mining
roads as catalysts of conversion to agriculture, human population
growth and distribution, commodity prices in local and global markets,
and poverty and land tenure; and analysis is constrained by incomplete
data and consequent disputes over the reliability of the evidence base.
We explore these issues in outline form below.

3.1.1 Agriculture is the leading cause of deforestation, but rarely a
cause on its own
Agriculture – whether shifting or permanent, subsistence or commercial,
cropping or livestock – is the single greatest cause of deforestation,
but it rarely acts on its own.2 The chains of causation are difficult to
disentangle: the act of clearing a patch of forest to sow seeds or graze
animals is often preceded by other economic activities which opened
the forest up and made it more suitable for agriculture; on the other
hand, agricultural activity often brings with it other economic activities,
which also have an impact on forests; and certain underlying social,
economic and political conditions facilitate or incentivise forest
conversion for agriculture.
3.1.2 Agriculture is often not at the frontline of deforestation
Farmers are not usually at the frontline of deforestation, cutting down
primary forest to grow their crops: instead, they tend to move in after
other activities have thinned out the forest. In Tanzania, for example,
multiple consultations and research reports provide a broad picture of
a common (though by no means universal) sequence of deforestation
seen throughout the country.72
First, loggers arrive in an undisturbed forest and remove the largest
and most valuable tree species. This is often illegal. With the largest
trees gone, canopy cover is significantly reduced. Second, they are
followed by charcoal makers, who target the remaining medium-sized
and/or less valuable trees. This is also often illegal. At this stage, the
forest is becoming severely degraded and has been reduced to short
trees and scrub. Finally, the remaining vegetation is used as fuelwood
and animal fodder, and then set alight to clear for crops. Thus, the
impact of agriculture is often seen in forests that have already been
degraded by other activities rather than in areas where primary
forest is still in place.
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Clearing forest, especially closed canopy humid forests, can be very
labour intensive; logging and charcoal making can make a patch of
forest more inviting to a farmer by removing the largest trees. Industrial
activities like logging and mining can also encourage farmers to move
into a new area of forest: the prospect of jobs can stimulate migration
and new settlements; and there is some evidence that the extensive
road networks that accompany logging and mining concessions can
also facilitate agricultural expansion by opening up previously remote
and relatively undisturbed areas of forest to settlement and cultivation
(see the Forestry and Mining and Energy Extraction chapters).
However, generalisation of impacts by particular factors can conceal
wide variation. For example, some researchers have observed a robust
pattern in which industrial logging concessions pave the way for
agricultural expansion;73 others have observed that, on the contrary,
under certain conditions, logging concessions can have the effect of
buffering against agricultural expansion,74, 75 and some surveys across
case studies of deforestation have found road building to play a
relatively minor role.2
3.1.3 Agriculture often brings other activities which degrade forests
Just as logging can make way for agriculture, agriculture itself can
pave the way for activities that degrade forests. For example, many
subsistence farmers supplement their incomes through charcoal
making or the collection of fuelwood for personal use (see the
Woodfuels chapter).72, 76 Some commercial farmers also consume
vast quantities of woodfuels when processing crops. Drying tea and
curing tobacco is usually done with woodfuels, sometimes with a
considerable impact on forests, especially in the case of the latter:77
it has been estimated that woodfuel harvest for curing tobacco is
a cause of 20 per cent of total deforestation in Malawi.78

3.1.4 Agricultural expansion is influenced by a number of social,
political and economic conditions
The literature on deforestation identifies several social, political and
economic drivers that can facilitate (or impede) agricultural expansion
into forests and other areas. Some of the major factors are covered in
brief form below. This overview is by no means exhaustive: for a more
complete and in-depth discussion of the underlying causes of tropical
deforestation, see the seminal papers by Geist and Lambin.2, 79
3.1.4.1 Demographics: population growth and urbanisation
The role of population growth in deforestation is unclear. Some argue
that, in cases when agriculture is reliant on extensification, there is a
close relationship between population growth and deforestation.11, 12
But other research suggests that population is not the primary cause.2, 80
The effect of urbanisation is also ambiguous. There is some evidence
that urbanisation may reduce population densities in rural areas, leaving
cropland and pasture for the forest to reclaim, and reducing the rate
of forest clearance.81 However, in Africa, rapid urbanisation in recent
years roughly correlates with a growing consumption of charcoal,
the fuel of choice of the urban poor.72, 82, 83 Charcoal is a booming
industry, encouraging a shift to non-farm employment in rural areas that
is having a significant impact on some forests in Africa.72, 82, 84 Some
studies argue that the shift to charcoal being witnessed in sub-Saharan
Africa, driven by rapid urbanisation, constitutes one of the greatest
threats to forests in the 21st century.76, 85-87 The evidence gathered
from FPAN consultations in the DRC, Uganda and Tanzania supports
this perspective, and is explored further in the Woodfuels chapter.
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3.1.4.2 Poverty/wealth
The influence of poverty/wealth on agricultural expansion is highly
ambiguous: both can drive agricultural expansion into forests, but for
different reasons.2, 36 Agriculture-led deforestation in Africa is often
characterised in terms of poverty: farmers cannot afford to invest in
their land to substantially improve crop yields, so they must cultivate
more land to increase production. For shifting cultivators, the challenge
is maintaining a baseline of soil fertility, and the solution is moving
to a new area of forest.12, 36
At first glance this seems to imply that alleviating poverty will reduce
deforestation: give farmers access to credit, fertilisers and markets
and they will no longer need to clear forests to find fertile land.
However, increased productivity creates wealth that can then drive
deforestation even faster: the more profitable agriculture becomes,
the greater the incentive to convert more forest to agriculture.41, 88
The commercialisation of agriculture is widely seen as fundamental
to economic growth in sub-Saharan Africa,4, 27 but commercialisation,
especially involving the introduction of cash crops, can introduce
new drivers of deforestation.88 Agricultural development could therefore
be a double-edged sword from a forest carbon perspective: if not done
wisely, agricultural development could decouple agricultural expansion
from population growth, only for it to be coupled instead with global
market growth.
3.1.4.3 Infrastructure: roads, communications and finance
This is related to the previous point on poverty/wealth. Poor rural
infrastructure is often identified as one of the reasons why Africa has
never had its Green Revolution. Many sub-Saharan African countries
suffer from inadequate transport links (roads, railways and ports), poor
access to communication services (telephone and internet coverage),
and unreliable energy supply. These conditions have severely limited
farmers’ access to farming inputs (such as fertilisers, irrigation and
improved crop varieties), information and training services,
processing and storage facilities, and finally, markets.

Poor rural infrastructure has therefore played a role in keeping Africa’s
agriculture extensive. The amount of land under agriculture has roughly
doubled in the last 50 years.4 This appears to argue in favour of the
positive effect that roads and improved access to markets can have
on reducing deforestation rates, insofar as they are necessary for
agricultural development. However, as noted earlier, infrastructure
such as roads and other transport links that improve market access
can also have a directly negative impact on forests.
3.1.4.4 Policy: land tenure and agricultural trade
Government policy and legislation can have a strong impact on how
people value and use land. In Africa, 90 per cent of all land is formally
claimed as state land,89 yet in some countries (such as Tanzania) a
large proportion of the land is also classified as ‘public’ land, with no
formal legal owner.90, 91 Individual or communal ownership over land
is often only customary rather than codified in law.89 Many farmers
in Africa therefore lack secure ownership over their land – it could be
acquired at the government’s request, for an infrastructure development
or commercial agriculture project, without compensation. Under these
conditions, the incentives for poor farmers to invest in the long-term
fertility of their land, rather than expand their cropland – in other
words, the incentives for intensification, rather than extensification
– are very low.88, 89
Many therefore argue that improving land tenure security will be
essential to mitigating the impact of agriculture in developing countries
on climate change, including its role in deforestation.v, 4, 24, 88, 89, 97, 98
However, there are some conditions under which improving land
tenure security for farmers can increase deforestation,99 including
regimes where farmers can clear forests to obtain property rights.80 In
terms of trade policy, policies that seek to improve the terms of trade
for agriculture, such as trade liberalisation, reductions in export taxes
and price subsidies, tend to increase the prices received by farmers
and thereby increase deforestation.2, 80
v Improving land tenure security is also promoted by organisations working with indigenous
forest peoples, as both a matter of defending rights and reducing deforestation.92-96
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3.1.5 Subsistence farming and deforestation
Surveys of deforestation across Africa have found that subsistence
farmers were a cause of deforestation in between half and three
quarters of cases.2, 3, 100 Why does subsistence farming cause
deforestation? Here we enter extraordinarily difficult terrain. Some
research suggests that there are two important drivers: the current
reliance on extensification (increasing agricultural land area) to
increase productivity; and high levels of population growth in subSaharan Africa.12 Because subsistence farmers primarily grow staple
crops, mostly for household consumption and local markets, farming
outputs track population growth, and growing demand is currently
met by bringing more land under agriculture, sometimes at the
expense of forests.
These factors are disputed by other research, for example the work
of Geist and Lambin on the causal linkage between subsistence
farming and population growth.2, 80 With regard to the impacts of
extensification, more than half a century of research and argument has
yet to reach resolution (see Box 1). The core of the difficulty is around

the length of rotational cycles in shifting cultivation
practices. If farmers return to previously cultivated
land that has been left fallow too soon, then
secondary forest growth will be limited and lower
soil fertility will reduce yields per hectare. If a
longer fallow periodvi is allowed, forest re-growth
will be closer to ‘renewability’ and better soil
fertility will increase yields.

Miombo woodland, in eastern Tanzania,
cleared and burnt for cultivation.

of Steve Ball/Mpingo Conservation
Greater population density will in theory shorten Courtesy
and Development Initiative (MCDI)
the fallow period, as a function of the need to grow
more food and greater competition for land. A further consequence
of greater population density is the likelihood that the freedom of
subsistence farmers to live semi-nomadic lives will be curtailed,
leading to more farmers choosing to become sedentary and adopt
permanent cultivation practices.

vi Data on fallow periods across large areas of Africa is limited, often drawing on very site-specific
research projects. For example, shifting cultivators studied in one survey in Cameroon left their land
fallow for 23 years on average before returning.101 Using research results of this type as baseline
data for modelling purposes is clearly fraught with difficulty.
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Box 1: Slash and burn – ‘backward’ and wasteful, or ‘rational’ and sustainable?
Perspectives on the impacts of shifting cultivation (especially slash
and burn) on forests have undergone a shift in the past half-century.
A 1957 article in Unasylva (an FAO journal) portrayed the practice
of shifting cultivation as ‘backward’ and inherently unsustainable:
‘Shifting cultivation is not only a backward type of agricultural
practice. It is also a backward stage of culture in general. In all
respects it corresponds to the Neolithic period through which
humanity passed between the years 13,000 and 3,000 B.C.’34
A 1996 report by the CGIAR, the leading global agricultural
research network, declared that slash and burn farmers
could destroy half of the world’s remaining tropical forests.102

Research perspectives since then have been more divided. Some
research suggests that most shifting cultivators have a preference
for clearing secondary forest, largely confining their impact outside
primary forest areas,101 but others have argued that they have a
preference for primary over secondary forest.19
While consensus on the nature of the impact of slash and burn
on tropical forests remains elusive, authors do appear to broadly
agree that very high levels of population growth and competition
for land is rendering slash and burn unsustainable.35
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Some research has tried to quantify the maximum threshold of people
per square kilometre that shifting cultivation can support before
becoming ‘unsustainable’: these are highly varied, ranging from 56
people per square kilometre in one study to 123 in another.39 But the
threshold is likely to vary significantly from place to place, depending
on a broad range of factors, including forest types, crops planted,
farming techniques, and availability of off-farm employment.
Which is more damaging to forests, shifting or permanent cultivation?
Here, the available statistics send conflicting messages.2, 3, 35, 100, 103
The FAO’s guidance on this topic is self-contradictory. The Forest
Resources Assessment 1990 found that only 16 per cent of the
change in forest area in Africa between 1980 and 1990 was
accounted for by the establishment of permanent croplands.104
Ten years later, the Forest Resources Assessment 2000 gave a
completely opposite picture: it estimated that small-scale permanent
agriculture replaced forests in roughly three quarters (72.3 per cent)
of deforestation cases in Africa between 1988 and 1997.3, 100 It is
highly unlikely that this could be accounted for by revolutionary
changes to farming practices throughout Africa during the period.
It would be easy for donors and funders to dismiss these disputes as
merely arcane research matters, but unfortunately the issues at stake
are of critical importance. Misinterpretation of data could lead to
agricultural investment funnelling in to farming practices that are
more destructive of forests than other options.
3.1.6 Commercial agriculture and deforestation
Research suggests that commercially-oriented agriculture in tropical
Africa causes less deforestation (21 per cent) than subsistence
agriculture (50 per cent).2 This partly reflects the current relatively
undeveloped state of commercial agriculture on the continent. But
where commercial farming has been established on large scales, the
impact on forests has been substantial, as shown in the overviews
below on six commodities.

These satellite images, taken in 1986
and 2003, show the effects of a settlement
programme near the Beki Forest Reserve
in eastern Ivory Coast. UNEP reports that
migrants were allowed to utilise land within
the Reserve, but without any limits set,
almost the entire area has been cultivated
with coffee and cocoa. Beki Forest Reserve
is now almost indistinguishable from the
surrounding land.
Courtesy of UNEP
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3.1.6.1 Cocoa
Roughly 70 per cent of world cocoa production comes from just five
countries in West and Central Africa: Ivory Coast and Ghana produce
the lion’s share, with Cameroon, Nigeria and Liberia also major
exporters.48 Cocoa farms cover between 5 and 6 million hectares of
once-forested land across these five countries.48 Ninety per cent are
small-scale farms owned by families. The price of cocoa on commodity
markets appears to have weathered the financial storm of the late
2000s, and has brought growing wealth to many West African
communities and driven an ongoing conversion of forests.49
3.1.6.2 Coffee
The global coffee industry is worth about $60 billion per annum,
making it the second most valuable traded commodity after
petroleum.105 Latin American countries dominate global coffee
production, but it is a very important commodity for many African
countries. Ivory Coast had the third largest area planted with coffee
in the world in 2002 (829,000 hectares), Uganda the eighth largest
(301,000 hectares). Coffee is the leading export commodity (by value)
for Ethiopia, Madagascar, Rwanda, Tanzania and Uganda, and among
the top three exports for Angola, Ivory Coast, Equatorial Guinea,
Kenya, Republic of Congo and Sierra Leone.105
3.1.6.3 Palm oil
Palm oil has traditionally been grown by farmers in West Africa in
small-scale agroforestry systems – in other words, the trees were
planted amongst annually harvested food crops. It was grown for
subsistence use and for trade, primarily as a cooking oil.105 In the
early 1960s, international trade of palm had grown substantially,
and Nigeria had 74 per cent of the world’s plantations.105 Since
then, global production has shifted to Indonesia and Malaysia, but
Nigeria still accounted for just over 30 per cent of plantation area
in 2000.105 However, while only 8.3 per cent of palm oil produced
in Malaysia in 1999 was consumed domestically, 100 per cent of
production in Nigeria went to domestic markets.105

The next few years could see a shift to the
monoculture palm plantation model used in
Indonesia and Malaysia. Major projects in the
pipeline that have been reported include a deal
for 2.8 million hectares between the DRC and a
government-owned Chinese company,50, 62 and
Malaysian company Sime Darby signing a 63year lease for 220,000 hectares in Liberia.106

Fields of tea in Kenyan foothills.

Courtesy of Dominique Louppe
3.1.6.4 Sugarcane
The biggest producers of sugarcane in tropical Africa are in East and
Southern Africa – Sudan, Kenya, Zimbabwe, Tanzania, Madagascar,
Zambia and Malawi – although it is also an important crop in several
Central and West African countries.10 At the global level, ‘it is quite
likely that the production of sugarcane has caused a greater loss of
biodiversity on the planet than any other single agricultural crop.’105
Sugarcane requires intense sunlight and high levels of rainfall (over
1,500 millimetres a year), or good access to water, so it has had a
large impact on tropical ecosystems, particularly wetlands, river deltas
and rainforests.105 The contribution of tropical African countries to
global sugarcane production is relatively small. However, because
sugarcane grows well in areas with high biodiversity and large
carbon stocks (forests, wetlands) it is a major concern.

In Uganda, the expansion of sugarcane production threatens the
Mabira Forest above Lake Victoria, one of the last remaining blocks of
forest in the country; and sugarcane plantations for biofuels are planned
for the Tana River Delta wetland system on Kenya’s east coast.107, 108
3.1.6.5 Tea
Tea is a major export for Tanzania and Kenya. It is well suited to
acidic soils in mountain regions, where few other crops will grow.12
Unfortunately these regions are also occupied by mountain forests that
are internationally recognised as biodiversity hotspots, with high numbers
of endemic species,109 yet the conversion of forests to tea estates has
occurred for many years.110 These mountains are also the source of
the rivers that feed large cities like Dar es Salaam and Nairobi.110
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3.1.6.6 Small-scale versus large-scale
Small-scale and large-scale commercial farms have very different
profiles, in terms of output markets, source of labour, legal status and
resources available. These differences can affect how agriculture impacts
on forests (see Box 2). Small-scale farms dominate the production
of marketed staple foods, while cash crops are produced by a mix of
both small and large farms.12 Is small-scale or large-scale commercial
agriculture better for forests?
Large-scale agriculture is usually export-oriented and backed by
investment capital. The higher prices achievable on export markets
mean that the incentives to expand agricultural land are greater, and
availability of capital provides the basis for scaling up (eg, purchase
of machinery and hiring of labour) and this can clearly pave the way
for large-scale conversion.41
The commercialisation of small-scale farmers may be more effective at
reducing extensification than the development of large-scale agriculture:
the former is likely to entail intensification of production, while the latter
risks displacing farmers into forests or other ecosystems.12 Several
instances of this happening have been reported in relation to biofuels
and large cash crop developments.50, 68
On the other hand, where large-scale agriculture is dominant, it can
be easier to influence than ‘atomised’ small-scale farming sectors in
which thousands or millions of farmers are each cultivating a couple of
hectares of land.12, 111 Large companies with verifiable supply chains
and visible brand names are easier to influence through government
environmental regulation, or through NGO-type interventions such
as public campaigning and certification schemes, as can be seen in
relation to Greenpeace’s research and policy work around companies
involved in supply chains for Indonesian palm oil and Brazilian soy
and beef,112-114 and Rainforest Alliance’s certification schemes for
tea and coffee.115

3.1.7 Livestock in tropical Africa
The impact of livestock on land carbon in tropical
Africa is concentrated in open woodlands and
grasslands rather than dense rainforests. The type
of cattle ranching seen in the Amazon Basin is
almost non-existent in Africa outside of Southern
Most cattle are reared away from
African countries like Botswana, Namibia and
heavily forested regions in tropical
South Africa.70 In tropical Africa, the majority of African countries, largely due to
the risk of disease.
livestock are reared by nomadic pastoralists in arid ©iStockphoto/Klaas Lingbeek-van Kranen
and semi-arid regions, and many for subsistence
purposes.11 This means that livestock play a much smaller role in
deforestation in tropical Africa than Latin America: one survey of
deforestation case studies found that livestock were a cause of
deforestation in 82 per cent of cases in Latin America, but only
16 per cent in Africa.2
Livestock range in tropical Africa is heavily constrained by environmental
conditions. Disease-carrying insects such as the tsetse fly, prevalent
in areas with high levels of rainfall, restrict cattle and goats largely
to arid and semi-arid regions, such as the Sahel or the savannahs of
East and Southern Africa.11, 70, 71 The land carbon impact of livestock
is therefore felt more in savannah or grasslands and open woodlands
than dense rainforests.
This does not mean that the land carbon impact of livestock is negligible,
however. Grasslands and woodlands can store large amounts of carbon,
much of it in soils. Semi-arid pastures are vulnerable to desertification,
and when large areas are degraded through overgrazing, the total
emissions can be significant. One estimate for the land carbon
emissions from the desertification of grasslands puts the figure at
18–28 tonnes per hectare (including carbon in soils and aboveground
vegetation).71 It is estimated that 240 million hectares of pasture
(40 per cent of total pasture) in Africa is ‘degraded’.10, 71 Globally,
land carbon emissions from livestock-induced degradation of
grasslands could total 100 million tonnes of CO2 every year.71
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The differences between small-scale and large-scale commercial agriculture can influence
how they affect forests. A comparison of tea and tobacco farming in East African countries
provides an interesting case study. Both crops are important exports for several countries
in the region, including Malawi, Mozambique, Kenya, Tanzania and Zimbabwe.10
Tea requires large amounts of water to grow well and thus often needs to be irrigated,
something that small-scale farmers are unable or unwilling to invest in. As a result, tea
is usually grown on large estates using hired labour.
In contrast, tobacco production is normally dominated by small-scale farmers via contract
farming schemes, with the exception of Zimbabwe.44 Under these schemes, farmers
sign contracts with corporate purchasers, in which they guarantee the supply of tobacco
in exchange for an agreed price, which often includes farming inputs such as fertiliser
or pesticides.
Tea and tobacco leaves are both dried before sale. In Africa, woodfuels provide the energy
source for drying. Processing an entire harvest can require very large quantities of woodfuels.
Because tea is largely grown on estates by companies such as Unilever,116 many of them
have their own woodfuel plantations (often fast growing eucalyptus trees),77 but this is not
always the case and as a result forest impacts are significant.12, 117
Tobacco farmers, on the other hand, lack capital, the resources to hire more labour, or
secure land tenure, so the incentives for growing their own woodlots are very poor. In
many cases curing (drying) is carried out using wood from nearby forests.77
Because of this, the tobacco supply chain has a major impact on forests. One study
estimated that woodfuel harvest for tobacco curing was a cause of about 5 per cent
of deforestation in Africa, and 20 per cent in Malawi.78 Numerous studies have tried
to quantify how much wood is required to cure one harvest of tobacco. Studies in
Tanzania have returned a range of figures, from 20–50 cubic metres per tonne of
tobacco.77 Presuming that 1 hectare of miombo woodland in Tanzania has roughly
35 cubic metres of harvestable firewood per hectare,65, 77 this would mean that
roughly 1 hectare of woodland could be cut down to cure 1 tonne of tobacco.

Protecting and restoring forest carbon in tropical Africa
Chapter 5: Agriculture and forests in tropical Africa

3.2 Future trends

KEY
MESSAGES

ABOUT
THE
REPORT
CHAPTER

1

CHAPTER

2

CHAPTER

3

CHAPTER

4

CHAPTER

5

3.2.1 Feeding Africa
Sub-Saharan Africa’s population is rapidly growing and is expected
to double between 2010 and 2050 to reach 1.8 billion. This means
that by the middle of the century, another one billion people will
need to be fed.118 Many of the countries with the highest rates of
growth already have trouble feeding their populations because their
territories are largely arid, or they have very high population density –
these include Niger, Burundi, Ethiopia, Somalia, Rwanda and Mali.16
Predicting how much more food Africa’s farmers will need to produce
to keep pace with a doubling of the population is difficult; predicting
how much more land, and forest, that may be converted to cropland
and pasture is even more so. FAO statistics estimate the total area of
cultivated land in sub-Saharan Africa is about 180 million hectares;
the total area of grazing land is 630 million hectares.vii, 10
Many factors need to be considered: will African countries continue
to import a large proportion of their food? Will diets change to reflect
urbanisation trends, such as higher meat consumption? Will intensive,
sedentary ranching replace extensive pastoralism as the dominant
model of livestock rearing in tropical African countries? Will efforts
to realise a Green Revolution in Africa, and dramatically improve
crop yields, be successful?

8

Answering these questions is the job of another report. What is clear,
however, is that insofar as the demand from growing populations is
met by domestic production, rather than imports, failure to intensify
agricultural production could lead to millions of hectares of forest being
converted. Intensifying the production of food for domestic markets
should therefore be considered one of the top priorities for Africa’s
tropical forests.

173

vii The figure of 180 million hectares is from the FAO’s FAOSTAT (http://faostat.fao.org/), but is not a
figure for the area of land cultivated with staple foods. The database does not allow such
a breakdown. The figure corresponds with the total land area classified as ‘arable land’ which includes
land under perennial crops (harvested at least once a year, like cereals), temporary meadows, market
and kitchen gardens, and temporary fallow (shifting cultivation), plus ‘permanent crops’ (tree crops).
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3.2.2 Feeding (and fuelling) the world
On the other hand, growing populations and levels of consumption
around the world are also exerting an influence within Africa, in the
form of foreign agricultural investments in biofuels and food crops.
Many commentators are pointing to Africa and South America as the
only places in the world that still have large amounts of land available
for agricultural expansion. One report, based on satellite data from the
mid-1990s, concluded that half of the world’s remaining cultivable
land is found in just seven countries, three of them in Africa: Angola,
the Democratic Republic of Congo, Sudan, Argentina, Bolivia, Brazil
and Colombia.6, 119 There are many expectations that Africa will play
an important role in feeding and fuelling the world in the future.5, 120-122
What do these trends mean for Africa’s forests and other carbon-rich
lands? Much hinges on the availability of low carbon and non-wooded
land for agricultural expansion. Multiple reports released in the past
few years have claimed that there are hundreds of millions of hectares
of land available in Africa for agriculture, but the place of forests
and land carbon in these estimates is often unclear (see Box 3).
3.2.2.1 How much land is available for agricultural expansion
in Africa?
The hotly contested debate on the availability of land is probably the
single most important issue for the future of forests and land carbon in
Africa. We summarise the main arguments and contributions below.
Numerous reports have been released in the past few years in response
to the food crisis and growing concerns that the world was struggling to
feed itself. Many of these have come from large multilateral institutions
such as the UN and the World Bank.6, 123 In early 2009, the World
Bank and the FAO reported that there are 400 million hectares of
savannah in Africa with similar conditions for commercial agricultural
development as the cerrado region of Brazil.5 And, also in 2009, a
report from the OECD and FAO estimated that there is approximately
1.5 billion hectares of land available for cultivation around the world,
with most of it in Africa and Latin America.6
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These reports have been accompanied by announcements that
Africa has plenty of land to spare, particularly in the context of foreign
biofuels deals.124 The Biopact website estimated that the 15 countries
who formed the pan-African biofuels association (PANPP – see below)
in 2006 shared ‘an arable land base of 378.8 million hectares, of
which they currently use 42.9 million hectares (slightly more than
11 per cent).’120
On the other side of the debate, NGOs such as GRAIN and Gaia
Foundation argue that these figures are grossly overstated: many
lands classified as available are in fact being utilised within extensive
agricultural systems, such as pastoralism or shifting cultivation, or are
occupied by key forest, grassland and wetland ecosystems.63, 117, 124-126
Is currently forested land considered available for agriculture? Biopact’s120
data is drawn from the FAO Terrastat database, which notes that
‘potential arable land includes land presently used for other purposes
such as grassland, forests, protected areas, buildings and infrastructure
etc. This land is therefore in most cases not available.’127 In this case,
forests therefore appear to be included in the total of available land.
Excluding forests significantly reduces the total sum of available land for
agriculture in Africa.6 A 2001 report by International Institute for Applied
Systems Analysis (IIASA) and the FAO (based on satellite images from
the mid-1990s) found that a significant proportion of Africa’s cultivable
land does lie within forest ecosystems. It estimated that Africa has
approximately 939 million hectares of cultivable land – 132 million
hectares in forest ecosystems, and 185 million hectares that are already
cultivated.19, 119 Excluding forests, this leaves an ‘uncultivated cultivable’
land area of 622 million hectares. It is possible that the 185 million
hectares figure is an underestimate of how much land is actually
cultivated today: the extent of shifting cultivation may not be properly
accounted for, as it is very difficult to monitor via satellite; and
agricultural land area is likely to have expanded since 199639,67 –
the FAO’s database suggests that sub-Saharan Africa’s cultivated land
area increased by about 15 per cent between 1996 and 2007.10

The findings of the IIASA/FAO report suggest that there is substantial
land available for agricultural expansion in Africa, even with forests
protected; but a 2009 report from IIED provides a different perspective.
It notes that population densities in many African countries are projected
to double, or even triple, between 2000 and 2050; the increase could
be much greater (particularly in dry countries like Ethiopia, Mali and
Sudan) if population density is calculated on land area suitable for
cultivation rather than total land area.67 African countries face a huge
challenge in feeding their people in the future. The notion of finding
available land for growing biofuels or food for export markets seems
both perverse and unreal. IIED also argues that even where land is
underused and seems abundant, it is probably under a land claim.67
The African Biodiversity Network argues that 70 per cent of land in
Africa is still communally owned,128 if not legally recognised as such,
and state that ‘there is no free land in any of our countries.’124
What perspective do protagonists on both sides of this debate have
on forest and land carbon? None at all, it would seem. Carbon issues
are conspicuously absent from all of the analyses referenced above.
What, then, is the definition of available land for agriculture,
from a forest and land carbon perspective? A first step would be
to acknowledge the pressing need for carbon factors to be internalised
within decision-making about agricultural development; the land
carbon emissions of any agricultural development strategy need to be
fully accounted for. The notion of national land carbon budgets, which
set limits on annual land carbon emissions, provides the basis for
considering the availability of land for agriculture in any country.129
The availability of land for agriculture can then be determined in
carbon terms by calculating the carbon emissions likely to result
from the conversion of any land to cropland or pasture, and what
this contributes or withdraws from the total land carbon budget.
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The concept of ‘marginal land’ has been central to the emergence of biofuels. Opponents
of biofuel plantations point to the threats that they pose to food security, by displacing
small-scale farmers, and carbon and biodiversity, and as drivers of deforestation and
ecosystem loss.117 In response, biofuel proponents and developers argue that some
biofuel crops (eg, Jatropha) can be grown on marginal land that is unsuitable for food
crops, and of which there is an abundance in Africa.120, 130
But what does ‘marginal land’ actually mean? What does it look like? Does the term include
forests, woodlands, grasslands, wetlands and degraded scrublands? Dictionary definitions
consistently define the term ‘marginal land’ as land which is difficult to cultivate, or is
unproductive. The soils of lowland tropical forest areas are acidic, poor in nutrients and
poor at retaining water: are these considered marginal? Critics respond to the marginal
land argument with multiple points:
n J
 atropha

can indeed grow on marginal lands, but much greater yields can be achieved
in fertile soils; in practice, the economic disincentive to purposefully plant low yielding
crops will be very high.39, 63, 117

n O
 ther

popular biofuels such as palm oil and sugarcane are very well suited for tropical
rainforest areas – a crop suitability map illustrates the direct overlap between the Congo
Basin rainforests and the possible range of oil palm across tropical Africa.131

n M
 arginal

land is a value-laden concept which is not borne out in reality, and the actual
extent of these lands has been overstated – it is a statement made from the perspective
of foreign investors or African governments, who view the use of land for subsistence or
the conservation of forests and other ecosystems as wasteful and backward.12, 117, 124

The concept of marginal land is also problematic from a land carbon perspective. What is
the carbon content of marginal lands? What would happen to them if they were left alone
– would they regenerate to forest or grassland? How much carbon could they sequester if
they were allowed to do this? Or, alternatively, how much carbon could be sequestered if
they were put under carbon-intense agricultural systems, such as agroforestry? These
questions remain largely unanswered.
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3.2.2.2 ‘At risk’ forests, planned food and biofuel expansion, and
‘marginal land’
A major 2009 study modelled which tropical forest areas are most ‘at
risk’ of being cleared for agriculture, by considering their biophysical
suitability for growing crops and taking economic constraints into
account (for example, access to markets). It estimates that 289.9
million hectares of tropical forests in Africa, or 67 per cent of all
forests, are at risk of conversion to agriculture in the long term.132
Conversion of all ‘at risk’ forests would result in 58.2 billion tonnes
of carbon (209.5 billion tonnes of carbon dioxide) being emitted
into the atmosphere – equal to almost five years worth of global
emissions at 2005 levels.133
How might planned food and biofuel expansion impact on tropical
African forests? There are two separate trends identifiable: energy and
agriculture companies investing in large biofuels plantations, of Jatropha,
palm oil, sugarcane, or trees for woodchips, in response to global
oil prices;45, 64, 66, 68, 134, 135 and foreign companies and governments
acquiring land in African countries to grow food mostly for export to
their own countries, in response to rising food prices.25, 50, 53, 55, 63, 67, 69
A 2009 survey of official government data on approved land deals in
five tropical African countries found that almost 2.5 million hectares of
land had been allocated to foreign investors in the previous five years
(see Table 4).67 The authors note that these are likely to be conservative
figures, as there is a time lag between negotiations for land and what is
represented in government figures.67 The rising price of oil during that
period appears to have been a strong motivating factor for some foreign
investments. But this is not the only factor. The shrinking amount of
land available for domestic palm oil expansion in Asia appears to be
motivating some South-East Asian companies to search for land in
Africa.106 The survey also found that land allocated to investors across
the five countries was split roughly equally between food and biofuels
production – 1.37 million hectares and 1.11 million hectares,
respectively. There was significant variation between the five
countries: only 2 per cent of investments recorded in Ethiopia
were for biofuels, for example.67

Table 4: Land allocated to foreign investors in five tropical
African countries, 2004 – early 2009
Country

Total land area
Largest land Allocated land as
Total
allocated (ha) allocation (ha) % of total land
investment
			 suitable for rain commitments
			
fed crops
($ millions)

Ethiopia

602,760

150,000

1.39%

78.56

Ghana

452,000

400,000

2.12%

30.00

Madagascar

803,414

452,500

2.29%

79.83

Mali

162,850

100,000

0.60%

291.99

Sudan

471,660

109,200

0.46%

439.60

2,492,684			

919.98

Total

Source: Cotula, L., Vermeulen, S., Leonard, R. & Keeley, J., Land Grab or
Development Opportunity? Agricultural Investment and International Land
Deals in Africa.67

Other major land allocations to foreign governments and companies
in Africa, reported in the media, include:viii
n T
 he

Democratic Republic of Congo – 2.8 million hectares to the
Chinese government for palm oil;62

n R
 epublic

of Congo – a possible allocation of 10 million hectares
to the South African Farmers Union for food production;56, 59

n T
 anzania

– 500,000 hectares requested by Saudi Arabia for
food; and
58

n Z
 ambia

– 2 million hectares requested by the Chinese government
for Jatropha cultivation (biofuels).136

viii The secondary source for these articles is von Braun, J. & Meinzen-Dick, R., “Land Grabbing”
by Foreign Investors in Developing Countries: Risks and Opportunities.50
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Not all large land acquisitions have been from foreign countries:
individuals and national companies are also acquiring large areas
of agricultural land in some countries. The 2009 survey cited above
found that in Ethiopia, domestic investors accounted for the majority
(362,000 hectares) of agricultural projects.67 In Uganda, the government
supported a request from a Ugandan company, the Mehta Group,
to plant sugarcane in 7,000 hectares of the Mabira Forest Reserve
(a third of its total area).137
Many African governments have been highly supportive of largescale agricultural investments, and are the land providers in most
deals with foreign investors.67 Leaders such as Senegal’s President
Abdoulaye Wade have argued that Africa should become the production
house of the world’s biofuels,138 and in 2006, 15 sub-Saharan states
joined the Pan-African Non-Petroleum Producers Association (Pays
Africains Non-Producteurs de Pétrole – PANPP), dubbed the ‘Green
OPEC’, which aims to promote greater investment in biofuels
production in Africa.120 Brazil, which is a major producer and
consumer of biofuels, has been involved in promoting biofuels
production in Africa, including establishing an African base for
its agricultural research agency, EMBRAPA.139, 140
Investors, and the governments who welcome them, often argue that
these investments will be a good thing for development: that Africa
needs to produce biofuels to reduce transport costs;ix, 138, 141 that
biofuels, especially crops like Jatropha, can be grown on ‘marginal’
land, of which there is an abundance in Africa, so will not compromise
food security (see Box 3); that, ‘marginal’ land aside, African countries
also have large amounts of uncultivated land which investors could
utilise;142 and that foreign investment in agriculture could provide
much needed opportunities for development through rural
employment and infrastructure improvement.50
ix The claim that large biofuel plantations will help reduce petrol prices in African countries has received
some criticism: despite government rhetoric, biofuel developers are apparently already indicating a
preference for exporting their products to more lucrative markets.126 The findings of the 2009 survey cited
above seem to confirm this: while food production was aimed at a mixture of domestic and export markets,
with wide variation between the five countries, export markets strongly dominated biofuel production.67

Public protests have erupted in some countries in response to land
deals. Daewoo Logistics’ well-publicised deal with the Madagascan
government, for 1.3 million hectares of land to grow corn and palm
oil, was dropped, in part due to widespread demonstrations and
opposition from the Malagasy people.54, 143 Mehta Group’s plans
to grow sugarcane in the Mabira Forest Reserve in Uganda were
reportedly cancelled, despite the strong support of President
Museveni, following large public protests in Kampala in April,
and heavy opposition from government ministers.137, 144-146
International and African NGOs and UN officials have also criticised
what they see as wealthy countries improving their own food and
energy security at the expense of African countries, which will
probably be the most vulnerable to food and energy crises, and also
the effects of climate change, in the 21st century.63, 66, 67, 117, 124, 147
What would be the likely land carbon emissions of such large
developments? In Table 5, we have taken two of the largest land deals
listed above and attempted to calculate the carbon emissions they
would produce. These are preliminary estimates and do not take into
account a range of variables (for example, variations in the type and
extent of forest cover) but nevertheless demonstrate that the climate
implications of large food and biofuel projects could be very significant.
The most pressing need (as in the ‘available land’ debate) is for forest
and land carbon factors to be internalised within food and biofuel
projects, yet such assessments are conspicuously absent from news
media, corporate communications, and even NGO reports. Our research
for this chapter came across no similar attempts to calculate the impact
of agriculture developments in tropical forest countries in terms of forest
carbon emissions. Instead, the debate has revolved around economic
growth and globalisation on the one hand, and food security and land
rights on the other; forests, land carbon and climate change have not
featured. This must change in the future.
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Country
Crops
Size (ha)
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tC/ha for land
cover (av)

tC/ha of
crops (av)

Approx tonnes of CO2
emission from total conversion*

ZTE International (China) DRC
Palm oil
2.8m
Degraded tropical
				
moist forest: 113**
					
					

Palm oil: 42.2
(for Cameroon)101
(Does not include
belowground carbon)

714 million

SAFU (South Africa)

Soya: 36.7
Maize: 36.7**
Urban: 0

2.7 billion

Republic Soya, maize, 10m
As above
of Congo poultry, 			
		
dairy cows			
* Assumes conversion ratio of carbon (C) to carbon dioxide (CO2) of 1:3.667.
** See ProForest Annex for data.
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Interventions related to forests and agriculture are grouped under
two priorities. One is about reducing the loss of forest carbon through
agricultural expansion; the other is about increasing carbon stocks
on agricultural land itself.
1)	Ensuring agricultural development in tropical Africa is
sustainable. Agricultural development in Africa is already
receiving billions of dollars of funding from development banks,
governments and private investment. Philanthropic dollars could
help to ensure that this investment in agricultural development
helps to conserve rather than destroy forests.
2)	Scaling up agricultural systems that sequester more carbon.
Farming methods and technologies such as conservation agriculture,
agroforestry and biochar hold the promise of improving farmers’
yields while sequestering more CO2 per hectare. The evidence
base supporting their carbon effectiveness remains small, however,
especially in the environmental conditions of tropical Africa. Donors
and funders could have the greatest impact by supporting projects
to improve the state of knowledge.
4.1 African agriculture and forest carbon sustainability
Improving the productivity of tropical Africa’s hundreds of millions of
small-scale farmers is one of the highest priorities for protecting the
continent’s tropical forests. The key statistics have already been laid
out: sub-Saharan Africa’s population will grow by almost 1 billion
people between 2010 and 2050; cultivated land already covers an
estimated 180 million hectares. Improving productivity, also known
as intensification, would allow farmers to grow more food without
expanding the total area of cropland, and could therefore help avoid
the loss of millions of hectares of forest – as some argue happened
during the Green Revolution.4, 11, 148

African agriculture has shot to the top of
the development agenda in recent years.
Development banks, donor governments and
Farmers with fertilisers.
even philanthropists are investing billions of
of Bernard Pollack/
dollars in kickstarting Africa’s own belated Green Courtesy
Nourishing the Planet
Revolution.149, 150 The Rockefeller Foundation and
the Bill & Melinda Gates Foundation have alone
invested around half a billion dollars in the mission.24 Investing in the
hundreds of millions of small-scale farmers that form the backbone of
tropical Africa’s rural economies is at the centre of many plans.4, 27, 151-153
In this flurry of activity, the forest carbon issue is almost nowhere
to be seen. The imperative of protecting forests, in order to mitigate
climate change and maintain ecosystem services that are important to
agriculture itself, is conspicuously absent from agricultural development
plans. This matters because while agricultural development can help to
protect Africa’s tropical forests, it can also introduce a whole new set
of risks: notably, the expansion of commercial agriculture driven by
demand from large urban and export markets, as has happened
with palm oil in Indonesia and cattle and soy in Brazil.
Philanthropy can help make sure that agricultural development does
not hasten the loss of forests by supporting a number of initiatives:
n r esearch

into the conditions in which intensification works as a
strategy to protect forests, and when it does not work;

n i ntegrating

forest protection into policies affecting land use;

n t rialling

payments for ecosystem services (PES) schemes around
key forests; and

n f orest

certification schemes for agricultural commodities destined
for export markets, such as cocoa, coffee, palm oil and tea.
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4.1.1 Research into the effectiveness of intensification to
protect forests
Agricultural intensification can actually exacerbate deforestation under
certain circumstances. Larger crop yields do not necessarily result in
farmers using less land: improving the productivity of each hectare of
cropland can increase the profitability of each hectare, which in turn
increases the incentive to cultivate more land. Some of the conditions
in which intensification can lead to increased deforestation are:40, 41

ABOUT
THE
REPORT

n w
 hen

CHAPTER

n w
 hen

1

CHAPTER

hired labour is cheap and abundant (in areas where inmigration is high, for example);
the method of intensification reduces labour requirement
(meaning that it takes less time and money to plough, sow or
harvest a field, for example);

2

n w
 hen

commodity prices are high; and

CHAPTER

n w
 hen

access to large markets is good, whether for cities or export.

3

CHAPTER

4

CHAPTER

5

CHAPTER

6

CHAPTER

7

CHAPTER

8

180

include clear and strong provisions to reduce deforestation, and even
restore lost forests in some cases.
Philanthropy is already taking action on this front. The Leverhulme Trust
and the David and Lucile Packard Foundation are funding a project,
Valuing the Arc, to identify and quantify the value of the ecosystem
services provided by the biodiverse forests of the Eastern Arc Mountains
of Tanzania. The services being evaluated in this project include:
hydrology (rainfall and water catchment protection), pollination, carbon
sequestration, timber and non-timber (eg, food, medicines) products,
tourism, and biodiversity. The first two have greatest relevance to
the agriculture sector, but fully accounting for all of the ecosystem
services that forests provide strengthens the case to governments
and businesses for their protection.154

These provide a starting point, but we need to know more, and
philanthropy could help by funding further research. Improving
knowledge of the relationship between intensification and
deforestation rates could help ensure that the investment in
agricultural intensification reduces rather than increases
expansion into forest areas.

Research into forest ecosystem services also provides the basis for
payments for ecosystem services (PES) schemes. In PES schemes
people – in this case, farmers – living around forests are paid to stop
clearing forests for agriculture. Payments often come from companies
and institutions that benefit from the ecosystem services. In order to
be successful, payments have be large enough to compensate farmers
for the income lost from not being able to clear forests, and also fund
the development of new farming methods that allow farmers to avoid
clearing forests.

4.1.2 Valuing forest ecosystem services to agriculture
Forests provide many ecosystem services that are important to
agricultural productivity, such as pollination, soil conservation and
rainfall generation. Clearing forests to grow more food can therefore
be a counterproductive strategy for improving food security in the
long term, as the loss of these services undermines productivity
gains. Conserving forests may also help rural economies adapt to
the effects of climate change. If the value of forests to the agriculture
sector and improving food security were fully recognised, it might be
easier to make the case that agricultural development plans should

One PES scheme is being developed in the Eastern Arc Mountains:
CARE and WWF offices in Tanzania are trialling a scheme to get
companies and utilities that rely on water from the water catchment
in the mountain to pay farmers in the mountains to improve their
management of the land. This includes reducing forest clearing,
planting trees, and building terraces on hillside croplands to reduce
soil runoff into streams. The soil erosion caused by deforestation
in the Eastern Arc Mountains is reducing the quality of the water
downstream, which raises costs for businesses and utilities
hundreds of kilometres away in Dar es Salaam.
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PES schemes face some challenges. Good research helps strengthen
the business case to convince governments and companies to pay to
protect forest ecosystem services, but PES schemes may not be viable
in the long term in cases when there is no identifiable beneficiary, or
not enough beneficiaries, to foot the bill. The emergence of REDD,
which is essentially a form of PES, could help solve this problem as
the provision of carbon sequestration services is of global benefit. At
this stage, however, it may make sense for funders to focus funding
for PES schemes on areas where forests are of high value, in terms
of carbon or biodiversity, or there are easily identifiable beneficiaries.

to address the totality of terrestrial carbon emissions. In practice, this
view means that emissions reductions through, for example, practicing
agroforestry on farmland should be eligible for emissions reduction
credits (which it would not be under a REDD framework).155-157
TerrAfrica is a multilateral initiative that is trying to coordinate
government and donor action on land degradation and desertification
in Africa, which is also an important source of carbon emissions.158

4.1.3 Improving the protection of forests in law and land use policy
Philanthropy is also well placed to play a role in changing policy. The
policies that governments and development agencies adopt in relation
to land use, trade and rural infrastructure will have an enormous
bearing on the relationship between agriculture and forests in the
future. Policies help determine how food is grown, where it is grown,
and what is grown.

The biofuels industry has grown quickly in Tanzania in the last
few years.68, 159 Several NGOs in Tanzania, including WWF, have
been campaigning for the government to improve regulation of
the industry, following concerns that some projects have resulted
in farmers being displaced off customary land, and forests and
wetlands being cleared to make way for crops like sugarcane
and Jatropha. Advocacy work by NGOs apparently helped
influence the government to declare a moratorium on further
allocations of land to biofuels in 2008: WWF proposed a set of
guidelines to control where biofuel plantations could and could
not be established, which they report have been well received
by the government.

Examples of advocacy goals that funders could support are:
n I nvestment

criteria that screen out agriculture projects that are
likely to lead to deforestation: palm oil developments in the Congo
Basin on the scale of those in Indonesia or Malaysia would be
disastrous for forest carbon emissions.

n G
 overnments

in tropical forest countries should be encouraged to
develop land use plans that demarcate forests as no-go areas for
commercial agriculture, and strengthen and expand protected
areas where possible.

Funders can get involved primarily by funding NGOs engaged in policy
work (see Box 4), and supporting intergovernmental dialogues, such
as the African Biocarbon Initiative (ABI) and TerrAfrica. The ABI is a
collaboration between African governments and the World Agroforestry
Centre (ICRAF), which advocates for looking beyond forest carbon

Box 4: Case study: WWF-Tanzania and the Roundtable on
Sustainable Biofuels

National NGOs have also been instrumental in setting up a
Roundtable on Sustainable Biofuels in Tanzania, which involves
government and the biofuels industry, and aims to ensure that
the future development of biofuels in the country does not come
at the cost of biodiversity, tropical forests or people’s access to
fertile land. These sorts of initiatives may have a large influence
on the future of agriculture and forests in African countries.
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4.1.4 Forest certification schemes for agricultural products
North America and Europe are important markets for many of the cash
crops grown in tropical Africa, such as coffee, cocoa, tea, cotton and
palm oil. Growing consumer awareness about deforestation issues
has lead to the emergence of certification schemes for food products.
Certification is meant to guarantee to consumers that the products they
are purchasing have not been implicated in deforestation. Farmers
must meet certain environmental standards, including reducing or
halting forest clearance, in order to become certified producers. In
theory, certification allows farmers to sell their products at a premium,
thereby creating an economic incentive to protect standing forests.
One of the most well-known organisations certifying ‘forest-friendly’
food products is Rainforest Alliance, which currently certifies various
agricultural products, including cocoa, coffee, cut flowers, tea and
fruits (including bananas, mangoes and avocados) from producers
in about 30 tropical forest countries, including 7 in Africa (Cameroon,
Democratic Republic of Congo, Ethiopia, Ghana, Guinea, Ivory Coast
and Kenya).115
The long-term viability of certification schemes relies on the willingness
of consumers to pay more for certified products. This poses a challenge.
Experience has so far found this willingness wanting, even in European
and North American markets; and as economic power shifts from
West to East over the 21st century, where awareness and salience of
deforestation issues among consumers is much lower, the leverage
that can be achieved by certification schemes may diminish.
This highlights the importance of consumer awareness and salience
of deforestation issues to the success of deforestation schemes, as
well as the visibility and availability of certified products. Donors
and funders could therefore consider funding two aspects of
certification schemes:

n o
n

the supply side, expanding on-the-ground work to bring
more farmers and product supply chains within the certification
scheme; and

n o
n

the demand side, public campaigning and marketing to raise
awareness and salience of deforestation, and increasing the
visibility and availability of products in the marketplace.

4.2 Scaling up carbon sequestering agriculture
Various interventions are promoted as means to sequester more
carbon in croplands, both aboveground – in crops and biomass
– and belowground, in soils. Increasing aboveground carbon can
be achieved by introducing perennial crops – crops that are not
harvested every year (eg, tree crops used in agroforestry systems).
Increasing belowground carbon can be effected by increasing soil
organic matter. Interventions such as conservation agriculture and
using biochar are two strategies promoted to do this.
Overall, most (if not all) agricultural interventions were introduced as
solutions to problems other than carbon sequestration or mitigation:
goals have ranged from improvements in soil fertility to diversification
of outputs, increased yields, and biodiversity conservation. Attempts
to modify or otherwise adapt the range of approaches in the climate
context are mostly recent, and as a result there is often a limited
evidence base on effectiveness.
Below we cover three interventions where there is a relationship to
forests and tree cover. Agroforestry has long been practised both as
an agricultural and a forest-based model. Conservation agriculture
(and the related eco-agriculture model) is principally concerned with
soil conservation, but is also often employed alongside agroforestry
and other tree planting approaches. Biochar is principally focused on
sequestering carbon and improving yields on croplands, but as the
source material (charcoal) is closely related to the woodfuels issue
we include some analysis here.
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This is not intended as a comprehensive review of all the means
available for increasing carbon sequestration in agricultural lands:
these three have been chosen because of their wide use and because
of their prominence in the public realm (in the case of biochar). Many
other opportunities exist, such as farming with perennial crops (crops
that are not harvested every year, or multiple times a year, such as
trees and certain grass species, retain carbon for longer periods), and
restoring degraded and desertified lands. For two excellent overviews
of the different ways of sequestering carbon on agricultural lands,
see Mitigating Climate Change Through Food and Land Use, from
Ecoagriculture Partners,9 and the reports from the International
Assessment of Agricultural Knowledge, Science and Technology
for Development (IAASTD).160
4.2.1 Agroforestry
Agroforestry is a technique for improving the resilience and productivity
of farmland by planting tree species among crops and livestock pasture
(see Box 5). Planting trees on farmland can benefit agricultural
productivity in many ways: ‘products (fruits, nuts, medicines, fuel,
timber, and so on), farm production benefits (such as nitrogen fixation
for crop fertility, wind protection for crops or animals, and fodder for
animals), and ecosystem services (habitat for wild pollinators of crops,
for example, or micro-climate improvement).’161 Certain combinations
of tree species and crops have been found to improve crop yields,
at a much lower cost to farmers than inputs such as fertilisers and
pesticides. Because of this, agroforestry is often promoted as a
strategy to boost agricultural productivity, improve incomes and
adapt to climate change.
Agroforestry has been developed by farmers as a way of improving
environmental conditions for growing crops, and increasing and
diversifying food production – a single plot can produce maize and
mangoes, for example. Farmers in Africa have used agroforestry for
centuries. Up until it became a global commodity in the 1960s and

production shifted to huge plantations in South-East Asia, the
majority of the world’s oil palm was grown by Nigerian farmers
among their food crops.105
Box 5: Forest or farm?
The line between forests and farmland is often blurred, especially
in tropical African countries. Farmers have used trees on farms,
now called agroforestry, for thousands of years for a variety of
reasons: to increase shade and stop soils drying out or washing
away; to provide fertiliser for crops and fodder for animals; and
to grow woodfuels and fruit, either for household consumption
or trading. Today the term agroforestry can be used to refer to
many different models of using trees on agricultural land.
Analog forestry and eco-agriculture emphasise using trees to
replicate the dynamics of natural environments, to create farmlands
that are beneficial to biodiversity while improving productivity for
farmers. These systems can be highly complex, and incorporate
many different types of trees, crops and even animals in
combinations that are designed to complement each other.162-164
Agroforestry is, however, most commonly used to refer to
simpler systems integrating trees with crops or animals, such as
maize or cattle with acacia trees, or cassava with guava trees.
Another example is ‘shade grown’ cocoa, in which farmers leave
large forest trees standing and grow cocoa beneath the canopy.
Agroforestry can increase a farm’s productivity, and diversify
incomes for small-scale farmers.
Monoculture plantations are often very large areas planted with
a single species of tree to produce agricultural commodities such
as fruits, biofuels and rubber. The term agroforestry is sometimes
used to refer to such plantations.
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Agroforestry has attracted attention in recent years as a means of
increasing carbon sequestration on croplands: trees are perennial
crops, and thus can significantly increase the amount of aboveground
carbon stored per hectare (see Box 6). Agroforestry can also increase
belowground carbon storage. How much carbon is sequestered in
agroforestry systems varies widely. ProForest’s survey of primary
research on land carbon stocks across different land uses found an
average figure for carbon sequestration per hectare for agroforestry of
95tC per hectare (see the ProForest annex). This is well over double
the carbon sequestration for croplands (35.7tC per hectare). These
figures are well supported by data from ICRAF (World Agroforestry
Centre),165 and the IPCC.166 The IPCC estimated in 2000 that
converting 30 per cent of unproductive cropland and grasslands
in developing countries by 2040 could sequester 586 million
tonnes of carbon per year.166
As well as storing substantial amounts of carbon compared to
croplands, agroforestry systems can also improve farmers incomes,
which improves the feasibility of wide-scale adoption.166, 167 Agroforestry
appears to be a proven strategy for increasing carbon sequestration on
croplands. How much carbon it can sequester depends on a variety
of factors, such as which species are used, environmental conditions,
and the number of trees planted.

Box 6: Case study: Ngitili
In Shinyanga, a semi-arid region in northern Tanzania, a customary
system of pastureland agroforestry, called ngitili, is gaining much
interest as a potential strategy to increase carbon sequestration on
agricultural lands, while making degraded and desertified land
suitable for agricultural use once again. Ngitili was developed by the
Sukuma, an ‘agropastoralist’ people of Shinyanga (meaning they
have traditionally practiced a combination of livestock herding and
crop cultivation), as a way of providing fodder for livestock in the
dry season. It involves planting trees and fencing off areas of
degraded land, and allowing trees and vegetation to regenerate
after grazing. Ngitili are closed in the wet season for trees,
shrubs and grass to grow, and opened up in the dry season,
when grazing land elsewhere may be in short supply.
Ngitili was formally promoted on a large scale as part of a
government-initiated project beginning in 1986 called HASHI (an
acronym of Hifadhi Ardhi Shinyanga, meaning ‘soil conservation’
in Swahili).168 This time, ngitili was promoted not to improve the
health of livestock, but as a means of improving the fertility of
land: increasing tree and vegetation cover and reducing the loss
of fertile top-soil and desertification. HASHI was launched in
response to deforestation caused by population growth, as well
as the effects of another government project, which aimed to
eradicate the tsetse fly from the region by removing tree cover.168
HASHI appears to have been a success: it won an Equator
Initiative prize from the UNDP for its achievements in 2002,
and it was reported that in 2004, at least 350,000 hectares
of ngitili had been restored or created in Shinyanga.168, 169
A Tanzanian NGO, Tanzania Traditional Energy Development
and Environment Organisation (TaTEDO), has launched a pilot
project to test ngitili as a REDD project, meaning that it makes
verifiable reductions to carbon emissions.170 The project is
being funded by the Norwegian government.
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4.2.2 Conservation agriculture
Conservation agriculture is based on the principle of soil conservation.
It encompasses a set of techniques that aim to reduce soil disturbance,
with the purpose of reducing moisture loss and the decomposition of
organic soil matter. This is believed to create better conditions for
growing crops by encouraging natural nutrient cycles and organisms
living in the soil.171 The main techniques are:172
n r educed

or zero tillage – the farmer does not plough the soil to
prepare it for cropping, but ‘injects’ seeds directly into soils without
digging them up;

n m
 aintaining

permanent soil cover – the farmer leaves crop residues
on top of the soil after harvest as a way of increasing build up of
organic matter and nutrients, protecting soil from wind and water
erosion, and increasing moisture retention of soil; and

n c
 rop

rotation – often with legumes, which naturally fertilise soils
through nitrogen fixation, or combination of crops which have been
found to work symbiotically.

Conservation agriculture has been developed by scientists over the
past thirty years in response to some of the problems associated with
conventional agriculture, such as soil erosion, and heavy reliance on
chemical fertilisers and pesticides.161, 172, 173 Only a small minority of
the world’s total croplands are farmed with conservation agriculture
techniques, but at about 100 million hectares in total161 this is still
a large amount. Much of this is in Latin America, where 40 million
hectares (43 per cent of arable land) are farmed using zero tillage.4
Small-scale farmers have also adopted some aspects in South Asia.4
Tropical African countries where conservation agriculture techniques
are established or being promoted are Ghana, Zambia,173 Malawi,
Kenya and Tanzania.4, 174 The African Conservation Tillage Network174
is a Kenyan-based NGO working with the World Agroforestry Centre
(ICRAF)97 and the intergovernmental Comprehensive Africa Agriculture
Development Programme (CAADP)28 to scale up a combination of

conservation agriculture and agroforestry to
millions of small-scale farmers across East
Africa (see Box 7).
Conservation agriculture is now being promoted
by some organisations as a climate change
mitigation and adaptation strategy. Supporters
argue that it can reduce greenhouse gases
associated with conventional agriculture in
multiple ways: soils are not ploughed, so the
use of machinery on large farms, and associated
fossil fuel emissions, is reduced, and organic
matter is allowed to build up, leading to lower
CO2 emissions/greater sequestration; less
fertiliser is used, so emissions associated with
their production (fossil fuels) and application
(nitrous oxide) are reduced.
Conservation agriculture is widely seen as an
approach that can increase carbon sequestration
in soils.4, 25, 161, 172, 174, 178-182 However, the evidence Conservation agriculture must be
adapted to local needs and practices
in favour of the effectiveness of conservation
if it is going to be taken up on a
agriculture in these respects appears to be
large scale. These photos show the
conservation agriculture equivalent
inconclusive. In essentially all cases where
of the hand-held hoe and the
conservation tillage (ie, the avoidance of tillage) ox-drawn plough.
Courtesy of African Conservation
was found to sequester carbon, soils were only
Tillage Network
sampled to a depth of 30cm or less, even though
crop roots often extend much deeper. In the few
studies where sampling extended deeper than 30cm, conservation
tillage has shown no consistent accrual of soil carbon, instead
showing a difference in the distribution of soil carbon, with higher
concentrations near the surface in conservation tillage and higher
concentrations in deeper layers under conventional tillage (see the
ProForest annex).
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The African Conservation Tillage Network (ACT) is an NGO based in Nairobi, Kenya. ACT
works with governments across Africa, as well as farmers on the ground, to promote the
techniques of conservation agriculture as a way for farmers to conserve water resources,
reduce soil erosion and improve crop yields. Poor farmers are a priority group: many are
heavily reliant on seasonal rains to water their crops, and lack access to fertilisers, so
conservation agriculture can be an important tool. ACT has helped promote conservation
agriculture in Zambia and Malawi, where 300,000 farmers are now using these techniques.
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Following successful trials in Zambia and Malawi, ACT is working with the World Agroforestry
Centre (ICRAF) to scale up a combination of conservation agriculture techniques and agroforestry.
The star of Conservation Agriculture With Trees (CAWT) is the Faidherbia albida tree, a species
of acacia native to many African countries. The unique characteristic that makes this tree so
useful for agroforestry is to do with timing: contrary to most deciduous trees in the tropics,
Faidherbia albida sheds its leaves at the onset of the rainy season, just in time for newly sown
seeds to soak up the nitrogen.66, 175 Research suggests that mature trees could supply up to the
equivalent of 300kg of fertiliser and 250kg of lime.176 Furthermore, as the tree loses leaves
when farmers are planting, and re-grows in the dry season, Faidherbia albida does not
compete with crops for sunlight.147, 175
Trials in Zambia with Faidherbia albida trees in maize fields have delivered on average 4.1
tonnes per hectare, compared with 1.3 tonnes per hectare in maize fields without Faidherbia
albida.176 ACT and ICRAF are aiming to scale up CAWT to reach 2 million farmers across
Africa by 2012, and 10 million by 2020.177
CAWT is also promoted as a carbon intense agricultural system: the Faidherbia albida trees are
expected to add substantially to carbon stocks per hectare, and minimising soil disturbance
through conservation agriculture techniques is believed to increase belowground carbon stocks.
As yet, ACT has not begun research into the carbon impact of the CAWT system.

An ACT Network project site with maize growing
beneath mature Faidherbia albida trees.
Courtesy of African Conservation Tillage Network

Conservation agriculture might still be
a good way to reduce other emissions,
from fertilisers or farming machinery;x
and there appears to be good
evidence for its potential to improve
crop yields and water retention, which
may make it an important climate
change adaptation strategy.171, 173

x It should be noted that in many cases conservation
agriculture techniques are not used to reduce emissions,
but simply to increase crop yields. Fertiliser and
pesticide use may still be high, as may the use of
on-farm machinery. Conservation agriculture may
not therefore be fully ‘environmentally friendly.’183
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4.2.3 Biochar
Biochar is the output from charcoal that is buried in agricultural land,
with the aim of improving crop yields and increasing the sequestration
of carbon in soils. Indigenous peoples in the Amazon Basin have
used charcoal on their croplands for hundreds or thousands of years,
burying it with a mixture of food waste and manure, which over
time forms a black, highly fertile soil called terra preta. Terra preta
soils make a striking contrast with the acidic, red soils of the
surrounding rainforest.
As charcoal is almost entirely carbon (c 90 per cent) and highly
resistant to organic decomposition, biochar has gained much interest
as a strategy to sequester large amounts of carbon in agricultural
soils.180, 184-186 Turning wood, leaves or agricultural residues into
biochar and burying it in agricultural soils takes the carbon that was
sequestered from the atmosphere by plants through photosynthesis
and puts it underground where it could lie dormant for up to
thousands of years.187
At the same time, biochar is believed to have the potential to
significantly increase crop yields: the porous structure of charcoal is
thought to absorb lots of water and provide habitat for soil microbes,
which improves conditions for growing crops.184, 188 Unsurprisingly,
biochar has received enthusiastic backing from agriculturalists and
climate scientists.184, 186
Some organisations are experimenting with alternatives to slash
and burn based on biochar: instead of clearing and burning forest
vegetation to briefly fertilise soils, ‘slash and char’ farming fertilises
soils with biochar made from agricultural residues (eg, stems, leaves)
which are collected after every harvest (see Box 8). One report
estimates that moving all slash and burn farmers onto ‘slash and char’
systems could sequester 200 million tonnes of carbon, which would
offset about 12 per cent of anthropogenic emissions from land use.185

Box 8: Case study: Biochar Fund188
Biochar Fund is a Belgian NGO trialling biochar farming systems,
currently at two sites in south-west Cameroon, and Equateur
Province in the DRC. Biochar Fund’s goals are to increase farmer
productivity, provide cleaner and more efficient energy sources,
reduce deforestation and mitigate climate change, all through
the application of biochar.
The scheme is based on the premise that biochar can provide a
means of maintaining and improving soil fertility, with the result
that poor farmers will be able to stop applying traditional slash
and burn techniques, and instead can become permanent
cultivators. To achieve this goal, farmers will be provided with
equipment and training so they can turn agricultural ‘residues’
(eg, leaves, stems) from their last harvest into biochar, which
can then be put back onto cropland.
Biochar Fund is also planning to use biochar to meet energy
needs in villages. Specially designed stoves can burn biomass
efficiently, reducing the amount of wood needed, and produce
biochar as a by-product, which can then be added to soils.
Larger biochar kilns can capture the fuel by-products of the
pyrolysis process (the process of making charcoal/biochar),
and use them to generate electricity, which can power
lights, equipment, and mobile phones in remote villages.
In late 2009, the Biochar Fund reported positive results for
crop yields from field trials at its Cameroon project, with maize
yields on plots treated with biochar improving substantially.
Biochar Fund has also started testing the effects of biochar
on cocoa trees.
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But doubts have begun to emerge. Some critics have expressed
alarm at plans for the mass production of biochar as a scaled
up carbon sequestration strategy, foreseeing the establishment of
millions of hectares of fast growing tree plantations to produce the
volume of charcoal required. Critics argue that this strategy could
have disastrous consequences for biodiversity and forests, and
could use up valuable cropland.183, 186, 189
These risks are real, as we note in relation to plantations for timber
and woodfuels (see the Forestry and Woodfuels chapters). But they
should not be used as a rationale for dismissing a new approach
that may have great potential as a sequestration tool as well as
increasing yields and providing low input energy.
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Africa’s tropical forests could be squeezed between two competing
forces – extensification and intensification – in the 21st century.
Continuing extensification will lead to conversion of forests to
croplands and pasture to meet escalating demand for food, driven
by high levels of population growth. Intensification at large scales
would mean replacement of forests by food and biofuel crops –
coffee, cocoa, palm oil, sugarcane, tea, tobacco – in response
to demand from growing domestic populations and levels of
consumption outside Africa.
It is clear from these trends that Africa’s agriculture sector must
undergo massive improvements in efficiency and productivity. Without
intensification, feeding another one billion people by the middle of this
century will not be possible without significant additional deforestation.
Every hectare of forest converted is a contribution to loss of forest
ecosystem services and biodiversity, as well as a loss of land carbon
sinks and sequestration capability. But if intensification is applied
wisely, it could reduce the amount of land required to feed Africa’s
growing population, and reduce the pressure of agricultural
expansion on forests.
‘Wise intensification’ might only be possible if financial incentivisation
or subsidy can cover the opportunity cost of foregoing extensive
conversion of forests for palm oil, sugarcane and other agricultural
commodities. Farmers need to be given financial incentives to avoid
expanding into forested areas; governments need to improve the
legal protections for forests, and develop and enforce land use plans
for agricultural development that set aside forests for conservation.
Donors and funders can help by funding PES and REDD projects,
and supporting governments and NGOs to improve the protection
of forests in national laws and policies.

Changing farming practices across Africa’s croplands so as to
minimise forest impacts is an emerging field for donors and funders.
The major constraint is lack of credible data and analysis on the
carbon impacts of the range of options. Supporting research that
aims to fill the many gaps (both in relation to particular crops, and
causes and patterns of agriculture-led deforestation and forest
degradation in specific countries) is the most pressing priority.
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