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The slumbering giant:  
land and water degradation

Dr Andrew Noble 
International Water Management Institute (IWMI)

Abstract

Who feeds the world? Two billion small-scale farmers who 
in addition to feeding themselves also produce surpluses 
for local markets — these are the food producers for a 
global population. Domestic markets along with the food 
consumed by the producers’ families constitute more 
than 70% of the world’s food consumption and are often 
overlooked in the food security debate. The importance 
of these producers to overall global food security is not 
in dispute, but can these farming systems continue to 
perform at current or improved levels, considering the 
influence of human-induced land and water degradation 

and associated effects on ecosystem services? Soil erosion, 
depletion of nutrients and soil organic matter, salinisation and surface and 
groundwater pollution are challenges that have confronted agricultural and 
urban communities for decades, and still do. Land degradation associated 
with inappropriate and unsustainable land use practices is estimated to 
affect 5–10 Mha annually; 34 Mha of global irrigated areas is affected by 
salinisation; it is estimated that 25% of global freshwater storage capacity 
will be lost in the next 25–50 years unless measures are taken to control 
sedimentation in reservoirs; approximately 2 Mt of waste is dumped into 
rivers, lakes and wetlands each day; and it is estimated that there are now 
12,000 km3 of polluted water on the planet, a volume greater than the 
contents of the world’s ten biggest river basins. This litany of land and 
water degradation issues represents a diminished ability of ecosystems or 
landscapes to support functions and services required to sustain livelihoods. 
Small-scale farmers, the engine of global food supply, are the mainstay of 
most developing country rural economies and often occupy marginal and 
vulnerable lands. It makes sound economic sense to address this ‘slumbering 
giant’ of degradation through increased conservation investments in land 
and water resources within this sector. Whilst technologies, technology 
packages and management practices have been developed that demonstrate 
the practicalities of addressing these resource degradation issues, adoption 
at scale has been disappointing. Government institutions and development 
and research organisations are tasked with sustainably securing future 
food supplies. Their central challenge is to develop greater insights into 
constraints inhibiting adoption of productivity-enhancing and conserving 
interventions, and to identify the driving factors and relevant levers to 
address these constraints. Time may not be on our side in addressing land 
and water degradation, central to one of the nine thresholds that define ‘a 
safe operating space for humanity’.
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In this year, the Australian Year of the Farmer, we celebrate the contributions 
these custodians and stewards of a significant proportion of the nation’s land 
and water resources have made to putting food on the tables of Australians 
and others far from these shores. These farmers, with other predominantly 
small-scale farmers, have over the past 50 years kept pace with global food 
demand and helped decrease the proportion of the world’s people that go 
hungry, despite a doubling of the total global population. This is an outstanding 
achievement by any measure.

The growth in food production has largely been achieved by 2 billion small-scale 
farmers, who in addition to feeding themselves, produce surpluses for sale into 
local domestic markets. Those domestic markets and the food consumed by the 
producers’ families, which together constitute more than 70% of the world’s 
food consumption, are often overlooked in the food security debate. These 
producers are the current engine of global food production and the importance 
of them and their production systems to overall global food security is not in 
question. 

Do these systems have the capacity to continue to perform at current levels, as 
well as increasing output to meet future demand? 

Yield stagnation, and in some cases decline, in several of our grain production 
systems is a concern for those charged with ensuring future global food 
requirements. Human-induced land and water degradation and associated 
provisioning of ecosystem services threaten the integrity of both small and large 
farming systems and their capability to meet future food demands. Soil erosion, 
depletion of nutrients and soil organic matter, desertification, salinisation, salt 
water intrusion, surface and groundwater pollution, groundwater depletion, 
urbanisation and encroachment and wetland degradation are all challenges that 
have confronted agricultural and urban communities for decades. Yet resolution 
of these issues continues to elude us. 

The title of this paper describes the issue of land and water degradation as a 
‘slumbering giant’. The term reflects the significance of the problem. Challenges 
associated with reversing the degradation are enormous, and though they 
receive little space on the global agenda they have considerable implications for 
future food supply. Our goal as a global community should be to address these 
issues head-on and ensure that the slumbering giant does not awaken.

Human induced degradation and food production systems
There is general agreement that the global population will continue to grow 
until it possibly plateaus at 9 billion people by roughly the middle of this century. 
The deceleration in population growth is predicated on increased wealth. 
With more purchasing power comes increased consumption and a greater 
demand for processed food, meat, dairy and fish, all of which add pressure to 
the supply system (Godfray et al. 2010). Associated with these changes, food 
producers are experiencing greater competition for land, water and energy, and 
the need to curb the many negative externalities of food production systems 
on the environment (Tilman et al. 2001; Millennium Ecosystem Assessment 
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2005). There is also the overarching threat of climate change and its potential 
implications for food systems and the resources they depend on.

Recent discourse has broadened the definition of ‘land degradation’ beyond the 
traditional notion of soil erosion and water pollution and loss in soil fertility. It 
now also encompasses the deterioration of a balanced ecosystem and the loss of 
services that ecosystems provide (Nachtergaele et al. 2011). The new definition 
captures a more inclusive and integrated view of resources. It identifies that 
provision of goods and services by ecosystems is critical to the functionality and 
sustainability of these systems. More importantly this wider definition captures 
the biophysical and socio-economic dimensions of degradation, the latter being a 
key to addressing the problem.

The global community currently faces challenges that include the global financial 
crisis, extreme climatic events attributed in part to climate change, and the 
shift in geopolitical power from west to east. As well, the Earth’s systems have 
moved from a period of environmental stability, characterised in geologic terms 
as the Holocene, to a new era, the Anthropocene, in which human actions have 
become the main driving factor in global environmental change (Crutzen 2002; 
Steffen et al. 2007). The consequences could irreversibly and, in some cases, 
abruptly lead to a state less conducive to human development (Steffen et al. 
2004). Indeed recent evidence suggests that humans have exceeded three of 
nine so-called ‘planetary boundaries’: climate change, rate of biodiversity loss and 
the nitrogen cycle, all of which have strong linkages to the agricultural sector 
(Rockström et al. 2009). 

The success of the agrarian sector in providing food, feed and fibre to an ever 
increasing global population has been based on use of nitrogenous fertilisers 
and nitrogen-fixing legume species. These have perturbed the global nitrogen 
cycle by generating reactive nitrogen, and have contributed to greenhouse gas 
emissions. A dependence on fossil fuels together with widespread changes in 
land use have contributed to increasing greenhouse gases in our atmosphere, 
loss of biodiversity and extinction of species. As a sector, agricultural production 
has made a significant contribution to the overstepping of these three planetary 
boundaries. 

The litany of issues that confront us with respect to land and water degradation 
globally is well documented. It portrays a dismal assessment of the impacts of 
human-induced land use change for agriculture. Globally, approximately 25% 
of all land is classified as highly degraded, with a mere 10% being classified as 
improving in condition (FAO 2011). On an annual basis, inappropriate and 
unsustainable land use practices are estimated to affect 5–10 Mha annually out of 
a total of 1600 Mha (1.6 billion ha) that are currently in crop production (Scherr 
& Yadav 1996). Of 1094 Mha affected by water erosion, 751 Mha are severely 
affected. Of 549 Mha of land suffering from wind erosion, 296 Mha are severely 
affected (Oldeman 1994; Lal 2003). The salinisation affecting 34 Mha of the global 
irrigated area represents a significant lost opportunity and under-utilisation 
of investment in infrastructure. It is estimated that 25% of global freshwater 
storage capacity will be lost in the next 25–50 years unless measures are taken 
to control sedimentation in reservoirs. Approximately 2 Mt of waste is dumped 
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into rivers, lakes and wetlands each day, causing eutrophication and hypoxia 
and algal blooms; and it is estimated that there are now 12,000 km3 of polluted 
water on the planet — a volume greater than the contents of the world’s ten 
biggest river basins (FAO 2011). These points are not exhaustive; they represent 
the major challenges that we face in land and water degradation as we move into 
an era where stability in the Earth’s systems will be the exception rather than 
the rule. 

In short, the land and water degradation issues that confront us all diminish the 
capacity of vital ecosystems and landscapes to support functions and services 
required to sustain mankind. For brevity, only some aspects of land and water 
degradation are highlighted and discussed below. 

Impacts of agricultural systems
Agricultural systems are part of both the problem and the solution to global 
climate change. Consider these systems’ contributions to global greenhouse gas 
emissions that have forcing effects on climate. 

On an annual basis, emissions from agriculture contribute 5000–6000 Mt CO2-e 
(carbon dioxide equivalent). Together with deforestration — often associated 
with food production systems — agriculture is responsible for a third of total 
human-induced greenhouse gas emissions, or about 13,000–15,000 Mt CO2-e 
per year (FAO 2011). 

Various parts of the agricultural sector contribute different forms and amounts 
of greenhouse gases: 
• agriculture and associated deforestation contribute to 25% of the total 

global greenhouse gas emissions; 
• of total global methane emissions, 50% are derived from rice-based systems, 

enteric fermentation and generation of animal wastes; and 
• of global N2O emissions, 75% are generated from fertilisers and animal 

waste. 
These proportions show where efforts should be focused to reduce the sector’s 
overall emissions footprint.

In intensified production systems, which will be important in meeting future 
food demand, many of these emissions are unavoidable. However, there are 
mitigation strategies in both the agricultural and forestry sectors that will be 
critical in stabilising atmospheric concentrations. The Carbon Farming Initiative, 
part of the Australian Government’s Clean Energy Future Program, reflects 
the role that agriculture will play in being part of the solution to addressing 
greenhouse gas emissions. 

Salinisation of land has threatened civilisations in ancient and modern times. 
Southern Mesopotamia and parts of the Tigris–Euphrates river basins that 
for centuries supported thriving ancient societies were destroyed by salinity 
(Jacobsen & Adams 1958; Hillel 2005). A repeat of the saga is currently being 
played out in the Mesopotamia Plains of Iraq, the Indus basin and the Amudarya 
and Sydarya basins of central Asia, clearly demonstrating that we have not learnt 
from history. 
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In 2006, globally, irrigated agriculture was equipped to deliver water to 301 Mha; 
70% of this production capacity was in Asia (FAO 2011). Globally 34 Mha are 
now affected by salinity, representing 11% of the total irrigated area. The largest 
areas affected are in Pakistan, China and the United States (FAO 2011). It is 
estimated that 1.5 Mha of arable land are lost annually because of salinity, along 
with an estimated $11 billion in lost production (Wood et al. 2000).

The total area of salt-affected soils, which includes both saline and sodic soils, 
is estimated to be 831 Mha (Martinez-Beltran & Manzur 2005). In Australia in 
2001, the National Land and Water Resources Audit (NLWRA 2001) estimated 
that approximately 5.7 Mha of agricultural and pastoral lands had a high potential 
for developing salinity through shallow water tables, and that this figure could 
grow to 17 Mha by 2050. 

The development of salinity is based on soil and groundwater processes that 
interact with our ways of managing landscapes and irrigated areas. Natural 
salinisation of land and water is closely related to the long-term accumulation 
of salts in the soil profile and subsequently in the groundwater. Poor water 
management, and inappropriate drainage and management of saline drainage 
discharge all contribute to the salinisation of irrigated lands.

Globally only half the nutrients that crops take from the soil are replaced 
(Comprehensive Assessment of Water Management in Agriculture 2007). 
Depletion of soil nutrients often leads to fertility levels that limit production 
and severely reduce water productivity. This issue of soil nutrient mining is a 
fundamental problem in Africa, leading to yield stagnation and in many cases 
decline. It has been estimated that 85% (185 Mha) of African farmland had 
nutrient mining rates of more than 30 kg/ha annually during 2002–04, and 40% 
had rates greater than 60 kg/ha annually (Table 1) (Henao & Baanante 2006). 
Approximately 95 Mha of soils had reached a state of degradation in which 
large investments would be required to bring them back to a productive level. 
Nutrient depletion was high (>60 kg NPK/ha annually) in agricultural lands of 
Guinea, Congo, Angola, Rwanda, Burundi and Uganda (Table 1); little fertiliser 
is used in these countries and the high nutrient losses are linked to soil erosion 
and leaching. Contrasting this, in the North Africa region and South Africa, 
although constrained by poorer climatic attributes, rates of nutrient depletion 
are smaller, varying from 0 to 30 kg NPK/ha annually. 

Total nutrient depletion in sub-Saharan Africa on an annual basis has been 
estimated at around 8 Mt NPK (Henao & Baanante 2006). Nitrogen and 
phosphorus are lost when soils are eroded by wind and/or water, and nitrogen 
and potassium are lost via leaching. If erosion continues unabated, yields could 
be 17–30% lower by 2020, amounting to around 10 Mt of cereals, 15 Mt of 
roots and tubers and 1 Mt of pulses (Henao & Baanante 2006). 

The overall economic impact of land degradation in Africa, of which nutrient 
mining is a significant component, has been estimated from imports of grain  
(Henao & Baanante 2006). According to FAO statistics, Africa imported about 
43 Mt of cereals at a total cost of US $7.5 billion during 2003 (FAO 2004). 
Assuming that current agricultural land management practices will not change 
dramatically until 2020 and assuming that the population of Africa will continue 
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to increase, it is projected that Africa will be importing about 60 Mt of cereals, 
which could cost about US $14 billion. Such levels of imports will have a 
significant impact on the economies of countries and pose challenges with 
respect to food security. 

The combined effects of a stagnating agricultural sector, high rates of soil 
erosion, deforestation and desertification are trapping African agriculture in a 
downward spiral. These symptoms appear throughout African farming regions 
and are in part the consequences of nutrient depletion and high population 
pressure all contributing to resource degradation. 

As population growth in most of the agricultural regions of Africa continues to 
increase the demand for food and services, these ecosystems will no longer be 
able support the livelihoods of communities, resulting in out-migration to other 
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Moderate–low  
(<30 kg/ha)

Medium 
(30–60 kg/ha)

High (>60 kg/ha)

kg/ha kg/ha kg/ha
Egypt   9 Libya 33 Tanzania 61

Mauritius 15 Swaziland 37 Mauritania 63

South Africa 23 Senegal 41 Congo Republic 64

Zambia 25 Tunisia 42 Guinea 64

Morocco 27 Burkina Faso 43 Lesotho 65

Algeria 28 Benin 44 Madagascar 65

Cameroon 44 Liberia 66

Sierra Leone 46 Uganda 66

Botswana 47 Congo Democratic 
Republic

68

Sudan 47 Kenya 69

Togo 47 Central African 
Republic

69

Côte d’Ivoire 48 Gabon 69

Ethiopia 49 Angola 70

Mali 49 Gambia 71

Djibouti 50 Malawi 72

Mozambique 51 Guinea Bissau 73

Zimbabwe 53 Namibia 73

Niger 56 Burundi 77

Chad 57 Rwanda 77

Nigeria 57 Equatorial Guinea 83

Eritrea 58 Somalia 88

Ghana 58

Table 1. Average annual losses of nitrogen, phosphorus and potassium during 
2002–04 in countries in sub-Saharan Africa (based on Henao & Baanante 2006).
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areas or, more commonly, to urban centres. If current nutrient mining rates and 
degradation of land continue, it has been argued that it is very difficult to foresee 
how farmers in African countries will have enough productive soil to grow 
adequate food and feed for populous urban centres and the rural areas of Africa 
during the next century (Henao & Baanante 2006). 

This is possibly an overly pessimistic view of the consequences of continued land 
and water resource degradation, but it highlights the critical point that has been 
reached in Africa. There is a need for a transformative approach to addressing 
these issues.

Although land use practices vary greatly across the globe, their ultimate outcome 
is generally the same: the acquisition of natural resources for immediate human 
needs, often with risk of degrading the condition of the environment. Expansion 
and intensification of agricultural production systems have contributed to loss 
of biodiversity within landscapes. Modification and fragmentation of habitats 
associated with land use change, erosion, overgrazing and the silting up of 
wetlands have contributed to large shifts in biodiversity. Intensification of 
agriculture, often accompanied by farm and field consolidation, reduction of field 
margins, clearing and levelling of adjacent water catchments (watersheds), wider 
use of modern varieties, heavy use of fertilisers, pesticides and agrochemicals all 
contribute to degradation of water systems, eutrophication and a decrease in 
aquatic biodiversity (Foley et al. 2005). The insatiable appropriation of an ever-
larger fraction of the biosphere’s goods and services has resulted in the highest 
rate of biodiversity loss since the last global mass-extinction event, and has 
pushed us over this planetary boundary (Rockström et al. 2009).

In 2009, the number of chronically malnourished persons reached an all-time 
high, exceeding 1 billion (IFAD 2010). In the same year, the World Food 
Programme delivered food assistance to over 101.8 million people suffering from 
an acute shortage of food (WFP 2010). Recent food crises have incited political 
unrest and spurred large-scale agricultural investment in the tropics, often 
displacing local people and critical ecosystems (Deininger & Byerlee 2011). 

While there is no evidence to suggest that land and water degradation 
contributed to the recent global food crisis there are contrasting views over the 
impact that resource degradation has on productivity. Wiebe (2003) claimed 
that land degradation at a global scale causes annual productivity declines in 
the order of only 0.4% for the major crops, and that the real impact on food 
production is masked through technological advances and inputs — driving 
factors that will have less of an influence in the future. However, other studies 
suggest that land degradation can threaten the food security of poor people 
in fragile environments, particularly those whose livelihoods rely largely on 
agricultural activities (Scherr 1999; Sanchez 2002). A study undertaken in 
Tanzania found that although the average percentage of rural household income 
derived from agriculture was almost 50%, this figure rose to almost 70% for 
the poorest income quartile (Ellis & Mdoe 2003). These findings emphasise the 
relatively high sensitivity of the poor to resource degradation.

The impact of degradation associated with inappropriate land and water 
management on potential yield loss can be estimated from the yield foregone 
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because of land retirement in irrigated areas due to salinity. Assuming that the 
34 Mha currently affected by salinity were brought back into production to 
yield a conservative annual production potential of 4 t/ha grain, the potential 
production generated is 136 Mt of grain annually which is approximately 20% 
of the global wheat yield of 2010–11 (USDA 2012). Bringing these salinised 
irrigated areas back into production could make a significant contribution to 
global food security without expanding the production area — with associated 
challenges.

Addressing land and water resource degradation makes sound economic sense. 
These are production variables that, in theory, a farmer can control — in 
contrast to climate change and climate variability, market forces and political 
change. However, controlling land and water degradation will take considerable 
support and political will, because the problem is one of those eloquently 
labelled ‘wicked’.

Addressing land and water degradation 
The problem of land degradation was described as a ‘wicked problem’ by the 
Australian Public Service Commission (APSC 2007). It stated (p. 2): 

Land degradation is a serious national problem. Given that around 60% of 
Australia’s land is managed by private landholders, it is clear that assisting 
and motivating primary producers to adopt sustainable production systems is 
central to preventing further degradation, achieving rehabilitation and assisting 
in sustainable resource use. All levels of government are involved in land use 
as is a range of NGOs. 

One might add that, at global scale, mobilising 2 billion smallholder private 
farmers to adopt sustainable production systems is in itself a monumental 
challenge, although there are examples of success in addressing resource 
degradation amongst these producers. 

It is important to understand why land degradation has been described as a 
wicked problem. The label places the issue in a distinct category of problem sets 
that cannot be solved relatively simply. 

Wicked problems commonly have the following attributes: they are difficult 
to define; have many interdependencies and are often multi-causal; often lead 
to unforeseen consequences when addressed; are often unstable; usually have 
no clear solution; are socially complex; and often involve changing behaviour. 
Climate change and obesity are similarly classified as wicked problems (APSC 
2007) and one could argue that the challenges in managing Australia’s Murray-
Darling Basin would also fall into this category, which clearly highlights the 
complexity and possibly intractable nature of the issue. 

Although the term ‘wicked’ conjures up a sense of hopelessness or despair in 
resolving the problem, I am of the opinion that we as a community should see 
the issues as a challenge that will require science, policy and politics to address. 
We should not accept that because it is a wicked problem there is no solution. 
Globally there is a cadre of bright and talented young people who should be 
encouraged to take on these issues that have scientific, policy and political 
dimensions, through innovation.
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The picture may look bleak with respect to land degradation but there is cause 
for cautious optimism that the tide may be slowly turning. In a study reported 
in 2006, 286 recent interventions in 57 poor countries covering 37 Mha (3% 
of the cultivated area in developing countries) have increased productivity on 
12.6 million farms while improving the supply of critical environmental services. 
The average crop yield increase was 79% with the largest increases being 
observed in rainfed systems (Figure 1; Noble et al. 2006). All crops showed 
water use efficiency gains, and the highest improvement was in rainfed crops. 
Potential carbon sequestered amounted to an average of 0.35 t C/ha/year. If 
a quarter of the total area under these farming systems adopted sustainability 
enhancing practices, it was estimated that global sequestration could be 
0.1 Gt C/year. Of projects with pesticide data, 77% resulted in a 71% decline in 
pesticide use while yields grew by 42% (Pretty et al. 2006).  

An analysis of 40 projects and programs in 20 countries in Africa where 
sustainable intensification had been developed during the 1990s–2000s has 
revealed some interesting insights into the impact of these interventions 
(Pretty et al. 2012). By early 2010, these projects had documented benefits for 
10.39 million farmers and their families and improvements on approximately 
12.75 Mha. Effects on food outputs by sustainable intensification have been 
multiplicative — in other words, yields per hectare have increased by combining 
the use of new and improved varieties and new agronomic–agroecological 
management (crop yields rose on average by 2.13-fold). They have also been 
additive: diversification has resulted in the emergence of a range of new crops, 
livestock or fish that added to the staples or vegetables already being cultivated. 

Figure 1. Changes in the yields of agronomic crops with the adoption of new 
technologies and practices globally (Noble et al. 2006). The data set is made up of 
446 crop yields from 286 projects. Dashed line indicates no change in relative yield. 
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The aforementioned are impressive outcomes that demonstrate that promoting 
sustainable intensification for smallholder farming systems can have tangible 
results in the form of increased food security and/or incomes while enhancing 
the functionality of farming systems. However, the challenge we face is a scaling-
up of these successes. 

The Government of India is attempting to achieve this through multidimensional 
policy instruments that are linked to poverty alleviation and environmental 
sustainability objectives. That involves locally appropriate, bottom-up planning. 
The Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA), 
launched in 2006, now operates in every district in India. In 2010–11, 
MGNREGA provided jobs for more than 50 million rural households at a 
cost of US $9.1 billion. MGNREGA entitles every adult to 100 days a year of 
minimum wage, unskilled manual employment on public works, such as water 
management, drought proofing, tree planting, land development and rural 
connectivity. Over 80% of the projects have contributed to rejuvenating the 
natural resource base in some way. MGNREGA jobs deliver local environmental 
services, such as recharging groundwater, enhancing soil fertility and increasing 
biomass which in turn contribute to climate change resilience and mitigation, 
as well as conserving biodiversity (Mahapatra 2010). An important part of this 
initiative is that the MGNREGA recognises the important role of gender in rural 
areas by specifying that at least one-third of workers should be women.

The recently published report by the Commission on Sustainable Agriculture 
and Climate Change (Beddington et al. 2012) provides a comprehensive 
assessment of the challenges and solutions to food security within the context of 
climate change, encapsulating sustainable and efficient use of natural resources. It 
makes a comprehensive set of recommendations for policy makers, which would 
contribute to ensuring that humanity stays within the planetary boundaries. 
However, the rate of change and transitions that are occurring challenge 
humans’ ability to manage this complexity. 

These transitions include, but are not limited to: 
• the urban transition where a greater proportion of the global population is 

living in cities; 
• the nutrition transition that has led to changes in dietary habits and greater 

consumption of processed foods and meat products; 
• the climate transition where increases in global temperatures are influencing 

the water cycle; 
• the agricultural transition that is being forced upon us because of the huge 

increases in food demands in the face of reduced resources; and 
• the energy transition from inexpensive fossil fuels to renewable energy 

resources (Rogers 2012). 
All of these are happening simultaneously at differing rates that will require 
flexibility in the way we manage these changes.

The agricultural transition that is core to our sphere of interest will be 
influenced to a lesser or greater extent by the other transitions mentioned 
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and will dramatically change the face of agriculture particularly in developing 
and emerging countries. For example, in sub-Saharan Africa where there is 
considerable potential to expand and intensify agricultural production systems, 
there is the notion that this can be achieved through small-scale farmers (the 
current mainstay of the food production system) by improvements in technology 
and its transfer, and functioning markets. This may be a somewhat myopic view 
of agricultural transformation in sub-Saharan Africa, particularly if one assumes 
that the region will inevitably follow the same development trajectories that have 
occurred in North America, Europe, Australia and Brazil. Similar trajectories 
are currently occurring in South-East and East Asia where de-population of rural 
areas has resulted in land consolidation, mechanisation and the development 
of commercial farming systems. Further, it is argued that this transformation 
of agriculture in sub-Saharan Africa will be influenced by the impacts of climate 
change. 

A move towards large-scale commercial farming systems offers opportunities for 
addressing land and water resource degradation through improved technology 
transfer and the enforcement of conservation measures. This is not to say that 
‘large’ is better than ‘small’ but rather that there needs to be more flexibility in 
the way agriculture is transformed in developing and emerging countries, and 
that sovereign governments actively need to play a leading role in facilitating this 
transformation. 

In summary, it makes sound economic sense to address this slumbering 
giant of degradation through increased conservation investments in land and 
water resources within this sector. Technologies, technology packages and 
management practices have been developed which demonstrate the practicalities 
of addressing these resource degradation issues, but the scale of their adoption 
has been disappointing. The central challenge facing government institutions, 
and development and research organisations tasked with sustainably securing 
future food supplies, is to develop greater insights into the constraints inhibiting 
adoption of productivity-enhancing and conserving interventions; and to identify 
the driving factors and relevant levers to address these constraints.
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