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Regardless of future projections for population growth — with 
the global population estimated to reach 10 billion by 2050, 
plateauing at 11–12 billion by 2100 — we have serious issues 

relating to agricultural production and the ability to feed the current 
world population, even with key staple foods. Furthermore, these 
issues are not evenly spread across the world. We live amidst global 
divisions of wealth and poverty, over- and under-feeding, peace 
and violence, bountiful and degraded natural resources. There is 
remarkable overlap of regions where different forms of disadvan-
tage occur — we live in a highly segregated world of ‘haves’ and 
‘have nots’, exemplified by the fact that all countries of Africa fall 
below the global median daily income per capita of US$7 (ref. 1).

The impacts of agriculture on hunger, malnutrition, land degra-
dation and climate change negatively impact the lives of hundreds 
of millions in the world, especially in Africa, and threaten the future 
of the planet2. Food insecurity is among the impacts driving inter-
national migration out of Africa3, and potentially the rise in civil 
conflict and international terrorism4. In the context of agricultural 
production, none of these big global issues stand alone — the cycle 
of land degradation and social deprivation creates a downward spi-
ral in which food and nutritional insecurity are interlinked with 
poverty and environmental degradation due to deforestation, over-
grazing, desertification, loss of soil fertility, erosion, pollution and 
climate change5. These have further linkages and interactions with 
declining livelihoods, gender inequality, lack of education and poor 
health, communication, infrastructure and transport6.

The aim of the Green Revolution was to resolve the global food 
crisis through crop breeding and mechanized monocultures with 
high inputs of pesticides and fertilizers7. It is now clear that, as 
predicted by Borlaug in 1970 (ref. 8), further actions are needed to 
resolve the worsening environmental and social crises now limit-
ing food production and planetary health. Underlying these crises 
is the situation that global policies are developed in industrialized 
countries9 with inadequate recognition that farming systems are 

very different in other parts of the world. For example, in indus-
trialized economies, large capital-intensive farms are managed by 
around 1%–4% of the population; in non-industrialized economies, 
farmers making up around 40%–60% of the population often live 
on the brink of the cash economy10. Typically, these farmers live on 
fragmented smallholdings totalling about 2 ha (ref. 11). Significantly, 
these smallholders lack access to the Green Revolution technolo-
gies5. These two contrasting situations are further differentiated by 
markedly different physical and social environments.

In recent years, many international reports on global agricul-
ture have indicated that ‘business as usual is not an option’ going  
forwards (for example, see refs. 9,12,13). There is general agreement 
that more sustainable approaches to farming are needed, but there 
is no consensus on how to achieve this.

Getting to the heart of the problem
An evaluation of 297 reported consequences of modern agricultural 
practices found that 64% were positive and 36% were negative. The 
patterns of the consequences were not dissimilar for food produc-
tion, delivery of ecosystem services, farmer livelihoods or regulatory 
processes14. Further analysis identified a complex interacting set of 
environmental, social and economic factors forming the downward 
spiral of the cycle of land degradation and social deprivation6. The 
consequences, in turn, are a loss of biodiversity15,16, a breakdown 
of agroecosystem functions and the decline of soil fertility17. These 
negative impacts of the conventional modern agriculture have been 
described as inevitable trade-offs of agricultural intensification18. 
For poor smallholder farmers in the tropics and sub-tropics, how-
ever, the highly undesirable consequences of these trade-offs are 
a return to the top of the cycle, creating a worsening downward 
spiral. This furthers the decline of crop yield and thus widens the 
gap between potential and actual yield in many staple food crops 
— exacerbating hunger, malnutrition and poverty — exemplified 
by potential maize yields in Africa averaging 7.0 t ha–1, while the 
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actual yields of the continent average 1.5 t ha–1 (ref. 19). In addition, 
land degradation contributes to climate change and environmental 
disasters, such as drought, flooding, erosion and siltation.

Agriculture, in addition to producing food, has been recognized 
as an engine for economic growth20. Something is therefore seri-
ously wrong if agriculture in many tropical and sub-tropical coun-
tries is neither adequately feeding the population, nor substantially 
delivering improved income per capita. Indeed, it seems appropriate 
to ask if the problems behind tropical and sub-tropical agriculture 
explain the polarity in median income per capita between nations. 
This is important in the context of meeting the United Nations 
(UN) Sustainable Development Goals.

An emerging consensus
In response to the above challenges, many research, policy and 
practical interventions have been developed with the aim of rebal-
ancing the long-term economic, environmental and social aspects 
of agriculture, thus conferring resilience and sustainability to food 
production21. Many of the interventions make use of trees to rebuild 
biodiversity and restore agroecosystem functions (Supplementary 
Table 1) and include around 20 often-overlapping terms such as 
agroecology, agroforestry, evergreen agriculture, conservation agri-
culture, organic agriculture and permaculture. Indeed, agroforestry 
initiates an agroecological succession to deliver ecological benefits 
together with a wide range of tree products and services22.

The above set of diverse alternative terms and approaches to 
low-input polycultures perhaps creates a bewildering situation for 
politicians, the media and the public, as well as for policy makers. 
This is exacerbated by conventional wisdom that favours mono-
cultures. Nevertheless, in a series of international initiatives (for 
example, see refs. 9,12,13), consensus is emerging around the impor-
tance of restoring the ecological functions that are critical for sus-
tainable farming practices. However, while the diversification of 
farming systems to restore agroecological functions is a crucial 
part of addressing the need for more sustainable food production, 
it does not adequately address the role of poverty in the creation of 
yield gaps in staple food crops. Thus, as addressed below, a focus 
on agroecology alone does not allow agriculture to achieve its  
full potential.

Reversing the cycle of land degradation and social 
deprivation
Over the last 25 years, an award-winning (UN Equator Prize in 
2010; National Geographic/Buffett Award in 2012; World Future 
Council in 2019) multidisciplinary initiative in Africa has been 
underway with the aim of finding innovative ways to reverse the 
downward spiral of land degradation and social deprivation, and to 
close the yield gap6. This initiative began in 1993 by simply asking 
smallholder farmers in Cameroon what they would like to achieve 
through agriculture. Their response was to address soil infertility 
and the cultivation of traditional forest foods formerly harvested 
by hunter–gatherers. These foods were (and remain) scarce due 
to deforestation. This led to a species priority-setting exercise23 
and a programme of participatory domestication24,25 for the social 
modification of new crops26. This decentralized village-level crop 
domestication is based on rural resource centres that train and 
mentor communities as they implement integrated rural develop-
ment27, leading to a programme of practical land husbandry based 
on 12 principles28. In parallel, research to characterize intraspecific 
genetic variation in indigenous fruit and nut trees has been devel-
oped to underpin the field work on appropriate domestication tech-
niques, skills and strategies for the cultivation of indigenous trees 
production of highly nutritious and marketable traditional foods, 
medicines and other products10. This agroforestry initiative imple-
mented at the level of 500 villages is now being replicated in many 
other countries where work is at a preliminary pre-adoption stage 

(Supplementary Table 2). There are hundreds, if not thousands, of 
appropriate candidate indigenous tree species from all ecoregions 
of the world that could be domesticated and cultivated to diver-
sify farming systems and diets and create new sources of income. 
Typically, these species are well adapted to the environmental con-
ditions, and are well integrated in local culture, tradition and trade.

The programme in Cameroon has engaged a three-step 
approach to addressing food production problems, using biologi-
cal nitrogen fixation by ‘fertilizer trees and shrubs’ to improve soil 
fertility and cereal crop production (typically around 100%–300% 
across Africa29), and a combination of participatory domestication 
and the commercialization of tree products to improve household 
income from almost zero to US$2,000–US$3,000 over 10 years. 
Using this income to purchase fertilizers can then raise current crop 
yields further still (300%–600%) to their full biological potential. 
This combined approach has delivered a cascade of multiple ben-
eficial environmental, social and economic outcomes (Table 1) and 
transformed the livelihoods of the participating rural and associated 
urban communities30–32. Among these outcomes, youths report that 
they no longer need to consider migration to local cities for employ-
ment, now seeing a future in their home villages. In parallel with 
this, local businesses and cottage industries have been developed 
to process and add value to these traditional foods, giving rise to 
increased trade across a new and virtually unexplored value chain of 
product processing and value-adding33. The reported benefits from 
this income range from the ability to purchase farm inputs such as 
fertilizers to the creation of new enterprises, greater equity in the 
community, the development of rural infrastructure and the pro-
curement of education and health services (Table 1).

Going beyond agroecology with land maxing
It is well-recognized that the intensification of staple food crops 
requires household income for access to improved seeds, fertiliz-
ers and agrichemicals, labour and extension services34. Building on 
the above participatory domestication experience in Cameroon, the 
three-step approach to fully close yield gaps5 adds income genera-
tion from new local businesses and industries to the use of fertil-
izer trees for soil fertility improvement. It also diversifies farmers’  
fields with improved cultivars of culturally important food and 
non-food species22.

The novelty of the initiative in Cameroon stems from its grass-
roots approach to the social modification of new tree crops pro-
ducing traditionally and culturally important food and non-food 
products for domestic consumption at the village-level, new cottage 
industries and novel local and regional trade, as well potential new 
global products and their integration into a rural development pro-
gramme33. These developments offer new sources of employment 
and entrepreneurial activity, furthering income generation. This 
integrated programme is an approach that should minimize the 
growing risk of environmental and global change that results from 
the “decades of delay in appraising the interconnectivity amongst 
social, economic, climate, and environmental drivers”, described by 
Pascal Peduzzi35. These effects are not limited to terrestrial ecosys-
tems as better land management will also reduce siltation of water-
ways and damage to marine ecosystems.

The utilization of simple technologies appropriate for remote 
rural communities, as in Cameroon, suggests that if scaled-up to 
reach additional new communities and scaled-out to many more 
different agroecosystems, it would greatly reduce the environmen-
tal, social and economic trade-offs typically seen as inevitable18. In 
this way, negative outcomes can become positive, hence creating a 
focus on ‘trade-ons’ for policy, development programmes and agri-
business5. These projected benefits in tropical Africa appear to be 
many times greater than those reported in a recent meta-analysis 
of conventional agricultural intensification systems in temperate  
latitudes36 due to the closure of large yield gaps.
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Table 1 | Re-booting tropical agriculture to benefit food production, the environment, rural economies, nutrition and health, and 
social justice

Intervention Results outputs expected outcome expected impact

Step 1: Harness 
biological nitrogen 
fixation by planting 
leguminous trees

Replenished soil nitrogen Increased crop yield Partial closure of yield gap Enhanced food security

Enhanced agrobiodiversity in soils Improved agroecological 
function below ground

Improved soil health; reduced risk 
of crop failure

Enhanced food security

– Increased organic matter Carbon sequestration Some mitigation of climate change

– Reduced erosion Reduced soil run-off Enhanced soil protection

– Enhanced water infiltration Groundwater recharge Replenished water table

Production of tree fodder Increased livestock production Increased consumption of meat, 
dairy products and so on

Better dietary health and income 
generation

Production of bee fodder Enhanced pollination Beekeeping for honey production Income generation and improved 
dietary health

Production of fuel wood Reduced labour for fuel 
collection

Improved energy self-sufficiency 
and income

Enhanced well-being

Business opportunity Established tree nurseries Sale of tree seedlings Income generation

Step 2: 
Domestication of 
indigenous food/
medicinal trees

Tree planting to replenish depleted 
and threatened resources 

Enhanced agrobiodiversity 
in soils

Improved agroecological function 
below ground and greater soil 
health

Reduced risk of crop failure and 
enhanced food security

Production of useful tree products Domestic consumption Improved diet and nutrition Better household health

– Marketing opportunity Local trade Income generation

– – Post-harvest processing for wider 
trade year-round

Income generation

Participatory domestication 
process established

Community engagement in 
rural resource centres

acquisition of skills and 
understanding

Community empowerment and 
self-sufficiency

– Self-help process Better self-image Improved self-esteem

– – Satisfaction Enhanced well-being

– Women and youth involved Gender and youth equity Healthy rural communities

Selection of elite trees Production of superior 
planting stock

Farm diversification Improved agroecological function 
below ground

– Multiplication of superior 
varieties

Greater uniformity of product 
quality

Reach more regulated markets

– – Opportunity to match products 
to industrial market needs using 
‘ideotypes’

Reach more specialist or niche 
markets
(even export markets)

– – Opportunity to market further up 
the value chain

Regional trade and income 
generation

– Farm intensification Greater total productivity Enhanced social and economic 
lifestyle

– – – Opportunities to purchase 
farm inputs and develop farm 
infrastructure

Step 3: 
Commercialization of 
tree products

Post-harvest processing and 
packaging

Longer shelf life Opportunity to market outside 
production ‘season’

Increased income generation

– – Opportunity to expand trade 
geographically

Increased income generation

– Creation of local business 
enterprises

New entrepreneurism and job 
opportunities

Increased income generation

– – Creation of opportunity for local 
equipment fabricators

Local employment and income 
generation

– – Opportunity for microfinance Greater income generation

– – Opportunity for women and youth Greater social equity

– – Enterprise diversification Diversified and healthy rural 
economy

– – Enhanced wealth Opportunities to purchase 
education and health care

– – – Opportunities to develop local 
infrastructure
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The idea of going beyond agroecology conforms to Elena 
Bennett’s analysis37 of the ‘land sparing’ (distinctly separated high‐
yielding agriculture and natural habitats) and ‘land sharing’ (wildlife‐
friendly farming systems) debate. Bennett emphasized the need to 
focus on ways in which agriculture can improve human well-being, 
rather than just food production versus biodiversity conservation. 
This debate should be expanded to include the full spectrum, from 
the serious underproduction of food — the yield gap — to the so far 
unattained maximum ‘total factor production’ (38): in other words, 
from ‘land failing’ to ‘land maxing’. This equates to agroecosystem 
intensification based on maximizing natural, social, cultural and 
intellectual capital — with minimal financial capital (Fig. 1).

By upscaling the closure of the yield gap in staple food crops, 
land maxing simultaneously addresses the production and social 
problems of agricultural production that arise from the cycle of land 
degradation and social deprivation, and those of wildlife conserva-
tion. This is achieved by restoring ecosystem functions through the 
creation of new sources of income generation from new indigenous 
tree crops, and provision of a well-treed alternative habitat for wild-
life on productive farmland and areas freed from agriculture. In 
addition, by default, land maxing further adds environmental value 
to highly productive agricultural land by increasing the amount of 
standing woody biomass for carbon sequestration. The concept of 
land maxing is, therefore, more than an expansion of land sharing 
as it adds income generation and social and business development 
within a holistic package of agricultural and environmental reform, 
expanding on the concept of landesque capital as described by Piers 
Blaikie and Harold Brookfield39. In this way, land maxing meets the 
two most basic needs of all people — food and improved livelihood 
— as well as those of wildlife.

By integrating the food and livelihood needs of people with 
those of the other components of functioning ecosystems, there 

is therefore the potential to develop resilient forms of highly pro-
ductive agriculture that are fundamental to social stability and 
meet the needs of poor and marginalized people, as well as those 
of the planet1. This approach has similarities with that of the agro-
ecological matrix approach in Mexico40 and the Agrobiodiversity 
Knowledge Framework in Peru41, both of which address the trans-
formative planetary challenges of the Anthropocene.

Reducing global inequity
Opinion makers in civil society and political leaders are seeking a new, 
more autonomous and self-reliant vision for Africa based on empow-
erment, better use of natural capital, greater independence from for-
eign aid and greater unity. In several respects, the case study of socially 
modified crops in Cameroon and the subsequent development of new 
business for the processing of the products conforms with the emerg-
ing vision aimed at achieving greater pan-African self-reliance42.

African farmers provided the vision for the Cameroon project 
described above. It has been the catalyst for the evolution of the con-
cept of land maxing. Interestingly, many African scientists are now 
starting to domesticate their indigenous species to address serious 
food problems (Supplementary Table 2). Thus, Africa is embark-
ing on a novel agroforestry approach to productive, sustainable and 
environmentally appropriate agriculture based on the domestica-
tion of indigenous food and non-food species, which could become 
an engine of economic growth across the continent through a set 
of new local industries10. As a new green industrial revolution for 
Africa, this outcome would bring many millions of poor people 
into the cash economy. By addressing the ideals of the bottom of 
the economy pyramid, this would potentially expand the global 
economy, creating a ‘greener’ carbon-neutral world that is capable 
of feeding and sustainably supporting a population well in excess of 
currently foreseen limits1.

Land sparing

Nature reserve
Maximum biodiversity

(seldom secure)

Best practice intensive
conventional agriculture 
Maximum food security

(seldom achieved)

Agroforestry 
Food security and

agroecological functions,
with limited economic benefits

Multifunctional agriculture
Maximum food security,

agroculture functions and social/economic 
benefits (plus orphan and cash crops)

Land sharing Land maxing

$

$

$

$

$

$ $

$

$

$

Fig. 1 | tropical land-use scenarios. a comparison of the food security, wildlife habitat and income generation/livelihood benefits of land sparing, land 
sharing and land maxing.
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A stronger focus on traditional food species is not a retrograde 
step when trying to solve the problems of global food production. 
Recent evidence gathered from an agricultural intensification tran-
sect in southern Cameroon has indicated that land clearance for 
conventional agricultural intensification has had negative impacts 
on nutritional security and health due to the reduction of indig-
enous fruits in the diet43. Interestingly, this study also found that the 
consumption of nutritious indigenous fruits had no social stigma.

By presenting a way to close the yield gap of staple food crops, 
using a combination of relatively simple and appropriate technolo-
gies that maximize the economic, social and environmental returns 
from food production, it seems that it is possible to increase total 
productivity with few external inputs, maximizing the efficiency of 
low-input agriculture (Fig. 2). This approach builds on the invest-
ments in, and advances from, the Green Revolution. It also draws on 
the suite of long-championed, more sustainable and mixed cropping 
systems, such as permaculture, organic agriculture and conserva-
tion agriculture, and the creation of wildlife- and farmer-friendly 
rural landscapes. However, to up- and out-scale this approach will 
require a more multidisciplinary/transdisciplinary approach to 
agricultural science education that is typically not part of current 
university curricula.

To planet-proof our world and create a productive and sustain-
able world, we need to address the issues dividing our world into 
rich and poor. Here, we focused on the experience in Africa. Food 
production is central to more issues than hunger, malnutrition, pov-
erty and climate change. Food systems are central to the global social 
and security issues of illegal migration, human trafficking, interna-
tional drug smuggling and terrorism. In the context of resolving the 
big global issues, the innovation of socially modified organisms can 
therefore be seen as a very powerful force for change — one that 
maximizes the benefits of agriculture and promotes conversion of 
‘trade-offs’ to ‘trade-ons’5,33. In other words, rather than being the 
culprit lying behind the big global issues, agriculture could become 

the solution and incentive to re-boot planetary health by reversing 
the drivers of land degradation and social deprivation. This initia-
tive goes beyond wildlife conservation and practice of wiser use 
of natural resources. However, this will require a change in both  
mindset and political will.
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