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Since 2008/2009, Conservation Agriculture (CA) cropland area has been expanding globally at an annual rate of more

than 10 M ha per year. In 2015/2016, the total CA cropland area was 180.4 M ha, corresponding to 12.5% of global

cropland area. In 2018/2019, the total cropland area was 205.4 M ha, corresponding to 14.7% of global cropland area.

The spread of CA has been expanding in Asia, Africa, and Europe in recent years because farmers are becoming better

organized in working together and networking. More attention and resources are being allocated by stakeholders towards

supporting farmers to adopt CA and in generating new knowledge to improve their performance.
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1. The Three Interlinked Conservation Agriculture (CA) Principles Are
Universally Applicable

The three interlinked principles of Conservation Agriculture (CA) have been shown to be universally applicable in all land-

based crop production systems in all continents on all farm sizes and with all types of farm power. These CA systems

include rainfed and irrigated annual crop systems such as horticultural crops involving root and tuber crops, and rice-

based systems; perennial crop systems including orchards and vineyards; annual crops with trees and shrubs or

agroforestry; plantations; and pasture, rangelands, and mixed systems. CA systems are being managed organically or

biologically as well as with synthetic inputs .

The three principles emulate nature in which mechanical soil disturbance does not occur for vegetation to propagate and

establish. Where vegetation growth is possible because of moisture availability, biomass produced always covers the

ground and organic matter is converted into compost mulch on the ground surface and is incorporated into the soil

through microorganisms and mesofauna. As one of the most important representatives of mesofauna, earthworms and

termites play an important role in ingesting the biomass and mixing it with soil mineral particles to produce nutrient rich

worm casts and excreta. Microorganisms also produce their own carbon-rich compounds, which help to bind soil mineral

and non-mineral particles into stable aggregates that improve soil structure and porosity, water infiltration and retention

and soil aeration.

CA is described as an ecosystem approach to regenerative sustainable agriculture and land management based on the

practical application of three context-specific and locally adapted interlinked principles. They are often referred to as the

three ‘pillars’ of CA that provide the foundation for CA’s ecological sustainability at the system level without which

economic and social sustainability are not possible.

The application of the three interlinked principles into practices provides the underpinnings for ecological sustainability

and has been shown to have a robust ecological science foundation, providing a base upon or into which complementary

practices can be integrated, thereby further strengthening the biophysical and biochemical processes of the system that

nourish and protect plants and facilitating the functioning of the ecosystem. Thus, ecosystem functions at the field level as

well as at the landscape level are enabled or mediated satisfactorily. Growing conditions for efficient growth are

established, and resilience against biotic and abiotic stresses is also enhanced.

2. CA Functions Sustainably, Regeneratively, and Optimally

CA systems operate sustainably, regeneratively, and optimally because CA promotes the following conditions and

outcomes for the whole production system in which all CA principles have been applied adequately along with

complementary practices of integrated crop, soil, nutrients, pests, water, and energy management.
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CA has ecological and biological foundations for sustainability .

CA generates enhanced soil health status, biology, and functions .

CA enhances biodiversity and therefore natural control mechanisms and feedback cycles .

CA has diverse plant root systems that enhance soil systems .

CA enhances environmental and ecosystem functions and delivers benefits to farmers and society .

CA develops maximum efficiency and resilience .

CA is able to regenerate and rehabilitate degraded agricultural lands .

Each of the above features of CA works synergistically with the others at the process and outcome levels to ensure

superior and optimal overall performance. CA opens up the possibility for farmers to transform and regenerate the

resource base, conserve the gains, and sustain the biological outputs as well as the ecosystem service outputs, allowing

the system to operate at its optimal capacity.

The above is illustrated in Figure 1, which shows the propensity within CA systems to establish a dynamic cycle of

regeneration, enhancement, and integration . The outcomes include a production system that is self-enhancing, self-

repairing, self-protecting, and self-regenerating as much as possible because its ecological and biological processes are

interlinked in feedback loops.

Figure 1. A spiral of regeneration and enhancement operating in integrated Conservation Agriculture systems based on

the application of the three interlinked ecological principles adapted from .

3. CA Delivers Ecosystem Services

Ecosystem services are ecological and biological or organic services provided to society by nature . They can be

categorised into supporting services, regulating services, provisioning services, and cultural services, but in nature they

are all interconnected. These services operate at the field and landscape levels. A major difference between the

conventional tillage agriculture, which uses the plough and a number of tillage operations, and CA is in their ability to

harness ecosystem services in the fields for production and across landscapes for society and environment. In
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conventional tillage agriculture, soils are degraded, and all soil health functions—biological, physical, hydrological, and

chemical—are debilitated and prone to dysfunction.

Examples of ecosystem services at the field and landscape levels have been described in . Field level services

covered biological, physical, hydrological, and chemical processes that interact amongst themselves and with the crops in

the cropping systems affecting crop growth, development, productivity, and farm output. These provisioning services

include all the biological products desired by society as well as above and below ground biodiversity. They also include

the effects of soil biology on soil physical and chemical properties.

Regulatory services include landscape or watershed hydrology and services; stable stream and river flows with clean

water; nutrient, water, and carbon cycling; and aquifer recharge and carbon sequestration. They also include biodiversity

and wildlife food chains, and minimization of soil, water, and atmospheric pollution.

At the ecosystem level, ecosystem services at the field and landscape levels generate regional, national, and international

level services for society including supporting services for biodiversity systems such as primary vegetation, wildlife

habitats and migration systems, general circulation of the atmospheric regulation, thermal and moisture regulation in

climate and weather systems, and large-scale nutrient, water, and carbon cycling.

Cultural services operate in terms of conservation area for wildlife and biodiversity, cultural and ecological tourism, and

natural historical sites that have spiritual value.

Many of the ecosystem services described above operate at multiple levels, and they have been shown to function more

optimally and sustainably when fields, landscapes, watersheds, and regional land use management is based on CA

systems. Examples are given from Brazil, Spain, China, and Australia .

4. CA Is a Valid Alternative Paradigm for Sustainable Agriculture and Land
Use

Global scientific and empirical evidence, as well as the extent of the global spread of CA, shows that CA is a valid

alternative agricultural paradigm that is capable of addressing the weaknesses in the dominant tillage-based Green

Revolution paradigm . CA has shown the fuller potential of agricultural land use for farmers and their households and

communities, the greater society, and the planet.

Contrary to tillage-based farming systems, natural resources such as soil, water, and biodiversity are not degraded in CA

systems, but enhanced and improve over time. By reducing production costs while stabilizing, maintaining, or even

increasing yield levels, CA improves the economic sustainability of farm households. Through diversified production

systems, CA supports local supply of diversified food, gives small family farmers and rural entrepreneurs business

opportunities, and enhances with this the social structure of rural areas, reducing the trend to urbanization. In this way CA

is addressing sustainability in its three main areas—environmental, economic, and social.

Increasingly, CA is seen as a sustainable production base for climate smart agriculture and for carbon sequestration,

responding to food security needs and adapting to and mitigating climate change. The private sector corporations appear

more and more to provide support to agricultural transformation towards CA because it generally makes good business

sense.

However, it seems that local manufacturing companies would need to become increasingly involved in producing the

needed on-farm equipment and machinery for CA systems and associated supply chains. Many of the equipment and

post-harvest processing used in conventional agriculture are relevant for CA systems. However, no-till direct seeders

suited for all farm power and particularly for smallholder systems are an important area requiring further development. The

same is true for non-chemical, non-soil engaging tools for weed management, and mechanized solutions for harvesting

root and tuber crops with minimum soil disturbance.

The global CA movement is beginning to focus more on understanding the conditions necessary for mainstreaming CA,

which involves the alignment of national policies and institutions towards supporting the transformation of tillage

agriculture to CA systems but also engages in strategic research for improving the quality and performance of CA

systems. Where mainstreaming is occurring, such as in countries like Canada, the US, Brazil, Australia, China, and South

Africa, CA systems are able to play a bigger role for society in terms of sustainable food system and environmental

management. Increasing farmers income and creating greater wealth from agriculture, reducing cost of production and

consumer price of food, and enabling pro-poor development involving smallholder farmers and their communities
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(i) The presence of champions and pioneer farmers, and champion institutions and champion institutional leaders.

(ii) The presence of farmers coming together to form powerful farmer organizations for proactive actions and greater self-

reliance.

(iii) The presence of education, research, and innovation systems supported by new communication technology that have

aligned themselves to promoting the new paradigm.

(iv) The presence of governance that creates policies and institutional support for CA paradigm change.

increasingly contribute to sustainable food systems. Improved environmental management include providing ecosystem

services such as cleaner water and carbon sequestration, enhancing biodiversity, and lowering pollution levels and

flooding risks.

5. Sufficient Conditions for Scaling and Mainstreaming of CA

There are now several countries across the world where largescale adoption of CA has occurred. The top ten countries

are: Canada, the US, Brazil, Argentina, Paraguay, Spain, South Africa, Kazakhstan, China, and Australia. In a number of

these countries mainstreaming of CA is occurring. The word ‘mainstreaming’ means institutional and policy alignment in

support of CA adoption. This goes well beyond the initial adoption of CA and its scaling at the grassroots level. Countries

where CA is being mainstreamed include Canada, the US, Brazil, Argentina, Paraguay, Kazakhstan, China, and Australia.

For adoption of CA to become part of the national mainstreaming process, a set of necessary conditions must be

established to create the sufficient conditions or an enabling environment for achieving a national transformation. A

mainstreaming phase is essential to achieve a nation-wide paradigm shift.

The five necessary conditions for successful mainstreaming are :

Without

adequate numbers of individual and institutional pioneers and champions, including farmers and extension agronomists

and engineers, there will never be enough momentum to achieve and sustain an increase in the uptake of CA and

address the challenges that can be expected to arise. Thus, major efforts must be made to inspire new generations of

farmers, graduates, scientists, extension agents, institution heads, and stakeholders in the private, public, and civil sectors

to become engaged at all levels in generating the momentum for change and CA-based transformation and agricultural

development .

Little will happen to spread quality CA if farmers themselves do not take action to work together and empower themselves

and have a strong voice and visibility to accelerate the mainstreaming of CA in each country. Governments can provide

support in enabling farmers to come together and establish associations to capture economies of scale in many areas

within the value chains that would generate the momentum and efficiency in bringing about the needed agricultural

transformation. Equally, increased levels of government support in terms of development investments, research, and

extension can be used to enable farmers to establish associations in order to work together and improve their capacities

to gain or generate new knowledge, apply new methods including mechanization, and improve market access and

returns. In addition, working together, farmers can take advantage of delivering public goods to society more effectively in

response to incentives including payments for environmental services where extra costs to farmers may be involved. Such

public goods include clean water supply, reduction in flood risks, carbon sequestration, reduction in soil erosion and

biodiversity loss, etc. .

Throughout the world, there are universities offering courses on sustainability, environment, soil, climate change

adaptability and mitigation, climate smart agriculture, global food security and how to feed the world, and how to reduce

wastage. Only a small number of universities teach CA. The same lack of emphasis on CA systems and practices apply to

research and innovation and to new communication technology. Thus, students are exposed to facts, for example,

regarding the objectives of soil tillage or concepts of pest control, which in the light of experiences with CA systems can

be considered as myth or simply wrong . CA requires embracing and internalizing new knowledge and skills that can

be built in partnership with other knowledge systems. There is a need to build the skills, insights, and abilities of teachers

and learners at all education levels and to link these efforts with wider global and national social movements to empower

local self-reliant CA development efforts. It is thus important to establish long-term CA demonstration sites at the field

scale in such areas to generate evidence that regenerative and more productive community-based crop-livestock

management is possible and would benefit both crop farmers and livestock owners as well as reduce land degradation

and improve the overall environment .

Most countries

struggle with policies and institutional strategies to support a more sustainable way of farming. Only a handful of countries

have attempted to develop a governance structure that is providing continuous support to promote the adoption and
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(v) The presence of effective capacity for farmers and their associations to partner with the private sector in ways that

benefit both, as well as community and society at large, including nature.

spread of CA, and the public and private institutional support it needs to improve its quality, generate graduates with CA

knowledge, and promote CA participatory research and training. Unless national governance structure fully embraces and

supports CA institutionally and policy wise, it is not possible to nationally mainstream CA. Several countries now have

accepted CA at the national development policy level, which aligns institutions and resource allocation towards the

promotion of CA. This involves establishing networks of CA institutions of excellence, each comprising a complex of

collaborating institutions from the education, research, extension, and private sectors, and civil society all working closely

with farmers on CA scaling and maintaining the gains made while improving quality of CA systems .

Sustainable mechanization initiatives and extension support are needed to help minimize the use of agrochemicals, fuel,

and farm power while intensifying productivity and ecosystem services with CA. It is generally true that established CA

systems use considerably less seed, water, nutrients, pesticides, energy, and time compared to tillage systems, and with

increased productivity, they generate employment along the value chain. In countries where farmers and the private

sector have developed the capacity to partner effectively for sustainable agricultural development, mainstreaming support

for CA uptake is established along the entire value chain .

These five necessary conditions are useful in examining the prospects for success in the transformation from conventional

agriculture to CA along the value chain at the national level. Using these five criteria as a lens through which to look, one

might be able to see where the gaps or weak points are located at the institutional level, thus directing attention to where it

is needed.

Coming from the model of countries such as Brazil, Argentina, Paraguay, Uruguay, the US, Canada, Australia, and more

recently South Africa, Zambia, Kazakhstan, China, and Morocco, one can see that the policy and institutional environment

in the public and private sector for transformation of conventional tillage farming to Conservation Agriculture in countries

worldwide needs a fundamental reform .
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