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Dedication

This book is dedicated to the global Conservation Agriculture movement and all the stakeholders engaged in this movement who have successfully generated and sustained an international momentum to transform the unsustainable and out-of-date conventional tillage agriculture into the alternate paradigm of Conservation Agriculture, representing an ecosystem approach to regenerative sustainable agriculture. The book is particularly dedicated to all the Conservation Agriculture pioneer and champion farmers and their families, researchers and extension agents as well as all the champions in the national and international public, private and civil sectors who have dedicated themselves to mobilizing policy and institutional support for making Conservation Agriculture a global mainstream reality for sustainable development in the 21st century.


Foreword

These volumes are a timely celebration of the most progressive change in farming practices that has been set in motion during the past 60 years and which is gathering momentum around the world at an extraordinary pace.

For thousands of years, soil inversion, whether by hoe or plough, has been almost universally applied by farmers and seen as essential for the successful growing of annual crops. Tilling the soil buries weeds, loosens the soil to let roots penetrate easily and allows rainfall to sink in and become available to the crop. By burying crop residues, it may also interrupt the life cycles of crop diseases and pests.

However, as the frequency and depth of tillage has increased, the negative effects have become more obvious. Every time soil is dug or ploughed, its structure is broken up and it becomes increasingly at risk to water and wind erosion. The speed with which soil organic matter content falls is accelerated, causing the surface to become susceptible to crusting, thereby reducing rainfall infiltration and increasing run-off while also restricting moisture retention capacity in the plant rooting zone below the surface. These processes tend to make crops and soils more vulnerable to drought and can ultimately lead to farmland becoming so degraded that it is abandoned.

As we understand more about the processes of climate change, we are becoming increasingly aware of the extent to which frequent tillage also contributes to global warming. As the organic matter content of soil falls this reduces the capacity of farmed land to serve as a carbon sink. Moreover, soil inversion, whether manual or mechanical, is very heavy in its energy requirements, with tractor use forploughing accounting for a large share of the fossil fuel consumption in food production.

We are also belatedly learning that frequent soil inversion, especially when associated with heavy applications of pesticides, reduces soil biotic activity and undermines soil health with a corresponding fall in productivity.

The ‘dust bowl’ in the United States in the 1930’s awoke farmers and scientists to the damaging effects of excessive tillage but it was not until the 1960s that American farmers began to adopt various no-till systems to reduce wind and water erosion. These set a precedent for the progressive emergence in the following decades of Conservation Agriculture (CA) which consists of a combination of continuous no tillage with year-round biomass soil cover and crop associations and/or rotations involving cover crops – often legumes.

The USA continues to be the country with the largest area under CA (43.5 million ha in 2015/16 or 35.1% of its arable farming area). Its farmers’ associations are very active in pioneering new technologies, especially those related to the better use of cover crops in CA systems to increase Nitrogen availability and to cut herbicide dependence

One could claim that CA was ahead of its time in that it contains the main elements of what is now termed ‘sustainable agriculture’. Indeed, there is much to be learnt from the CA story of the past 60 years which is relevant to inducing the global shift that must urgently be made from the currently unsustainable food production and consumption systems to ones that are truly sustainable.

Five of such lessons from the CA experience are:

First. CA shows that fundamental changes in farming technologies – in this case, getting rid of the plough - can spread very rapidly throughout the world, in both developed and developing countries in which it is being taken up by large and small-scale farmers alike. The area of arable land under CA has grown from about 2 million ha in the USA in the early 1970s to 180 million ha (12.5% of global cropland) in 78 countries in 2015-16.

Secondly, the growth in CA uptake and the adaptation of CA methods to different ecological and societal conditions has been driven largely by practitioners, especially innovative farmers and machinery and hand-tool manufacturers. Approaches to CA are constantly evolving and new developments are being openly shared between all those involved. The more that farmers find that CA can boost their incomes, the faster will be the pace of change.

Thirdly, formal research has been important in developing new approaches to CA but most studies have been focussed on identifying the impact of the shift to CA on crop performance; the physical and biological conditions of soils; global warming, and farm incomes. Such validation studies have help boost the case for policy support for CA.

Fourthly, in most countries, however, CA has so far spread between farmers without explicitly supportive government policies. It seems certain that the rate of diffusion can be accelerated by targeted incentives (for instance, subsidies on appropriate machinery and equipment, payments to farmers for soil carbon accumulation and enhancement of water resources) and improvements in agricultural extension.

Lastly, although international agencies such as FAO have only invested quite small resources in CA, they have played a valuable catalytic role, mainly by promoting exchanges of experiences between practitioners, countries and regions and nurturing the emergence of regional promotional institutions. FAO has placed CA at the core of its vision for sustainable food and agriculture which calls for “a world in which food is nutritious, safe and accessible for everyone, where natural resources are managed sustainably, and where rural dwellers have decent livelihoods and contribute actively to economic development”. FAO has also sponsored the foundation of a CA Community of Practice (COP) which shares new developments between its many members.

Although my own country, China, carried out trials on zero tillage from the 1980s, it was only after the turn of the century that the promotion of CA was adopted as a national priority. As a result, there has been a very rapid growth in the area under CA from just a few ha in 2002 to 9 million ha in 2015. The results have been good in terms of yield increases, especially for maize, and of reductions in erosion and river sedimentation. The government, therefore, intends to take additional measures to boost farmer uptake of CA including the recent creation of the China Institute for Conservation Tillage, technical support for the manufacture of improved machinery, subsidies for the provision of eco-systems services by farmers, and improvements in agricultural extension. It also intends to enhance the benefits of CA by linking its promotion to other aspects of its sustainable development agenda including Integrated Pest Management (IPM).

This edifying book is a compendium of much of what we have learnt across the world about CA. Its authors have all been deeply and enthusiastically involved in one way or another in the remarkable evolution and spread of Conservation Agriculture in recent decades. It will serve as an immensely valuable source of reference – and inspiration - for all those who are committed to putting the world’s food systems on a truly sustainable footing.

It is with great pleasure, therefore, that I commend this book to you,

by Qu Dongyu,
Director General, UN Food and Agriculture
Organization (FAO), Rome


Foreword

Conservation Agriculture (CA) and its community of practice have made tremendous strides in the last two decades, particularly since the modern version of CA as we know it today was defined by FAO at its first Regional Workshop on CA in Harare, Zimbabwe in 1998. The term CA was globalized through the 1st World Congress on Conservation Agriculture organized by ECAF in partnership with FAO in 2001 in Madrid, Spain. In 1999, the global spread of CA stood at about 45 M ha of cropland with some 10 countries in which CA was being practiced and promoted. In 2008/09, the global spread of CA was about 106 M ha of cropland across some 36 countries, corresponding to an annual rate of expansion of about 6.1 M ha. In 2015/16, the global spread of CA was some 1801 M ha of cropland, split about equally between the Global South and the Global North, involving 78 countries. This corresponds to an annual rate of increase of some 10.5 M ha, a spectacular rate of transformation, led mainly by farmers and their associations with support from national and international champions and enthusiasts, many on a voluntary basis, and some national and international institutions. Although the spread of CA in the 1990s and 2000s was led by countries in North and South America and Australia, the spread of CA since 2008/09 across Europe (including Russia and Ukraine), Asia and Africa has been accelerating, making the transformation from conventional tillage agriculture to CA a truly global phenomenon.

The Green Revolution of the 1960s and 1970s was based on production intensification of wheat and rice, and later maize, relying on the unsustainable intensive tillage-based agriculture and expensive production inputs which brought short-term benefits to some types of farmers only in a handful of countries. The Green Revolution agriculture lost its effectiveness and appeal in the 1990s due to the unacceptably high negative economic, environmental and social impact as well as due to the loss of control by farmers of their own affairs related to production management and capital investment. The alternate CA revolution on the other hand has involved all types of smallholder and large-scale farmers, men and women, and rich and poor farming households, in all major land-based agro-ecologies in all continents. It has brought to the rural communities and society at large a wide range of productivity, economic, environmental and social benefits which cannot be harnessed with the conventional Green Revolution agriculture.

The expansion in area of CA across the world and the increase in number of smallholders adopting CA has benefitted from the growing support of the international research and development community including FAO, IFAD, World Bank, EU, CIRAD, and CGIAR as well as from many national and local level research and extension systems including NGOs, farmer associations and private sector service providers. Overall, the spread of CA since the very beginning has largely been led by farmers. Initially this was in response to the need to minimize soil erosion and land degradation, but soon this became a strategy to build and maintain soil health and productivity, reduce the high cost of production and diminishing returns, harness ecosystem services for society and nature, address climate change, and support pro-poor sustainable agricultural development strategies.

The CA Community of Practice is made up of many stakeholders and champions including farmers and their families, extension workers, development experts, researchers and academics, heads of institutions, policy analysts and decision-makers, as well as national and regional CA associations. Collectively, they have provided the pioneers and champions and support that keeps generating and sustaining the momentum to what has now become a global phenomenon, transforming conventional tillage-based agriculture into CA as the basis for sustainable agriculture and land use intensification. At the same time, they have generated enormous amount of new knowledge, formal and experiential, as well as scientific and empirical evidence, regarding CA science and systems, CA practice and benefits and CA adoption and spread. All this knowledge and evidence constitutes the new understanding about regenerative and sustainable agriculture and represents the desire by the CA Community of Practice to move away for the degrading paradigm of tillage-based Green Revolution agriculture to the alternative paradigm of CA.

In light of the above, I was easily persuaded by the publisher Burleigh Dodds Science Publishing to take up the challenge of editing this book ‘Advances in Conservation Agriculture’ to bring together the latest state-of-the-art global knowledge and development-oriented information about CA science and systems, practice and benefits and adoption and spread. This book is purposely not designed to be a theoretical debate about what scientists and academics with no practical experience of real farming or of CA think about CA and how CA is performing internationally. Global scientific and empirical evidence speaks volumes about the productivity, economic, environmental and social attractiveness of CA to farmers in all continents. Globally, the rate of adoption of CA is accelerating but much remains to be explained in terms of the superior performance of CA, and also much remains to be innovated in the coming decades to maximize the wide range of benefits offered by CA to farmers, society and the natural world.

The past and current research on CA reviewed in this book is aimed at being of value to all CA stakeholders, including students, especially in the practical context of addressing global challenges related to sustainable development with effective solutions. This is particularly true in the adoption of strategies dealing with: sustainable production intensification, climate smart agriculture, regenerative agriculture, agroecology, and restoration of degraded lands including biodiversity and land-mediated ecosystem services. Thus, this book is a contribution to making sustainable agriculture development real globally. This would not have been possible without the extraordinary help of colleagues and field experts from the global CA Community of Practice who have been involved over many years in championing and bringing about the ongoing and accelerating global CA revolution. More than 120 authors based in more than 30 countries have made this book possible, building their respective chapters on the vast amount of global evidence and knowledge that is now available regarding the superior global performance of the alternate ecologically sustainable paradigm of CA.

In the longer run, the expanding knowledge and education system globally must become fully engaged in generating the future human and institutional capacity and appropriate new mindset to underpin and sustain the process of mainstreaming the CA paradigm as a core component of the much-needed sustainable global food and agriculture system. Mainstreaming of any alternate paradigm in any field requires that all the relevant public, private and civil sector institutions and policies must align themselves behind it and ensure the necessary strategic and practical support to sustain its evolution. It is hoped that the information contained in this book will contribute to more rapid mainstreaming of CA globally by inspiring and generating increasing number of stakeholders and champions, particularly youngsters with practical training of CA, to become engaged in the promotion of CA as a foundation for sustainable agricultural development.

Note

1 In 2018/19, the total CA cropland area increased to 205 M ha, spread across 102 countries.
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 1Introduction

Chapter 2 in Volume 1 provided a detailed description of the development of Conservation Agriculture (CA) globally and included national CA cropland areas for 2008/09, 2013/14 and 2015/16 (Kassam et al., 2020). The total cropland area of CA for these three update years was 106.5 M ha, 156.7 M ha and 180.4 M ha, respectively. This brief chapter provides an update of the CA cropland area for 2018/19 based on the national CA area information provided in the national and regional chapters of this third volume and the values published at the CA-Global website (https://www.ca-global.net).

This volume is about the adoption and spread of CA at the national and regional level covering all the area in the world where CA has been promoted to replace tillage-based agriculture. In this context, this chapter provides a brief overview of the global, regional and national status of the adoption and spread of CA including an update of the CA adoption estimates.

 2Global and regional adoption and spread

The historical chart of CA uptake at the global level is shown in Fig. 1. The transformation of conventional tillage-based agriculture began in the 1930s after the ‘Dust Bowl’ that shook the farming communities in the mid-west of the United States and the scientific community to rethink what was not going right with farming, particularly with regards to soil conservation.




Figure 1 Historical chart of CA uptake at the global level (Source: Kassam et al., 2021).

Minimization of soil disturbance with stubble mulching was a major breakthrough in the understanding of how the objective of crop production intensification could be combined with the objective of soil and water conservation at the practical level by farmers.

Initially, the intentions were to eliminate the erosion problem of tillage, for which the term conservation tillage became popular determining the minimal necessary soil cover with crop residues to reduce the erosion to acceptable levels. It took few more years before the concept of tilling the soil was questioned per se, not only for the erosion problems it created but also for other types of soil degradation processes it accelerated. Only in the late 1960s, it became obvious that no-till seeding through stubbles and crop biomass cover was the way to avoid or eventually reverse soil degradation and erosion. Yet, like the problems with climate change, the general global public is not aware that the ongoing soil degradation caused by tillage is putting the survival of humankind on this planet at risk.

The global total CA cropland area in 2018/19 is about 205.4 M ha, corresponding to about 14.7% of the total global cropland, with the spread being more or less equally split between the Global South (50.5%) and the Global North (49.5%). Overall, the increase in the global CA cropland area since 2008/09 has continued at an annual rate of about 10 M ha, from 106.5 M ha in 2008/09 to 205.4 M ha in 2018/19. Prior to that, the annual rate was about 5 M ha during the period 1990–2008/09. In 1990, the CA area of cropland was 11 M ha, and in 2000, the CA area was 67 M ha.

The information on the global spread of CA cropland area by regions in 2008/09, 2013/14, 2015/16 and 2018/19 is shown in Table 1 (Kassam et al., 2021). The global CA cropland area increased by 98.9 M ha or 92.9% from 106.5 M ha in 2008/09 to 205.4 M ha in 2018/19. The change in the CA cropland area in the different continents since 2008/09 has been 67.5% (from 49.6 M ha to 83.0 M ha) in South America, 64.8% (from 40.0 M ha to 65.9 M ha) in North America, 91.5% (from 12.2 M ha to 23.3 M ha) in Australia and New Zealand, 68.00% (from 0.1 M ha to 6.9 M ha) in Russia and Ukraine, 259.0% (from 1.6 M ha to 5.6 M ha) in Europe, 566.5% (from 2.6 M ha to 17.5 M ha) in Asia and 547.8% (from 0.5 M ha to 3.1 M ha) in Africa.

Table 1Global spread of CA cropland area (‘000 ha) in different regions for 2008/09, 2014/15 and 2018/19 and corresponding percent change (Kassam et al., 2021)




	
Region


	
CA cropland area2008/09


	
CA cropland area2013/14


	
CA cropland area2015/16


	
CA cropland area2018/19


	
Percent change in CA area since 2015/16


	
Percent change in CA area since 2013/14


	
Percent change in CA area since 2008/09


	
Percent CA cropland area in the region 2018/19







	
South and Central America


	
49 564.10


	
66 377.00


	
69 895.00


	
82 996.18


	
18.7


	
25.0


	
67.5


	
68.7





	
North America


	
40 003.80


	
53 967.00


	
63 181.00


	
65 937.22


	
4.4


	
22.2


	
64.8


	
33.6





	
Australia and New Zealand


	
12 162.00


	
17 857.00


	
22 665.00


	
23 293.00


	
2.8


	
30.4


	
91.5


	
74.0





	
Russia and Ukraine


	
100.00


	
5200.00


	
5700.00


	
6900.00


	
21.1


	
32.7


	
6800.0


	
4.5





	
Europe


	
1560.10


	
2075.97


	
3558.20


	
5601.53


	
57.4


	
169.8


	
259.0


	
5.2





	
Asia


	
2630.00


	
10 288.65


	
13 930.20


	
17 529.02


	
25.8


	
70.4


	
566.5


	
3.6





	
Africa


	
485.23


	
993.44


	
1509.24


	
3143.09


	
108.3


	
216.4


	
547.8


	
1.1





	
Total


	
106 505.23


	
156 759.06


	
180 438.64


	
205 400.04


	
13.8


	
31.0


	
92.9


	
14.7







The global CA cropland increased by some 48.6 M ha or 31.0% since 2013/14 from 157 M ha to 205.4 M ha in 2018/19. The change in the CA cropland area in the different continents since 2013/14 has been 25.0% (from 66.4 M ha to 83.0 M ha) in South America, 22.2% (from 54.0 M ha to 65.9 M ha) in North America, 30.4% (from 17.8 M ha to 23.3 M ha) in Australia and New Zealand, 32.7% (from 5.2 M ha to 6.9 M ha) in Russia and Ukraine, 169.8% (from 2.1 M ha to 5.6 M ha) in Europe, 70.4% (from 10.3 M ha to 17.5 M ha) in Asia and 216.4% (from 1.0 M ha to 3.1 M ha) in Africa.

The global CA cropland increased by some 25 M ha or 13.9% since 2015/16 from 180 M ha to 205.4 M ha in 2018/19. The change in the CA cropland area in the different continents since 2015/16 has been 18.7% (from 69.9 M ha to 83.0 M ha) in South America, 4.4% (from 63.2 M ha to 65.9 M ha) in North America, 2.8% (from 22.7 M ha to 23.3 M ha) in Australia and New Zealand, 21.1% (from 5.7 M ha to 6.9 M ha) in Russia and Ukraine, 57.4% (from 3.6 M ha to 5.6 M ha) in Europe, 25.8% (from 13.9 M ha to 17.5 M ha) in Asia and 108.3% (from 1.5 M ha to 3.1 M ha) in Africa.

In 2008/09, some 4.77 M ha or 4.48% of the global CA area was in Europe (including Russia and Ukraine), Asia and Africa. By 2018/19, the area increased to 33.17% or 16.18% of total, on a larger global total CA area. During the past decade, larger percentage increases occurred in these regions, while the CA area continued to increase in the Americas and in Australia and New Zealand. In South America, the total CA area is approaching 70% of the total regional cropland area, and in Australia and New Zealand, the CA area is approaching 75% of the total cropland area.

 3Conservation Agriculture adoption at national level

Historical development of no-till systems and the modern version of CA that has been promoted over the past three decades are documented in the study by Kassam et al. (2019, 2020) and updated at the national level in the CA-Global website. Extent of adoption of CA area by country for 2008/09, 2013/14 and 2018/19 is shown in Table 2.

Table 2Extent (‘000 ha) of adoption of CA worldwide by country in 2008/09, 2013/14, 2015/16 and 2018/19




	
No


	
Country


	
CA area2008/09


	
CA area2013/14


	
CA area2015/16


	
CA area2018/19







	
1


	
United States


	
26 500.00


	
35 613.00


	
43 204.00 


	
44 049.00





	
2


	
Brazil


	
25 502.00 


	
31 811.00


	
32 000.00


	
43 000.00





	
3


	
Argentina


	
19 719.00


	
29 181.00


	
31 028.00


	
32 907.00





	
4


	
Canada


	
13 481.00


	
18 313.00


	
19 936.00


	
21 739.00





	
5


	
Australia


	
12 000.00


	
17 695.00


	
22 299.00


	
22 927.00





	
6


	
Paraguay


	
2400.00


	
3000.00


	
3000.00


	
3158.00





	
7


	
Kazakhstan


	
1300.00


	
2000.00


	
2500.00


	
3000.00





	
8


	
China


	
1330.00


	
6670.00


	
9000.00


	
9000.00





	
9


	
Bolivia


	
706.00


	
706.00a


	
2000.00


	
1858.03





	
10


	
Uruguay


	
655.10


	
1072.00


	
1260.00


	
1278.00





	
11


	
Spain


	
650.00


	
792.00


	
900.00


	
1000.00





	
12


	
South Africa


	
368.00


	
368.00a


	
439.00


	
1607.08





	
13


	
Germany


	
354.00


	
200.00


	
146.00


	
352.89





	
14


	
Venezuela


	
300.00


	
300.00a


	
300.00b


	
300.00+





	
15


	
France


	
200.00


	
200.00a


	
300.00


	
720.00





	
16


	
Finland


	
200.00


	
200.00


	
200.00


	
120.00





	
17


	
Chile


	
180.00


	
180.00a


	
180.00b


	
180.00+





	
18


	
New Zealand


	
162.00


	
162.00a


	
366.00


	
366.00+





	
19


	
Colombia


	
102.00


	
127.00


	
127.00b


	
127.00+





	
20


	
Ukraine


	
100.00


	
700.00


	
700.00b


	
900.00





	
21


	
Italy


	
80.00


	
380.00


	
283.92


	
432.00





	
22


	
Zambia


	
40.00


	
200.00


	
316.00


	
552.67





	
23


	
Kenya


	
33.10


	
33.10 a


	
33.10b


	
33.10+





	
24


	
UK


	
24.00


	
150.00


	
362.00


	
562.00





	
25


	
Portugal


	
25.00


	
32.00


	
32.00b


	
47.05





	
26


	
Mexico


	
22.80


	
41.00


	
41.00b


	
149.22





	
27


	
Zimbabwe


	
15.00


	
90.00


	
100.00


	
100.00c





	
28


	
Slovakia


	
10.00


	
35.00


	
35.00b


	
365.00





	
29


	
Sudan


	
10.00


	
10.00 a


	
10.00b


	
10.00+





	
30


	
Mozambique


	
9.00


	
152.00


	
289.00


	
289.00c





	
31


	
Switzerland


	
9.00


	
17.00


	
17.00b


	
11.02





	
32


	
Hungary


	
8.00


	
5.00


	
5.00b


	
24.29





	
33


	
Tunisia


	
6.00


	
8.00


	
12.00


	
14.00





	
34


	
Morocco


	
4.00


	
4.00


	
10.50


	
12.83





	
35


	
Lesotho


	
0.13


	
2.00


	
2.00


	
2.00+





	
36


	
Ireland


	
0.10


	
0.20


	
0.20


	
3.66





	
37


	
Russia


	
–


	
4500.00


	
5000.00


	
6000.00





	
38


	
India


	
–


	
1500.00


	
1500.00b


	
3500.00





	
39


	
Malawi


	
–


	
65.00


	
211.00


	
211.00c





	
40


	
Turkey


	
–


	
45.00


	
45.00


	
100.00





	
41


	
Moldova


	
–


	
40.00


	
60.00


	
180.00





	
42


	
Ghana


	
–


	
30.00


	
30.00b


	
235.00





	
43


	
Syria


	
–


	
30.00


	
30.00b


	
30.00+





	
44


	
Tanzania


	
–


	
25.00


	
32.60


	
32.60c





	
45


	
Greece


	
–


	
24.00


	
24.00b


	
110.50





	
46


	
Korea, DPR 


	
–


	
23.00


	
23.00b


	
23.00+





	
47


	
Iraq


	
–


	
15.00


	
15.00b


	
12.00





	
48


	
Madagascar


	
–


	
6.00


	
9.00


	
9.00c





	
49


	
Uzbekistan


	
–


	
2.45


	
10.00


	
120.00





	
50


	
Azerbaijan


	
–


	
1.30


	
1.30b


	
37.50





	
51


	
Lebanon


	
–


	
1.20


	
1.20b


	
1.20





	
52


	
Kyrgyzstan


	
–


	
0.70


	
50.00


	
60.00 





	
53


	
Netherlands


	
–


	
0.50


	
7.35


	
17.50





	
54


	
Namibia


	
–


	
0.34


	
0.34b


	
0.80





	
55


	
Belgium


	
–


	
0.27


	
0.27


	
0.27+





	
56


	
Pakistan


	
–


	
–


	
600.00


	
1320.00





	
57


	
Romania


	
–


	
–


	
583.82


	
583.82c





	
58


	
Poland


	
–


	
–


	
403.18


	
403.18c





	
59


	
Iran


	
–


	
–


	
150.00


	
300.00





	
60


	
Estonia


	
–


	
–


	
42.14


	
42.14c





	
61


	
Czech Republic


	
–


	
–


	
40.82


	
40.82c





	
62


	
Austria


	
–


	
–


	
28.33


	
28.33c





	
63


	
Lithuania


	
–


	
–


	
19.28


	
19.28c





	
64


	
Croatia


	
–


	
–


	
18.54


	
18.54c





	
65


	
Bulgaria


	
–


	
–


	
16.50


	
16.50c





	
66


	
Sweden


	
–


	
–


	
15.82


	
26.00





	
67


	
Latvia


	
–


	
–


	
11.34


	
11.34c





	
68


	
Uganda


	
–


	
–


	
7.80


	
7.80c





	
69


	
Algeria


	
–


	
–


	
5.60


	
7.00





	
70


	
Denmark


	
–


	
–


	
2.50


	
38.50





	
71


	
Slovenia


	
–


	
–


	
2.48


	
26.00





	
72


	
Bangladesh


	
–


	
–


	
1.50


	
1.50





	
73


	
Swaziland


	
–


	
–


	
1.30


	
0.80





	
74


	
Tajikistan


	
–


	
–


	
1.20


	
5.00 





	
75


	
Vietnam


	
–


	
–


	
1.00


	
1.00c





	
76


	
Cambodia


	
–


	
–


	
0.50


	
0.50c





	
77


	
Laos


	
–


	
–


	
0.50


	
0.50c





	
78


	
Luxemburg


	
–


	
–


	
0.44


	
0.44c





	
79


	
Cyprus


	
–


	
–


	
0.27


	
0.27c





	
80


	
Peru


	
–


	
–


	
–


	
2.89





	
81


	
Nepal


	
–


	
–


	
–


	
1.00





	
82


	
Armenia


	
–


	
–


	
–


	
0.30





	
83


	
Georgia


	
–


	
–


	
–


	
0.19





	
84


	
Belarus


	



	



	



	
400.00





	
85


	
Jordan


	
–


	
–


	
–


	
0.20





	
86


	
El Salvador


	
–


	
–


	
–


	
4.05





	
87


	
Guatemala


	
–


	
–


	
–


	
10.00





	
88


	
Honduras


	
–


	
–


	
–


	
171.00





	
89


	
Nicaragua


	
–


	
–


	
–


	
0.21





	
90


	
Sri Lanka


	
–


	
–


	
–


	
0.05





	
91


	
Burkina Faso


	
–


	
–


	
–


	
1.00





	
92


	
Cameroon


	
–


	
–


	
–


	
2.00





	
93


	
Myanmar


	
–


	
–


	
–


	
0.02





	
94


	
Rwanda


	
–


	
–


	
–


	
0.25





	
95


	
Burundi


	
–


	
–


	
–


	
0.20





	
96


	
Malaysia


	
–


	
–


	
–


	
7.50





	
97


	
Philippines


	
–


	
–


	
–


	
6.75





	
98


	
Timor Leste


	
–


	
–


	
–


	
1.00





	
99


	
Guinea


	
–


	
–


	
–


	
0.40





	
100


	
Ethiopia


	
–


	
–


	
–


	
7.50





	
101


	
DR Congo


	
–


	
–


	
–


	
2.06





	
102


	
Niger


	
–


	
–


	
–


	
5.00





	



	
Total


	
106 505.23


	
156 738.96


	
180 438.64


	
205 400.04





	



	
Percent difference


	



	
47.17 since 2008/09


	
69.42 since 2008/0915.12 since 2013/14


	
92.85 since 2008/0931.05 since 2013/1413.83 since 2015/16








a 2013/14 values taken from 2008/09.


b 2025/16 values taken from 2013/14.


c 2018/19 values taken from 2015/16.

Source: Estimates obtained from the CA-Global website (https://www.ca-global.net/ca-stat).

In 2008/2009, the global CA area was spread over 36 countries. In 2013/14, the number of countries with CA area had increased to 53 and in 2015/16 to 77. In 2018/19, the number of countries with CA area had increased to 102. The corresponding increases in the number of countries from 2008/09 to 2018/19 were from 8 to 13 in South and Central America, from 11 to 31 in Europe, from 2 to 26 in Asia and from 9 to 25 in Africa. This shows that much greater interest is being shown for CA systems in recent years by farmers globally in every region. Also, the extent of support from public sector institutions and governments, although modest, has been increasing steadily. New countries taking up CA adoption are mainly in Central America, Europe, Africa, West Asia, South Asia and Southeast Asia. This trend is expected to continue, benefitting increasing number of smallholder farmers.

Globally, the 10 lead CA countries are the United States, Brazil, Argentina, Australia, Canada, China, Russia, India, Paraguay and Kazakhstan. In South and Central America, the lead five countries are Brazil, Argentina, Paraguay, Bolivia and Uruguay; in Europe, the lead countries are Spain, France, Romania, United Kingdom and Italy; in Africa, South Africa, Zambia, Mozambique, Ghana and Malawi; and in Asia, the lead countries are China, India, Kazakhstan, Pakistan and Iran.

 4Global Conservation Agriculture cropland goal for 2050

The focus of the eighth World Congress on Conservation Agriculture in June 2021 was on the ‘Future of Farming: Sustainable and Profitable Farming with Conservation Agriculture’. The Congress was convinced that CA must be the mainstay of the shift that the world has to make urgently towards sustainable farming and food systems and that CA must become synonymous with sustainable farming for the future.

The Congress set a national goal for itself to increase the global CA cropland area to 50% of the total cropland by 2050, in particular to respond to the global challenge to mitigate the advancing climate change and land degradation. This represents an area of 700 M ha (WCCA, 2021). Achieving this goal would require increasing the annual rate of expansion in CA area by some 50%, to 15 M ha. It would also require a massive boost to the momentum of the global CA Community’s activities with a concentration on the following six themes:

1 Catalysing the formation of additional farmer-run CA groups in countries and regions in which they do not yet exist and enabling all groups to accelerate CA adoption and enhancement, maintaining high-quality standards.

2 Greatly speeding up the invention and mainstreaming of a growing array of truly sustainable CA-based technologies, including through engaging with other movements committed to sustainable farming.

3 Embedding the CA Community in the main global efforts to shift to sustainable food and governance systems and replicating the arrangements at local levels.

4 Assuring that CA farmers are justly rewarded for their generation of public goods and environmental services.

5 Mobilizing recognition, institutional support and additional funding from governments and international development institutions to support good-quality CA programme expansion.

6 Building global public awareness of the steps being taken by our CA Community to make food production and consumption sustainable.

 5Concluding remarks

The global burden of chronic crises includes food insecurity, climate change, loss of biodiversity, environmental degradation and unsustainable diets and human ill health. CA systems have a role to play in contributing to addressing all these crises. Increasingly, CA must be seen to be a central part of sustainable food systems and sustainable environmental management.

CA global community must continue its effort to not only improve the quality and performance of CA systems but also undertake strategic research that would allow CA systems to operate biologically or organically, utilizing minimum input of synthetic agrochemicals or avoiding them where possible. Already there are promising signs that such biological CA systems are possible, thus making it possible for more farmers to adopt CA-based organic farming.

Equally important is the need to support smallholder farmers transform their conventional systems into CA systems with sustainable mechanization support. Already many more smallholders globally are practicing CA than large-scale farmers. However, the needs of smallholder farmers must be given greater attention than in the past. Equally important is the need to make farming an area of opportunity for women and youth, and transformation of conventional agriculture to CA has much to offer towards this goal, particularly when integrating precision GPS-based practices and robotics in making farming more efficient and profitable as shown in volumes 1 and 2.

 6Where to look for more information

A general source of information on CA is the Food and Agriculture website (www.fao.org/conservation-agriculture) and so are the websites of the European Conservation Agriculture Federation (https://ecaf.org/), the Africa Conservation Tillage Network (http://www.act-africa.org/) and the Conservation Agriculture Alliance for Asia and Pacific (http://www.caa-ap.org/).

More information regarding the development of CA systems globally can be found in books and journals and on websites of national and regional CA organizations.

Books include Goddard et al. (2006), Baker et al. (2007), FAO (2011, 2016), Jat et al. (2014), Farooq and Siddique (2014), Chan and Fantle-Lepczyk (2015) and Dang et al. (2020). Nationally oriented information on CA development is available for several countries including Australia (Crabtree, 2010), Canada (Lindwall and Sonntag, 2010), Brazil (Junior et al., 2012; de Freitas and Landers, 2014), Argentina (Peiretti and Dumanski, 2014) and United States (Lessiter, 2018).

Lessiter (2011) provides a narrative on the 40 legends of the past in no-till farming in North America. The International Soil and Water Conservation Research published a special issue on pioneers in soil conservation and CA, which provides good information on the adoption of CA in several countries (Dumanski et al., 2014).

Proceedings of World Congresses on CA are a good source of historical and current information on CA research and adoption. Similarly, proceedings of Africa Congresses on CA provide good information on research and development work in Africa (Kassam et al., 2017; Mkomwa and Kassam, 2021). Websites of national and regional CA associations are a good source of CA information on adoption and spread as well as on research.
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 1Introduction

Canada is the second-largest country in the world with a band of agricultural land spanning across North America along the southern border of the country. Nearly 193 000 farms manage 38 million hectares of cropland (about 2.4% of total global cropland). The central portions mostly exhibit a humid continental climate with a slight semi-arid climate, while the west and east coastal regions exhibit a marine coastal climate. The largest block of cropland is the northern extent of the Great Plains, which constitutes 87% of the cropland in Canada. The heterogeneity of the agroclimatic areas and farm types results in diverse farming systems across the country.

As early as 1605, wheat, flax and vegetables were grown and livestock was pastured in the eastern provinces. Forests were cleared in southern Quebec and Ontario largely for mixed farming of livestock, pasture, cereals as well as fruits and vegetables through the 1700s and 1800s. The prairie lands were primarily a source of furs for Europe and eventually were used for grazing by cattle herds moving north from the United States. Cultivated agriculture started in the late 1800s with the development of a trans-national railway (completed in 1885), which brought settlers to the prairie region. Settlers in the initial period were found to follow the practice of summer fallow to provide more reliable crop yields in years of drought. This observation, along with further experimentation, prompted one of the early federal research station managers to promote the use of summer fallow and ‘dust mulch’ (Janzen, 2001). The alternate years of cultivation and summer fallow promoted the mineralization of organic matter and the uptake of nutrients by the commercial crops. Janzen’s (2001) review of early literature shows that one-quarter to one-third of topsoil organic matter was lost in the first few decades after the cultivation of the prairie grasslands.

Along with intensive cultivation for seedbed preparation, weed control, nutrient release and dust mulch came soil degradation, which exacerbated losses from wind, water and tillage erosion depending on the location in Canada and the landscape morphology. This resulted in topsoil being degraded, moved downslope or removed from fields altogether. Gregorich and Anderson (1985) examined prairie toposequences in native and varying ages of cultivation and found nitrogen losses in the order of 80% and carbon losses of greater than 600 kg ha−1 yr−1. The erosion and degradation were a matter of concern for governments and some farmers. Prompted by the rapid increase in the erosion of the degraded soils and resultant desertion of farm land in the ‘Dirty Thirties’, the Canadian government formed the Prairie Farm Rehabilitation Administration (PFRA) through an Act of Parliament in 1935. The main management practices to mitigate erosion were strip-cropping and shelterbelts. Cultivation and cropping continued much the same as before.

At the same time, another national institution that promoted summer fallow on the prairies through its policy was the Canadian Wheat Board (CWB). Farmers on the prairies were required to sell wheat and barley to the CWB, which then became a single-selling desk to attract best prices on international markets. Farmers were assigned an annual sales quota based upon the amount of cultivated area they raised crops on. If some of that land was in summer fallow, they could quickly sell all of the crops from the seeded acres, a key driver in years of high yields. Hence, keeping land in fallow ensured that farmers sold high-yielding crops without delays. Although the name implied national coverage, the jurisdiction focus was on the prairie region. The CWB was disbanded, and controlling interest was sold to the private sector in 2015 in response to the political and farmer pressure wanting expanded choices to market grains.

In the dry areas of the prairies, summer fallow was practised on alternate years, barren of crops half of the time (one crop per year), thus keeping the mining or mineralization of nutrients as well as the structural degradation of the soil significant. In more moist regions of the prairies, the land was often summer fallowed every third year. After decades, soils became infertile and poorly structured. Erosion processes removed topsoil completely or redistributed it within fields, increasing field variability. By 1980, it was estimated that non-eroded cultivated soils had lost up to 30% of the original organic matter and eroded soils lost up to 53% (Anderson, 2008). Although summer fallow was predominant in the prairie region, it was not unheard of elsewhere. The prairie region was known for erosive wind and rainy weather, while Ontario had more erosive rainstorms and tillage erosion from plowing and row crop culture.

In Ontario, agriculture up until the 1940s consisted largely of mixed farming operations of both livestock and crops. Farm fields were small, and the crop mix was largely pasture and small grains. Crop rotations were long, and fields were plowed or tilled infrequently. Soil organic matter levels were relatively high, and thus soil erosion was not a widespread issue. Even though this was generally the case, the soil surveyors of those days began to have concerns about the soil. The two southwestern counties experienced more intensive cropping than the rest of the province. The Essex Soil Report, surveyed in 1939, expressed concern about the geographically dominant fine-textured soils, stating that ‘in an area where there is a high concentration of row crops (tobacco, tomatoes, corn, etc.) the organic matter content of the surface soil has been lowered (Richards et al., 1949). This in turn has destroyed the soft, mellow crumb and granular structure that prevailed under natural conditions’. Soon after the Second World War, there was an increased emphasis on soil conservation.

Van Vliet (1981) presented reasons why soil erosion was on the increase in central (Ontario) Canada:

•  increase in the provincial corn acreage by 45% from the late 1960s to the mid-70s;

•  the farm consolidation programme in the 1970s that removed fence rows to produce longer fields;

•  larger equipment leading to soil compaction and reduced infiltration; and

•  the intensive farming of leased land or land adjacent to urban centres without regard for soil loss.

Annual fall plowing to establish corn (i.e. continuous corn) began to deplete organic matter levels and leave soils exposed over winter and early spring.

By the 1970s, soil erosion became a significant issue. Water erosion created rills and gullies in fields; in the worst-case scenario, it washed soil across roads into other fields. Every spring, the rills and gullies had to be filled and levelled through cultivation before the crop could be planted. Wind erosion was also a significant problem, especially in the lighter textured areas of the province. In some springs, wind erosion was so severe that the soil drifted across roads – requiring it to be cleared off by snow removal equipment. Traffic had to be slowed to a crawl as visibility was reduced to near zero at times. The damage to crops was often devastating, especially to horticultural crops. Young plants were severely sandblasted or cut off at the ground.

In addition to wind and water erosion, farmers and extension staff had noticed the evidence of acute soil loss from knoll and crest slope positions on fields with variable topography. Research in the 1980s confirmed that annual primary and secondary tillage passes had scraped topsoil (A horizons) and subsoil (B horizons), exposing (most often – high lime and high pH) parent materials (C horizons) on fields with rolling, hummocky and undulating slope configurations. In most cases, the surface soils were re-deposited in level and depressional areas downslope from the points of removal, as evidenced by buried topsoil in these field locations. However, water erosion did work in concert with tillage erosion, causing the soil to be lost from the field and, where surface waters were close, into adjacent watercourses causing pollution of the watercourses and ultimately the lower Great Lakes.

Driver and Wall (1982) reported study results indicating that on row crop land the total annual erosion costs attributable to yield and nutrient and pesticide losses are approximately $68 million, with more than 80% of the costs occurring in the southern and western regions of Ontario. Water erosion costs represent about 98% of the damages, with wind erosion accounting for the remainder. An additional $6 million was added for drainage maintenance costs.

As a strong response to the significant impact of erosion on the long-term productivity of soils and on water quality, the society and the agricultural community adopted and strengthened its approaches for conserving soil and nutrients to improve productivity and reduce its impact off-site. The need to change agricultural practices to protect soils and the environment became a social concern of the public at large. Farmers became aware of the long-term and complex impacts of degraded fields and that their reputation as stewards of the land was diminishing in the eyes of the public.

This brief glance back into history to the beginning of cultivation brings us to the latter part of the twentieth century when no-till (NT) and diverse cropping appeared. The chapter will review the roles played by farmers, organizations, researchers and policy in the adoption of Conservation Agriculture (CA) in Canada. It will end with a brief look at the current and future state of Conservation Agriculture.

We acknowledge the value of conversations we have had over the decades with farmers, academics, extension specialists and others involved in the growth of CA across Canada. Although the scientific literature does not cover all aspects or answer all questions regarding CA, we have augmented our knowledge on CA with personal experiences working as soil management specialists for provincial governments during the rapid growth of CA in Canada.

 2Farmers

Although the early movement of NT appeared in the 1980s, there is a record of a pioneer much earlier than that. C. S. Noble was a farmer in the southwestern prairie region farming from about 1904 onwards who at one point had the largest farm in the British Empire (nearly 15 000 hectares) but lost much of it to financers. He did recognize at that time how the soil degraded quickly under intensive cultivation and said, ‘take your soil seriously’, and being also a businessman and entrepreneur, he set about to develop a low-angle, wide-blade cultivator (‘Noble Blade’) that would cut off weeds but not turn the soil over, thus leaving the plant residue on the surface (Lindwall, 2010; Lafond et al., 2014; Smith, 2018). This saw some success in the dry parts of the prairie region but did not effectively control weeds in the moister regions.

Farmers are generally innovative but what can be a point of discussion is which comes first? Are farmers by nature innovative in order to excel at farming or does farming create innovative farmers? Farmers manage to achieve profitability through opportunities that increase production, that are of low cost, that save labour overall or at peak times, and that have fewer risks and lower stress. All the information they collect needs to be fitted to their particular circumstances of climate, natural resources and built infrastructure. It is up to them to do the fitting. Farmers need to look at the whole farming system, the integrated whole over space and time. The information they receive from institutions is often on specific or narrow topics – farmers are responsible for the integrative function. Innovative farmers kept the integrated view when looking at early proofs of NT and residue management practices.

Their integrative views made them very concerned about the land degradation caused by first-, second- and third-order effects of cultivation – the loss of organic matter, the loss of soil cover, increased erosion and landscape soil variability, weed issues and ultimately farm revenue and environmental risks. The ‘Dirty Thirties’ were still within the reach of memories of farmers or their grandparents , and they were sensitive either to the slowness in recovery or the possibility of a reoccurrence of catastrophic events. They remained alert to management practices or technologies that would mitigate the risks.

The early pioneers became aware of what one another was doing through word of mouth, farm organizations, extension generalists and the farm press and related media (the pre-Internet era). In Canada, there were a few staff at research stations, universities and extension services that saw possibilities with NT and tried to support the pioneer farmers within their existing capabilities for exploration. There was not much fanfare in the early days. Farmers and specialists quietly worked away exchanging ideas and experiences, recording successes and failures. In doing so, they expanded their unofficial networks in both numbers and geographies, which affirmed that innovation was widespread, and NT had a wide range of variations and applications.

In Ontario, early conservation tillage focused on spring plowing, modified moldboard plows, disc/coulter chisel plow (and various modifications) or a light disking on the sandier soils and some ridge-till on the clay soils. A few farmers experimented with NT in the latter part of the 1960s, but, generally, adoption was limited (Wall et al., 1985). Lobb (2011) reports an estimate of about 4000 acres to 6000 acres of zero tillage in 1970.

Lobb (2011) notes that serious erosion, financial hardship and better herbicides brought renewed interest in NT in the early 1980s. Progress towards NT made use of university residue removal experiments where some added that in-row tillage was found to be helpful. The necessity for crop rotation was confirmed by farmers. Farmers also learned that soil type was not usually a limiting factor for NT where drainage and soil condition was good. The focus shifted from tillage and tillage comparisons to tillage ‘systems development’.

The early adopters of NT faced many challenges. Tillage buried crop residues but with NT, there could be significant amounts of residue to plant through. The residue made it difficult for many conventional planters and drills to achieve good seed-to-soil contact and uniform depth of planting. This resulted in uneven emergence and reduced stands. The residue also kept the soils with higher clay content wetter and cooler in the spring delaying planting. Initially, NT equipment and/or modifications were not available or were in limited supply.

Early adopters met this challenge by modifying their equipment, such as adding coulters to the front of drills. With these modifications and the development of NT drills by several manufacturers, the acreage of NT cereals and soybeans began to increase across Ontario. NT winter wheat acreage increased rapidly as farmers saw the benefits of reduced labour requirements and timely planting after soybeans (Wall et al., 1985).

Planting success increased as farmers adopted a system of three coulters ahead of planter seed and fertilizer openers developed by farmer Ray Rawson of Michigan, United States,. A variety of coulter types, widths and configurations were used based on what worked best for the farm conditions. All of this improved the success of NT corn. Over time, as the soil improved, the crop could be planted with fewer coulters and less aggressive press wheels. Even with this, NT corn acreage did not get much above 10% of total corn acres. This was due to a perceived and sometimes real yield reduction for NT corn.

Many growers across the province and on all soil types were able to make NT work for most or all of their crops, and where NT corn was a challenge, growers used a rotational tillage system: 2 years planting soybeans and a cereal NT followed by minimum tillage or in some cases conventional tillage in the cereal stubble before corn. Others used some form of vertical tillage or in-row strip-tillage before corn.

Another challenge was a shift in weed spectrum from annual weeds to winter annuals and perennials. The significant reduction in the cost of glyphosate herbicide, used to kill weeds ahead of planting, and the development of new herbicides helped contribute to NT success.

NT adoption increased through the late 1980s and through the 1990s due to improved equipment and planter modifications, government incentives, research and extension support, reduced labour, fuel and often equipment costs. Adoption slowed in the 2000s as financial incentives and extension support were reduced.

Lobb (2011) quotes Jack Rigby, one of the early adopters, ‘In the early days, some likeminded people from across Southern Ontario were interested in preserving and improving their soil by changing the way they farmed. These were people who were prepared to throw away the rule book, examine every aspect of raising a crop and question the traditional wisdom, not afraid to make mistakes, willing to share their successes and their failures and in the end write a new rule book.’

Early farmers had little help with research and technical information or support in adopting CA, which changed quickly as more became involved. It is informative to be aware of positive and negative drivers that influenced early adopters.

 2.1 Positive drivers

• Observation and experience of success with NT and new cropping management (e.g. weed control) provided positive reinforcement to farmers.

•  Affirmation of doing the right thing by peers, researchers and specialists.

•  Support from local groups of innovative farmers as well as the farm organizations with a mandate for education and promotion of sustainable practices. The chance to connect across greater distances with like-minded farmers.

•  Recognition by scientists, specialists and governments (local, province, etc.) for their leading innovation at the farm level and at the research level.Enhanced partnerships and communication between farmers, subject matter specialists and researchers.

•  Financial incentives to support the adoption, development and research into soil conservation practices.

•  Farm equipment manufacturers and pesticide companies working to adopt or adapt new concepts to support conservation cropping systems.

 2.2 Negative drivers

• Cognitive biases: There are many at play and farmers or rural society as a whole have well-entrenched biases. Confirmation bias is ‘I told you it wouldn’t work’ as soon as a failure is seen – no need to investigate further. Confirmation and status quo biases were evident where farmers observed smooth clean-tilled fields as good management and signs of patchy residue, uneven stands or shorter crops as proof that CA was not working, regardless that yields at the end of the year were higher – yields are not as visible. Anchor bias exists after decades of tillage experience and is the tendency to reject any other option even when evidence indicates otherwise. Awada et al. (2014) found these biases were prominent in the prairie region.

•  Risk aversion: Farmers have an appetite for risk but also a risk aversion. The latter can be significant when a farmer is faced with something new whose risks cannot be easily calculated. As well some farmers have a lower ‘risk capacity’, that is, the ability to take on higher likelihood or magnitudes of risk, often related to finances. One way to mitigate this was to conduct a strip trial or trialling NT on only one field at first. Eventually, farmers could attend field days to obtain knowledge applicable to their farm circumstances.

 3Organizations

As farmers experienced early successes, they were eager to share that information with others they thought would be interested in it or with those that they perceived as innovative farmers. That sparked the growth of unofficial networks across Canada and into the United States. It should be noted that since much of the settlement and agriculture in Canada is near the Canada–USA border, the farmers often have similar local farming conditions in north-south geography rather than east-west across provinces. Thus, we have a history of trading agriculture ideas in both directions.

Canada has a provincial government system responsible for economic development, natural resources and agriculture that tend to favour provincial delineation of conservation farmer associations, especially with the larger provinces. Farmers realized there was potential for the growth of an organization; as a result, they often created some form of a governance structure – board, secretary, etc. Eventually, they became official or affiliated with a parent organization in order to handle external funding. A small amount of funding came from memberships, while more significant sources originated from government grants and contributions from industry.

Their roles were primarily to provide education and share knowledge between farmers. They supported field-scale research and demonstrations, produced extension documents and farmer field days and field tours (Lindwall and Sonntag, 2010). One innovative approach was equipment comparison at field days whereby manufacturers were invited to bring their latest planting equipment to a field location where they could be operated side-by-side, and farmers could walk the field and evaluate its performance first-hand. Another innovation in the early days of the internet was the development of a NT farmer registry (password-protected for registered users) to enable others to talk directly to farmers with the same field/climate conditions and equipment that applied to their circumstances.

Organizations also provided roles of linking with and encouraging researchers, academics and specialists. Farmers needed laboratory and research plot information to be applicable and relevant to field scales. Organizations could link the few interested researchers to farmers with experience and resolved their concerns or questions to guide research directions. Likewise, they could connect farmers to researchers through extension publications or facilitating tours to research stations. Education institutions (colleges and universities) had a point of contact and synthesis of farmer opinions and management changes, all of which were used to enrich curricula.

The enthusiasm and collaboration along with the challenging questions and need for objective assessments precipitated some developments at the provincial extension and research, educational institution level. One was the development of farmer field schools or diagnostic schools where participants (e.g. farmers, industry, students) could go to a field location to see a wide range of agronomic treatments and discuss them with the specialists. The presentation of all agronomic aspects encouraged systems thinking, an essential component in CA innovation. Another development was the resurgence of interest in field trialling. CA farmers wanted to do a better job of testing and evaluating on their own farms. The emergence of precision agriculture and complementary technologies in the 1990s carried that momentum to where we are today – a rich armory of tools to conduct field-scale research and demonstration and collaborate in data analysis.

In the late 1970s, the ManDak Zero Tillage Farmers Association was formed in Manitoba in association with North Dakota, United States, and generated the full range of extension material, including a comprehensive binder called the Zero Tillage Production Manual. In 1978, the Alberta Conservation Tillage Society was formed from the collaboration initiative of a leading farmer, federal scientist and provincial extension agent. Alberta also had a couple of other ad hoc organizations created for the administration of targeted partnership funding from the provincial government and industry sources, which accelerated adoption through extension and grants. In 1987, the Saskatchewan Soil Conservation Association (SSCA) was formed with government and industry support, collaborating with university and federal research scientists.

Several organizations contributed to the advancement of CA in Ontario. Two stand out, the Ontario Soil and Crop Improvement Association (OSCIA) and the Innovative Farmers Association of Ontario (IFAO).

In the early 1980s, OSCIA and their 52 local county associations began to evaluate conservation tillage. They worked together with the Ontario Ministry of Agriculture and Food (OMAF) to put in tillage trials and host several significant events. The Save our Soil Conference in 1980 was the first such conference organized by OSCIA, OMAF and the Ontario Agricultural College of the University of Guelph. It was followed by the Soil Today Food Tomorrow conference in 1983. ‘Till and Save’ conferences were put on by OMAF in 1982, 1983 and 1984 with guest speakers from Ontario, Canada and the United States to cover topics on NT, ridge-till, minimum till, crop rotation, cover crops, windbreaks, economics, weed, insect and disease control, fertility, erosion control and more. The organization continues to be active with its mission ‘To facilitate responsible economic management of soil, water, air and crops through the development and communication of innovative practices’. In 1987, the OSCIA was asked to administer the Land Stewardship Programme, a multi-million dollar programme, to encourage farmers to adopt conservation tillage with cost-share incentives. This was the first large-scale programme with a significant portion of the funding delivered by a farm organization. The programme division of the organization has gone on to deliver over 25 soil and environment-related programmes for the federal and provincial governments as well as other organizations.

At the same time, there were several individual farmers or groups across Ontario experimenting with conservation tillage. They began to influence others in their areas. Their thirst for knowledge on how to make NT and ridge-till work led to the formation of the Innovative Farmers Association of Ontario (IFAO) in 1986. Lobb (2011) reported that in the winter of 1986, an invitation-only workshop was organized by one of these farmers and OMAF. Invitations went to ‘Innovative Conservation Tillage Farmers’ where 22 farmers shared their experience on NT and ridge-till, and 24 researchers and extension staff provided support to the discussion. The workshops continued each year and eventually grew into an annual conference format and attendance peaked around 500 people in 1993 and 1994. The conference continues till today. The interactive sessions between farmers and speakers are often the most productive and have been a hallmark of IFAO. From early on until a number of years ago, summer tours were held visiting farms, research facilities, and agriculture industry facilities in Ontario, Quebec and several U.S. states. Many industry sponsors helped support the conferences and the organization. The organization continues to educate and promote sustainable agriculture through enhancing the soil, and it also works closely with researchers to help improve the quality of NT farming.

The real value of the Innovative Farmers has been their willingness to set the agenda for innovation, research and priorities for soil management. By collaborating and sharing, we accelerated the learning process and reduced the risk of failure. This fresh, positive approach attracted support from all quarters in agriculture.

Don Lobb, farmer

 4Research and extension

Canada has a history of good collaboration of farmers with research institutions (federal, provincial, universities). There have been joint memberships on advisory and development committees and cooperative reports and recommendations directed to policy and programme developers for support. There are seldom directives or official structures between the various institutions, collaboration relied upon the leadership of individuals.

Historically, each province had one agriculture university, at least in the early adoption period of CA. Presently, there are a few other universities that have some agriculture components. The universities had no official mandate to provide extension services as in some other countries. The staff of the prairie region universities was involved in NT planting, fertility, weed, pathology and rotation effect experiments. Network communications were maintained through contacts amongst the schools as well as federal and provincial research institutions. Each prairie province had annual soils and agronomy technical conference where information was shared and networks reinforced across all institutions. The Canadian Society of Soil Science (CSSS) also has annual meetings which fostered cross-institutional information and collaboration. Provincial soils and crops annual meetings include Alberta Soil Science Workshop, Saskatchewan Soils and Crops Workshop, Manitoba Soil Science Society meetings (links in Section 10, Where to look for further information).

Agriculture and Agri-Food Canada (AAFC) has a research branch with scientists distributed across Canada at various research facilities. They too developed research programmes for CA components and collaborated amongst their institutions as well as others (Acton and Gregorich, 1995). Provincial governments were more variable in their policies towards conducting or leading research, however, all were linked to researchers in other institutions through formal cooperative experiments or informal networks.

The provinces have agriculture colleges with 2-year programmes emphasizing practical and applied knowledge along with field skills. Although not significant centres of research, they collaborated with research institutions and were a very important conduit of information to students and leaders in curricula development.

Some provinces had their own research facilities co-located with federal sites or located in different areas. The three prairie provinces also collaborated on machinery testing facilities. It had been felt for some time that agriculture machinery needed comprehensive field testing to validate performance under farm conditions and to suggest improvements to the manufacturers. The Prairie Agriculture Machinery Institute had a facility in each province and divided the specialties amongst themselves – one would specialize in testing harvesters, another in seeders, etc. (https://pami.ca/who-we-are/). Their testing reports catalysed equipment improvements for CA by providing evaluation frameworks for farmers, comparative and standardized test results and, objective recommendations for improvements to the manufacturers.

Extension services have been the domain of provincial departments of agriculture, usually with a network of field/district and regional offices with specialists. Extension agents worked will all of the above players and farmer organizations to develop appropriate extension materials for CA across the media platforms accessed by farmers. Extension services also organized farmer tours to other provinces and developed farmer field schools and diagnostic field schools. CA information needs to underline the importance of developing these systems-approach extension platforms.

Cressman (1981) documented the concern about the need for erosion control on agricultural lands to protect soil productivity resulted in the Farm Planning service of the Ontario Agricultural College in the 1950s and early 1960s. Technical guidance was available to any farmer interested in applying conservation practices to his field operations. However, interest in the programme waned when chemical fertilizers emerged as the main source of plant nutrients. It was generally believed that it cost substantially less to replace with fertilizer the nutrients eroded from the field than it did to implement erosion control practices.

The University of Guelph, Ontario, conducted some zero-till (no crop residue moved off the row) research at the beginning in 1969 and shifted to exploring the NT residue removed from the row concept. This produced a distinct yield improvement, and the work also noted a crop rotation benefit for NT. Long-term tillage and rotation plots were established at the University of Guelph’s Elora research station in the early 1980s and, in 1995, at the Ridgetown research station. Weeds and problem weed control research in reduced and NT systems conducted by the University of Guelph (U of G) was a significant contributor to the success of these systems. Plant disease/tillage relationships were also studied. C.S. Baldwin conducted research in the 1970s and 1980s into the effects of wind erosion, the use of windbreaks and their yield benefits. Research continues to show that profitability for NT is the same or better than other forms of tillage even if the yield is slightly lower. Research continues with an emphasis on the benefits of cover crops in conservation agriculture as well as soil biological and physical studies.

The University of Guelph established a centre for soil and water conservation in 1988, which brought a sharp focus to the tillage–soil health relationship. In 1990, the Land Stewardship chair was established to support soil and water improvement activity.

Agriculture and Agri-Food Canada research at Delhi, Ottawa and Harrow stations in Ontario supported CA advancement as well. Long-term tillage and rotation plots were established at the three stations as well as weed control and cover crop trials. Changes over time in carbon and other soil properties were measured. Comparisons of energy use were also conducted for different tillage and planting operations. The research was used by provincial extension staff to support the adoption of conservation practices.

Research funding from cooperative federal-provincial programmes, such as the Soil and Water Environmental Enhancement Programme, helped fund conservation agriculture research at all the research and extension institutions as well as and private-sector researchers. Provinces also had their own agriculture funding sources (proposal-based projects), which could be leveraged with federal funding and private sector support from CA farmer organizations or the private sector.

Canada has been fortunate to have willing collaboration and leadership of staff across the various institutions of research, education and extension across governments and the private sector. Perhaps the fact that any one institution did not have many staff or adequate resources was the catalyst to encourage collaboration, share resources and think and reason together. The results of the collective synergies were far greater than the additive results without collaboration.

 4.1 An example of research diffusion

Passive (diffusion) or active (extension) transference of knowledge can occur through individual actions or through a planned campaign. The latter can be expensive, while the former is often cheaper but can have far-reaching and effective impact. One example of an individual’s efforts is that of Ben Dyck, a research and development engineer at a national agriculture research station in Swift Current, Saskatchewan during the early days of NT and CA development in Canada.

Ben used to develop plot seeding equipment for plant breeders and conduct agronomic research in CA while situated in the dry-prairie region of western Canada. In the late 1970s, he worked with his predecessor Hank Anderson and new research engineer Wayne Lindwall to develop a planter with minimal soil disturbance. They ended up with a prototype that worked reasonably, a double disk arrangement with a 12-inch disk mounted back of centre against a 15-inch disk. They took it to the provincial farm exhibition (Regina, Saskatchewan) in the early 1980s, where it was exposed to the curious and innovative farmers. They then built a 10 foot (3 m) wide planter from the ground up that had a hydraulic trip opener and separate mid-row fertilizer bander. Another five were built and distributed to research stations and a university so that NT agronomic plot studies could be carried out effectively. By the mid to late 1980s, the thoughts, designs and concepts had been disseminated to leading farmers and local equipment manufacturers, while plot scale equipment had been delivered to agronomic researchers at several institutions (McLaughlin and Dyck, 1986). Key contacts and influencers were connected with the research, industry and farm communities across several provinces. Those, in turn, were connected to farm organizations, industry associations and government research agenda decision-makers.

In the late 1980s and early 1990s, agricultural scientists in Canada had an international development agreement with Brazil for which Ben did some design work (planting directly into maize stover) and sent them a prototype on a 3-point hitch tool bar. In 1995, the year after retirement, Ben travelled to Australia (Western Australia and New South Wales) to give a series of presentations to farmers. Foreign researchers and farmers came to the prairies throughout the 1980s and 1990s to visit Ben and researchers at other research stations, universities and farmers who were ‘thought leaders’. By 1980, Wayne Lindwall had moved to the Lethbridge research station where he carried out independent and collaborative work with many other institutions. This leadership of a few was leveraged to many through extension.

 4.2 An example of collaborative applied research: Tillage 2000

Tillage 2000 (T2000) was a long-term (5 years), on-farm field-scale research and demonstration project, which began in 1985 and was fully implemented during 1986 (Aspinall and Kachanoski, 1993). It was provincial in scope, allowing for the testing and demonstration of innovative conservation practices across most regions of Ontario. Cooperators were selected based on field site suitability (soil type, topography, access, location), and the interest and capabilities of the cooperator. The main objective was to develop and evaluate conservation farming systems, which maximized economic productivity and minimized soil degradation for specific soil types. The project was conducted on 40 farms across Ontario. T2000 was unique to soil conservation in Ontario by virtue of its methodology and process. The project included both a research and demonstration component within an economic farm unit framework. The process was both investigative and developmental over several years. The programme was designed to introduce concepts of conservation tillage systems to a larger number of producers and to provide a way to distribute known information and experience through field-scale demonstration.

T2000 was a cooperative effort by the Ontario Ministry of Agriculture and Food (OMAF), the Department of Land Resource Science, the University of Guelph, and the Ontario Soil and Crop Improvement Association. In addition, several conservation authorities (watershed-based governance) had joint agreements with OMAF to deliver the T2000 programme as part of an agricultural soil and water conservation programme. In southwestern Ontario, T2000 was part of the federal-provincial Soil and Water Environmental Enhancement Programme. Support also came from agribusiness who provided expertise and donated products to the project. The project was managed by the OMAF soil conservation advisors. These staff were largely new hires at the time. There was little technical information available about conservation tillage systems, so this project provided them with valuable hands-on experience working with farmer cooperators as they learned together. The University of Guelph involvement also meant that the learnings were being shared with others in the department providing current conservation tillage information for lectures. It also brought field-scale research to the farm involving the cooperator so they could see research first hand and they were able to express their challenges and research needs to the researcher.

The T2000 sites provided a great opportunity for local farmers to see a conservation tillage system working on a farm near them. The farmer cooperators supported a farmer-to-farmer extension effort. The project provided the cooperators with field-scale research data, providing results to support them to speak and promote practices to producers at farm tours, meetings and extension events. Many became mentors to those wishing to adopt conservation agriculture.

NT did particularly well considering that the farmers and their advisors were novices and the soils in these plots were in a state of biological and physical transition. A strong contributing factor to the success of this project was the commitment of the farmers to make it work. They truly applied a systems approach for making it work. The data in the T2000 project indicated that it should be possible to implement a conservation tillage system with no loss in yield productivity or economic return, in all but the heavier textured soils. This is especially true for sandy textured soils where increases in yield are likely under conservation tillage.

 5Policy and programmes

The early plowing of the prairie grasslands, subsequent intensive tillage and the successive drought period of the 1920s and 1930s brought large erosion events, poor crops and failing farm economics. After one drought period in 1931–32, more than one-third of the population of the province of Saskatchewan received government ‘relief’ payments (Marchildon, 2009). Prairie provinces and the federal government were both concerned and developed policy responses to the disaster with dedicated organizations. Political differences and strained relationships between provinces and the federal government over the political power of prairie farmers created discord in the formation of institutions (Marchildon, 2009). Alberta created Special Areas Boards that administered and rehabilitated eroded and abandoned lands while the federal Prairie Farm Rehabilitation Administration (PFRA), although prairie mandated, focused their presence and power in Saskatchewan (Marchildon et al., 2008). The Alberta Special Areas Boards emphasized a range of conservation practices but emphasized efforts on returning cropland to perennial forages (more drought resistance) and cattle farming. The PFRA had a wide spectrum of research, technology and extension efforts with land management practices focusing on crop-summer fallow strip cropping and shelterbelt tree plantings. PFRA would pay certain farms to change practices to become ‘demonstration farms’ (Marchildon et al., 2008). PFRA continued operations until the 1990s although their focus became more centred on water infrastructures. such as farm storage and regional irrigation systems.

Soil degradation issues and their consequences (erosion, salinization, loss of fertility) persisted into the 1970s. In the 1980s, the Senate of Canada held consultation meetings across the country and produced a seminal document, ‘Soil at Risk: Canada’s eroding future’ in 1984 (Senate, 1984). This prompted both a bottom-up push from farm organizations involved in the consultations as well as top-down attention and nudging from the Senate to the national and all provincial governments. The Senate had a champion senator from Saskatchewan (Senator Sparrow). The report and champion garnered media attention and public interest and support for policy change. This was the period of the emergence of pioneer farmers and NT technology in Canada when farmers felt empowered, governments wanted to support them or at least felt compelled to and progress forward.

The ‘Soil at Risk’ report made 20 recommendations, including the development of a comprehensive soil and water conservation policy at the national and provincial levels of government. They further made a number of recommendations on research, including the establishment of regional institutes for applied research. Educational institutions were encouraged to increase training in conservation and that a national soil conservation week be created for public awareness and education. Senator H. Sparrow, the chair of the Senate committee, was a tireless advocate for the report recommendations from coast to coast. This high-level report prompted policy developments at the national and provincial levels for more than a decade, which aligned well with the emergent groundswell of farmer interest and adoption of CA principles. Drivers for policy change came from international markets, trade agreements, the government’s desire to reduce policy costs and changes in perspectives.

Ontario Chapter, Soil Conservation Society of America (OCSCSA, 1983) Studies by the Pollution from Land Use Activities Reference Group (PLUARG) of the International Joint Commission (IJC) have estimated that 60% to 70% of the sediments delivered to the Great Lakes by streams are from agricultural sources and 30% to 40% are from urban sources. The principal sources of soil erosion by water are sheet and rill erosion (70–100%) and stream-bank erosion (0–30%). The IJC urged Canada and the United States to adopt measures to address this issue.

Historically, Canadian agriculture policy was focused on price support often categorized under the title of stabilization policies, which protected farm gate commodity revenues or costs. In a review of policies up to 1995, Barichello (1995) noted the historic stability policies focus was in response to Canada’s significant climate variability as well as global markets, thin margins and few insurance options. Under the lesser title of ‘Other Policy Instruments’, Barichello (1995) listed institutional policies of research/development/extension and sustainable agriculture. He did estimate that the expenditures in all these categories were about 2% of market sales for Canada. Later, Gellner and Rattray (2001) noted the continued emphasis on direct payment policies to farmers (listing nine programmes) but perceived policy frameworks are shifting from farm gate to the larger integrated food system and rural economy. At the same time, there was a significant downward trend in support of agriculture and the desire of government for the farm and commodity organizations to undertake more decision-making and programme delivery roles.

Against the historical inertia cloud of price support and stabilization policy, the ‘Soils at Risk’ report was disruptive but aligned with international trade agreements wanting ‘green’ policy, public interest in environmental issues and the drive for farmers to find economic environmentally sustainable production practices. There was a range of soil conservation reports that appeared in the mid-1980s accompanied with some national incentive funding initially through existing programmes and eventually a National Soil Conservation Programme created in 1989 (Ward et al., 2010). This programme, often with matching funds from provinces, funded farmer organizations across Canada as well as some applied research efforts by education and research institutions. The condition or option of leveraging funding from other governments and institutions nudged innovation and new directions at a range of institutions as well as collaborations of staff between them. Collaborative extension was a key component to move CA adoption.


An example of collaborative extension

In the early 1980s, the Ontario Ministry of Agriculture and Food responded by introducing the Ontario Soil Conservation and Environmental Protection programme (OSCEPAP) to provide financial incentives for farmers to install erosion control structures and improve manure storage. The early uptake of the programme was slow. To promote and help deliver the programme and to provide soil conservation assistance, 12 soil conservation advisors were hired by the province. They were partnered with conservation authorities (community-based watershed management agencies; Conservation Ontario, 2020) in what was called the Joint Agricultural Soil and Water Conservation Programme. The advisors worked with conservation authority staff, OMAF agricultural engineers, farm organizations, individual farmers, input suppliers, machinery dealers, university and government researchers and others to promote the use of erosion control structures, windbreaks and better manure storages. In a little over a year, the OSCEPAP programme was fully subscribed, thanks to this extension effort. The programme provided financial assistance for erosion control structures and technical advice for that and improved tillage practices, but it did not provide financial incentives for the adoption of reduced tillage.
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