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This significant, timely and well-written expansion of the first edition does ‘Conservation Agriculture’ (that somewhat fuzzy descriptor) a great service by drawing together key subjects which, it becomes evident, underpin the effects of all lasting improvements in management of land’s dynamic resources. Of these improvements, direct seeding into well-structured soil covered by evenly-distributed crop residues, and managed in rotations including legumes, appears to be one of the most effective and sustainable forms of good agriculture, whose beneficial effects all other approaches should aim to emulate.   
2. The authors bring together a wide range of experience, knowledge and understanding of crop production and soil management, from New Zealand, USA, Brazil, Nepal and UK, from broad-area farming to smallholder systems. They provide a comprehensive overview of what is likely to be future of biologically-sustainable farming.
3. The chapter-headings show coverage of the rationale, nature, benefits and risks of no-tillage farming; comparison of approaches and equipment required to undertake it; managing the minimisation of soil disturbance and the maximisation of effective soil-cover; environmental emissions and carbon sequestration; economic comparisons; and procedures for development and technology-transfer concerning no-tillage seeding. The advantages far outweigh the disadvantages of adopting and persisting with this form of husbandry.
4. For each chapter, a key sentence at the start, plus a numbered point-summary at the end, provide its sharp essence. Among the detail in the chapters is a varied wealth of information, no matter from which specialist viewpoint it is assessed, whether agricultural engineer, crop specialist, soil conservationist, hands-on farmer, researcher, non-farm agriculturist, economist, et al. All will find significant information and the interlinkages which weave the topics together throughout the book.
5. To many people, ‘Conservation Agriculture’ may imply, primarily, effectiveness in ‘soil-and-water-conservation’ – ‘SWC’ as it is commonly generalised. This book indicates a deeper meaning:  with reference to true sustainability, it implies also the conservation of a soil’s capacity for regenerating and maintaining the integrity of its porous three-dimensional matrix of solids and spaces (the soil’s architecture), which derives from the dynamics of beneficial soil-inhabiting organisms interacting with the physical, hydric and chemical constituents of soil. This biological capacity is an essential part of soil-forming processes. The capacity of landscapes to continue producing vegetation and usable water is clearly linked to this. Here the values of well-distributed crop residues are seen not just as breaking the force of erosive raindrops but also as the food-source of the soil-inhabiting organisms which contribute to build-up of soil structure’s complex of solids and spaces. In the dynamic ecosystems of soil it is this microscopic 3-D geometry of stable aggregates which favours both root growth and function on the one hand, and the infiltration, retention and movement of water into plants and into ground water on the other.   Loss of appropriate porosity both hinders plant growth and results in runoff and soil movement. The authors state, with justification, that no-till farming is the best technique for effective reduction/avoidance of soil erosion yet devised, though this is not always its best or only justification.   
6. Exposition of the system’s characteristics and benefits explains many of the shortcomings of other efforts aimed at erosion-control as a solution to declining productivity, and sheds new light on old problems. This insight invites the suggestion that a change to no-tillage approaches is likely to improve the results, in different places and situations, of other soil-conserving initiatives in situations where conventional tillage is currently the norm.    
7. The authors stress the fundamental importance of the carbon cycle in the dynamics of the soil ecosystem and in landscapes’ provision of environmental services. The immediate biological C-cycle - which absorbs and converts carbon dioxide and stores the carbon in humic materials - is far better balanced than the fossil C-cycle:  in the latter, burning of coal and oil releases carbon captured in past ages much quicker than the present-day biological C-cycle can recapture it. The three pillars of Conservation Agriculture – minimum soil tillage, crop rotation, continuous residue cover – are all linked in the biological carbon cycle, as are the many aspects of environmental sustainability and the many other benefits arising therefrom. No-till farming has the capacity both to increase rates of soil-carbon accumulation and – because of less powered mechanical input – to reduce carbon dioxide emissions from machinery powered by fossil fuel.  As well as enabling reduction in N2O emissions, N-fixation by legumes within  rotations appears to be a key factor for carbon-accumulation and, in this, is more effective than ‘bag-nitrogen’ applied as a fertiliser to grass .

8. Because both soil and crop residues are valuable resources, it demeans soil to call it just ‘dirt’, and demeans crop residues to call them just ‘trash’.   
9. The book brings into question common assumptions about what conditions seeds require for good germination and regular emergence, of which a highly-disturbed ‘seedbed’ has been the most common. From observations of its development and growth in un-tilled soils, a seed’s actual requirements were found to be closely related to the presence and maintenance of a soil atmosphere at near-100% humidity in its immediate vicinity. This has led to the development and favouring of the ‘inverted-T’ soil-opener for placing seeds and fertilizers in optimum positions relative to each other and to the soil surface, coupled with an efficient system of re-covering the slot to minimise moisture-loss. This insight has enabled definition of criteria by which to judge the likely effectiveness of different seeder equipment as indicated by evenness of seedling emergence, as opposed to regularity of seed-spacing as governed by seed-rate alone. The reasons for this type of soil-opener being superior to others, as judged by seedling performance, is documented and illustrated.
10. Many benefits accrue to minimal disturbance of a soil once in its self-adjusting optimum condition. Tillage of any sort not only deranges soil’s 3-d geometry but also is inimical to carbon retention, because it stimulates its rapid oxidation and release as carbon dioxide back to the atmosphere. Experiments showing this lend credibility to an assertion in the literature that ca. 25 percent of all the increase in carbon dioxide in the atmosphere over the last two centuries could be attributable to tillage agriculture. Carbon-dioxide emission from a tilled soil has been shown to be directly and linearly related to the volume of soil disturbed; and further, that a single year’s inversion-tillage can undo many previous years’ accumulation of carbon in that soil. This also contributes to an explanation of the widespread long-term decline in soil organic carbon levels under many forms of tillage agriculture, especially in the tropics and sub-tropics. No-till farming has capabilities to reverse this trend, resulting in carbon accumulation in the soil following absorption of atmospheric carbon dioxide by plants.  
11. The book points to the fact that limited possible disbenefits of well-chosen herbicides in zero-till systems are far outweighed by the beneficial ability of such systems to mitigate greenhouse gas accumulation.

12. The authors’ primary criterion for judging  the suitability of a no-tillage system is not how much crop-residue remains on the surface but whether or not the soil has been disturbed in any way prior to seeding. In some situations, where suitable equipment for direct seeding is not available, it may be better to minimise soil disturbance by graduating from tillage of the entire field-area to strip-tillage of a small proportion of its surface than to reduce the severity of conventional tillage across the whole field. Small resource-poor farmers may find this an appropriate way to approach many of the benefits of the best zero-tillage systems. These include reduction in costs, improvements in efficiency of resource-use – of time, soil, equipment, money, carbon, water, seeds – and attainment of greater sustainability of their processes of production.   
13. A particular advantage small-scale farmers have, by comparison with those using large seeding-machines, is that they are in a position to monitor closely and literally what is happening as seeding proceeds, and make adjustments immediately. Success requires such close monitoring, of both plant, soils and bank-balances, that it has been called ‘knee-bend farming’ – keeping a close watch on what is happening. The authors quote one farmer who said, delightedly: ‘It has brought the fun back into farming!’.
14. In all situations, restricting traffic – by wheels or feet – into long-lasting ‘tramlines’  is an important complement to no-till seeding for minimising the lateral extent of damage to the soil architecture.   
15.  The authors stress that successful no-tillage agriculture cannot be achieved without a significant change in the farmer’s mind-set concerning soil management and how to achieve the necessary improved conditions. For soils already deteriorated under conventional tillage systems, it will likely take some seasons under no-till management before it is in optimum condition for the chosen means to show fullest effects.   
16. Not only farmers but society as a whole benefit from the reductions in carbon emissions and increase in carbon capture, greater absorption capacity of the soil, improvements in hydrologic conditions at micro- and macro-scale, and greater stability of raised production in the face of erratic climatic conditions. Farmers who embrace the approach therefore deserve ‘backstopping’ assistance from society as a whole to make the transition over time from resource-depletion to resource-enhancement and greater agro-ecologic sustainability. 
17. After the time needed for transition, and the soil has recovered itself from former damage, there are significant economic benefits gained with no more – and often less – risk than previously. While reduction in costs is an important consideration, it is the improved performance of both plants and equipment which justifies the switch.

18. Large-farm zero-tillage systems are mainly in the more-temperate climatic zones. There are challenges for researchers, advisory workers, policy-makers, for the linkages between them and between them and their clients, the farmers. One of these is to extend the spread of this type of farming to benefit the often resource-poor smallholders in the sub-tropical and tropical zones. This poses particular questions where both poverty and high density of population coincide, but even under those conditions, progress is being made, as in the Indo-Gangetic plains. Experiences among small farmers in Brazil – where development of both manual and animal-drawn no-tillage seeding equipment to suit their needs, has continued for more than 20 years – provide encouragement and ideas to other countries, other conditions, in their own development strategies.
19. Experiences from Brazil are also of value because the country spans many combinations of agro-ecological zone and socio-economic condition, often relatively close to each other. A corollary is that farming systems based on the principles of zero-tillage farming can be effective in almost any situation. No-tillage farming has the possibility to become a very important improvement in crop production and resource-conservation for developing countries into the future. A task for research is to clarify and highlight the principles underlying no-tillage advantages, and to work with advisory staff on how to translate them into workable practices for small resource-poor farmers. 
20. It is interesting that this ‘new’ technology, and the book’s insights into how it works, also illuminates anew both former extensive farming systems in e.g. African countries which included long periods under recuperative ‘bush-fallow’, and also the ‘ley-farming’ systems, incorporating legumes into grass-breaks in rotations, which sustained temperate agriculture before mineral fertilisers became the mainstays of plant nutrition.
21. Applying organic-rich no-tillage farming systems effectively and continuously appears to offer the best means of sustaining land’s capacities to continue to produce plants and water, as climates change and populations increase into the future.
22. The writings are backed by 15 page-sides of close-spaced references.

23. A cheaper edition would ensure it could be more widely read, so that its messages spread also to minds and bookshelves where it is really needed – out among the farmers and non-farm agriculturists.   
T.F. Shaxson  25.2.07

� 1st ed.: ‘No-Tillage Seeding: Science and Practice’ (1996), by Baker, Saxton and Ritchie. Wallingford: CABI.
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