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What this is:   

This packet contains the beginning and end of the 2021 USDA-
SARE publication Building Soils for Better Crops, 4th Edition 
(“BSBC”).  It captures many core messages from this key book. 

What this is NOT: 

This excerpt is NOT a substitute for reading all of BSBC.  We 
recommend that everyone with an interest in soil health read 
the ENTIRE book, which is available at no cost in pdf format 
from: https://www.sare.org/resources/building-soils-for-
better-crops/ 

Why we are providing this: 

Chris Lawrence of VA NRCS and other key VA Soil Health Coalition (VSHC) partners recommend that 
BSBC serve as the primary textbook for partnership soil health training and outreach in Virginia. 

This book offers many great advantages – we recommend downloading and reading all of BSBC! 

A key disadvantage: BSBC is almost 400 pages long.  Although it is written in highly accessible, 
farmer-friendly language, many folks can’t commit to reading that much, at least to start. 

But almost everyone should be able to find the time to read 31 pages written in simple BSBC style. 

Therefore, we are providing this excerpt as a starting point for those too busy or intimidated to 
tackle the whole book right now.  Please skim the Table of Contents to become familiar with the 
many topics that BSBC covers, read about the authors and SARE, and dig into the introductory and 
concluding pages of this great resource. 

For those who are still too busy, we’ve highlighted the sentences that we consider most important.  
If you don’t have time to read every line in this packet, at least read the highlights! 

Who to contact with questions or comments:  

• Mary Sketch, VSHC Coalition Director, msketch2@vt.edu or 919.402.7241 
• Chris Lawrence, VA NRCS State Cropland Agronomist, 

chris.lawrence@usda.gov or 804.356.0610     

https://www.sare.org/resources/building-soils-for-better-crops/
https://www.sare.org/resources/building-soils-for-better-crops/
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PREFACE

Used to be anybody could farm. All you needed was a strong back … but nowadays you need a good  

education to understand all the advice you get so you can pick out what’ll do you the least harm. 

—VERMONT SAYING, MID-1900s

We have written this book with farmers, farm advi-
sors, students and gardeners in mind, although we have 
also found copies of earlier editions on the bookshelves 
of many of our colleagues in science. Building Soils for  
Better Crops is a practical guide to ecological soil man-
agement that provides background information as well  
as details of soil-improving practices. This book is meant 
to give the reader a holistic appreciation of the importance  
of soil health and to suggest ecologically sound practices 
that help to develop and maintain healthy soils.

Building Soils for Better Crops has evolved over 
time. The first edition focused exclusively on the man-
agement of soil organic matter. It is the central com-
ponent of healthy soils, and if you follow practices that 
build and maintain good levels of soil organic matter, 
you will find it easier to grow healthy and high-yielding 
crops. Plants can better withstand droughty conditions 
and won’t be as bothered by insects and diseases. By 
maintaining adequate levels of organic matter in soil, 
you have less reason to use as much commercial fertil-
izer, lime and pesticides as many farmers now purchase. 
Soil organic matter is that important. The second edition 
expanded the scope to other aspects of soil management 
and became recognized as a highly influential book that 
inspired many towards holistic soil health management.

The third edition was rewritten, expanded with new 
chapters, and had broader geographical scope; it evolved 
into a more comprehensive treatise of sustainable soil 
management for a global audience. Since its publication 
in 2009, the understanding and promotion of soil health 
and more holistic approaches to managing crops and 
soils has truly taken off. We now have numerous major 
soil health initiatives by governments and NGOs in the 
United States and around the world.

The fourth edition provides critical updates to reflect 
the new science and many new exciting developments in 
soil health. It still has a primary perspective on farming 
and soils in the United States, but we further expanded 
the global scope and included a new chapter on growing 
plants in urban environments.

A book like this one cannot give exact answers to 
problems on specific farms. In fact, we purposely stay 
away from prescriptive approaches. There are just too 
many differences from one field to another, one farm to 
another, and one region to another, to warrant blan-
ket recommendations. To make specific suggestions, 
it is necessary to know the details of the soil, crop, 
climate, machinery, human considerations and other 
variable factors. Good soil management is knowledge 
intensive and needs to be adaptive. It is better achieved 
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through education and understanding than with simple 
recommendations.

Over many millennia, people have struggled with 
the same issues of maintaining soil productivity as we 
struggle with today. We quote some of these people in 
many of the epigraphs at the beginning of each chap-
ter in appreciation for those who have come before. 
Vermont Agricultural Experiment Station Bulletin No. 
135, published in 1908, is especially fascinating; it con-
tains an article by three scientists about the importance 
of soil organic matter that is strikingly modern in many 
ways. The message of Edward Faulkner’s Plowman’s 
Folly—that reduced tillage and increased use of organic 
residues are essential to improving soil—is as valid today 
as it was in 1943 when it was first published. And let’s 
not forget the first textbook of soil management, Jethro 
Tull’s A Horse-Hoeing Husbandry, or an Essay on the 
Principles of Tillage and Vegetation, first published in 
1731. Although it discusses now-refuted concepts, like 
the need for intensive tillage, it also contains the blue-
prints for modern seed drills and crop rotations. The 
saying is right: what goes around comes around. Sources 
are cited at the end of each chapter and at the end of the 
book, although what’s provided is not a comprehensive 
list of references on the subject.

Many people reviewed individual chapters for 
this edition or the entire manuscript at one stage 
or another and made very useful suggestions. We 
would like to thank Anthony Bly, Tom Bruulsema, 
Dennis Chessman, Doug Collins, Willie Durham, Alan 
Franzluebbers, Julia Gaskin, Vern Grubinger, Joel 
Gruver, Ganga Hettiarachchi, Jim Hoorman, Tom 
Jensen, Zahangir Kabir, Doug Karlen, Carl Koch, 
Peter Kyveryga, Doug Landblom, Matt Leibman, 
Kate MacFarland, Teresa Matteson, Tai McClellan 

Maaz, Justin Morris, Rob Myers, Doug Peterson, Heidi 
Peterson, Sarah Pethybridge, Steve Phillips, Matt Ryan, 
Paul Salon, Brandon Smith, John Spargo, Diane Stott, 
Candy Thomas, Sharon Weyers, Charlie White and 
Marlon Winger.

We recognize colleagues who provided photos in the 
figure captions, and we are grateful for their contribu-
tions. All other photos are our own or are in the public 
domain. We also acknowledge some of our colleagues—
Bob Schindelbeck, Joseph Amsili, Jean Bonhotal, 
George Abawi, David Wolfe, Omololu (John) Idowu, 
Bianca and Dan Moebius-Clune, Ray Weil, Nina Bassuk, 
and Rich Bartlett (deceased)—as well as many of our 
former students and postdocs, who have made contribu-
tions or whose ideas, insights and research have helped 
shape our understanding of the subject. And we thank 
our wives, Amy Demarest and Cindy van Es, for their 
patience and encouragement during the writing of this 
book. Any mistakes are, of course, ours alone.

A final note about units of measure. Agricultural 
practitioners are notorious for using different units 
around the world, like bushels, quintals, hectares, 
acres, manzanas, and imperial or metric tons. This book 
has an expanding global audience, and many readers 
outside North America, and scientists like us, would 
perhaps prefer the use of metric units. But we decided 
to maintain the use of imperial units in the book for the 
convenience of our original target audience. We trust 
that it does not excessively distract from your reading 
experience and that readers will make the conversions 
when the numbers really matter.

Fred Magdoff, University of Vermont
Harold van Es, Cornell University

January 2021
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INTRODUCTION

… it is our work with living soil that provides sustainable alternatives to the triple crises of climate, energy, 

and food. No matter how many songs on your [smartphone], cars in your garage, or books on your shelf, it is 

plants’ ability to capture solar energy that is at the root of it all. Without fertile soil, what is life?

—VANDANA SHIVA, 2008

Throughout history, humans have worked the fields, 
and land degradation has been a common occurrence. 
Many civilizations have disintegrated from unsus-
tainable land use, including the cultures of the Fertile 
Crescent in the Middle East, where the agricultural 
revolution first began about 10,000 years ago. The 2015 
Status of the World’s Soil Resources report produced 
by FAO’s Intergovernmental Technical Panel on Soils 
raised global awareness on soil’s fundamental role for 
life on earth but estimated that 33 percent of land is 
moderately to highly degraded, and it is getting worse. 
The report identified 10 main threats to soil’s ability to 
function: soil erosion, soil organic matter loss, nutri-
ent imbalance, soil acidification, soil contamination, 
waterlogging, soil compaction, soil sealing, salinization 
and loss of soil biodiversity. The current trajectories 
have potentially catastrophic consequences and millions 
of people are at risk, especially in some of the most vul-
nerable regions. Moreover, this has become much more 
relevant as soils are critical environmental buffers in a 
world that sees its climate rapidly changing.

In the past, humankind survived because people  
developed new lands for growing food. But a few 
decades ago the total amount of agricultural land 
actually began to decline because new land could no 
longer compensate for the loss of old land retired from 
agriculture due to degradation or due to its use for 
urban, suburban and commercial development. The 
loss of agricultural land combined with three current 

trends—increasing populations; greater consumption 
of animal products produced in large-scale facilities, 
which creates less-efficient use of crop nutrients; and 
expanding acreages for biofuel crops—strains our ability 
to produce sufficient food for the people of the world. 
We have now reached a point where we are expanding 
into marginal lands like shallow hillsides and arid areas, 
which are very fragile and can degrade rapidly (Figure 
I.1). Another area of agricultural expansion is virgin 
savannah and tropical rainforest, which are the last rem-
nants of unspoiled and biologically rich land and help 
moderate climate change. The rate of deforestation at 
this time is very disconcerting: if continued at this level, 
there will be little virgin forest left by the middle of the 
century. We must face the reality that we are running 

Figure I.1. Reaching the limits: Marginal rocky land is put into production 
in Africa. 
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out of land and need to use the agricultural land we have 
more productively. We have already seen hunger and 
civil strife over limited land resources and productivity, 
and global food crises are a regular occurrence. Some 
countries with limited water or arable land are purchas-
ing or leasing land in other countries to produce food for 
the “home” market, and investors are obtaining land in 
Africa, Southeast Asia and Latin America. 

Nevertheless, human ingenuity has helped us 
overcome many agricultural challenges, and one of the 
truly modern miracles is our agricultural system, which 
produces abundant food. High yields often come from 
the use of improved crop varieties, fertilizers, pest con-
trol products and irrigation. These yields have resulted 
in food security for much of the developed world. At 
the same time, mechanization and the ever-improving 
capacity of field equipment allow farmers to work an 
increasing amount of acreage. But we have also spectac-
ularly altered the flows of organic matter and nutrients 
in an era when agricultural commodities are shipped 
across continents and oceans. Despite the high produc-
tivity per acre and per person, many farmers, agricul-
tural scientists and Extension specialists see severe 
problems associated with our intensive agricultural 
production systems. Examples abound:  
•	� With conventional agricultural practices heavily de-

pendent on fossil fuels, unpredictable swings in their 
prices affect farmers’ net income.

•	� Prices farmers receive and food prices in retail stores 
fluctuate in response to both supply and demand, as 
well as to speculation in the futures markets.

•	� Increasing specialization of agriculture and geo-
graphical separation of grain and livestock produc-
tion areas—even the diversion of food and animal 
feed crops to ethanol and biodiesel production—have 
reduced the natural cycling of carbon and nutrients 
with severe consequences for soil health and water 
and air quality. 

•	 Too much nitrogen fertilizer or animal manure often 

causes elevated nitrate concentrations in streams 
and groundwater. These concentrations can become 
high enough to pose a human health hazard. Many 
of the biologically rich estuaries and where riv-
ers flow into seas around the world—the Gulf of 
Mexico, Baltic Sea and increasingly other areas—
are hypoxic (have low oxygen levels) during late 
summer months due to nitrogen enrichment from 
agricultural sources. 

•	 Phosphate and nitrate in runoff and drainage water 
enter freshwater bodies and degrade their quality by 
stimulating algae growth. 

•	 Antibiotics used to fight diseases in confined, 
concentrated farm animals, or used just to promote 
growth, can enter the food chain and may be found 
in the meat we eat. Perhaps even more important: 
their overuse on farms where large numbers of ani-
mals are crowded together has resulted in outbreaks 
of human illness from strains of disease-causing bac-
teria that have become resistant to many antibiotics. 

•	 Erosion associated with conventional tillage and lack 
of good rotations degrades our precious soil and, at 
the same time, causes reservoirs, ponds and lakes to 
silt up. 

•	 Soil compaction by large equipment reduces water 
infiltration and increases runoff, thereby increasing 
flooding while at the same time making soils more 
drought prone. 

•	 Agriculture, as it expanded into desert regions, has 
become by far the largest consumer of fresh water. In 
many parts of the world groundwater is being used 
for agriculture faster than nature can replenish it. 
This is a global phenomenon, with over half of the 
largest aquifers and rivers in the world being exploit-
ed at rates exceeding recharge. 
The whole modern system of agriculture and food 

is based on extensive fossil fuel use: to make and power 
large field equipment, produce fertilizers and pesticides, 
dry grains, process food products, and transport them 
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over long distances. With the declining production from 
easily extractable oil and gas, there has been a greater 
dependence on sources that are more difficult to extract, 
such as deep wells in the oceans, the tar sands of Canada 
and a number of shale deposits (accessed by hydraulic 
fracturing of the rock). All of these sources have signifi-
cant negative effects on soil, water, air and climate. With 
the price of crude oil fluctuating but tending to be much 
greater than in the 20th century, and with the current 
relatively low price of natural gas dependent on a pol-
luting industry (water pollution and methane emissions 
with hydraulic fracturing), the economics of the “mod-
ern” agricultural system need to be reevaluated. 

The food we eat and our surface and groundwaters 
are sometimes contaminated with disease-causing 
organisms and chemicals used in agriculture. Pesticides 
used to control insects, weeds and plant diseases can be 
found in foods, animal feeds, groundwater and sur-
face water running off agricultural fields. Farmers and 
farmworkers are at special risk. Studies have shown 
higher cancer rates among those who work with or near 
certain pesticides. Children in areas where pesticides are 
used extensively are also at risk of having developmental 
problems. When considered together, the costs from 
these inadvertent byproducts of agriculture are huge. 
More than a decade ago, the negative effects on wildlife, 
natural resources, human health and biodiversity in the 
United States were estimated to cost between $6 billion 
and $17 billion per year. The general public is increas-
ingly demanding safe, high-quality food that is produced 
without excessive damage to the environment—and 
many are willing to pay a premium to obtain it. 

To add to the problems, farmers are in a perpetual 
struggle to maintain a decent standard of living. The 
farmer’s bargaining position has weakened as corporate 
consolidations and other changes occur with the agri-
cultural input (seeds, fertilizers, pesticides, equipment, 
etc.), food processing and marketing sectors. For many 
years the high cost of purchased inputs and the low 

prices of many agricultural commodities, such as wheat, 
corn, cotton and milk, caught farmers in a cost-price 
squeeze that made it hard to run a profitable farm. As 
some farms go out of business, this dynamic has favored 
the expansion of production among remaining farmers 
seeking physical and economic advantages of scale.

Given these problems, you might wonder if we 
should continue to farm in the same way. A major effort 
is under way by farmers, Extension educators and 
researchers to develop and implement practices that are 
both more environmentally sound than conventional 
practices and, at the same time, more economically 
rewarding for farmers. As farmers use management 
skills and better knowledge to work more closely with 
the biological world and with the consumer, they fre-
quently find that there are ways to increase profitability 
by decreasing the use of inputs purchased off the farm 
and by selling directly to the end user. 

Governments have played an ambiguous role in 
promoting sustainability in agriculture. Many promoted 
certain types of farming and production practices that 
worsened the problems, for example through fertilizer 
subsidies, crop insurance schemes and price guarantees. 
But governments also pour funds into conservation 
programs (especially in the United States), require 
good farming practices for receiving subsidies (espe-
cially Europe) and establish farming standards (e.g., for 
organic production and for fertilizer and pesticide use). 
A new bright spot is that private-sector sustainability 
initiatives in agriculture are gaining ground. The general 
public is increasingly aware of the aforementioned 
issues and is demanding change. Several large con-
sumer-facing retail and food companies (many that are 
international) therefore see a benefit from projecting an 
image of corporate sustainability. They are using supply 
chain management approaches to work with agricultural 
businesses and farmers to promote environmentally 
compatible farming. Indeed, the entire agriculture and 
food sector benefits when it becomes more sustainable, 
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and there are numerous win-win opportunities to reduce 
waste and inefficiencies while helping farmers become 
more profitable over the long run.

SOIL HEALTH INTEGRAL TO SUSTAINABLE AGRICULTURE 
You might wonder how soil health fits into all this. 
It turns out that it is a key aspect of agricultural 
sustainability because soils are foundational to the 
food production system while also providing other 
critical services related to water, air and climate. 
With the new emphasis on sustainable agriculture 
comes a reawakening of interest in soil health. Early 
scientists, farmers and gardeners were well aware of 
the importance of soil quality and organic matter to the 
productivity of soil after they saw fertile lands become 
unproductive. The significance of soil organic matter, 
including living organisms in the soil, was understood 
by scientists at least as far back as the 17th century. 
John Evelyn, writing in England during the 1670s, 
described the importance of topsoil and explained that 
the productivity of soils tended to be lost with time. 
He noted that their fertility could be maintained by 
adding organic residues. Charles Darwin, the great 
natural scientist of the 19th century who developed the 
modern theory of evolution, studied and wrote about the 
importance of earthworms to nutrient cycling and the 
general fertility of the soil. 

Around the turn of the 20th century, there was 
again an appreciation of the importance of soil health. 
Scientists realized that “worn-out” soils, whose produc-
tivity had drastically declined, resulted mainly from the 
depletion of soil organic matter. At the same time, they 
could see a transformation coming: Although organic 
matter was “once extolled as the essential soil ingredi-
ent, the bright particular star in the firmament of the 
plant grower, it fell like Lucifer” under the weight of 
“modern” agricultural ideas (Hills, Jones, and Cutler, 
1908). With the availability of inexpensive fertilizers and 
larger farm equipment after World War II, and with the 

availability of cheap water for irrigation in dry regions, 
many people forgot or ignored the importance of organic 
matter in promoting high-quality soils. In fact, the trad-
ing of agricultural commodities in a global economy cre-
ated a serious imbalance, with some production regions 
experiencing severe organic matter losses while others 
had too much. For example, in specialized grain produc-
tion, most of the organic matter and nutrients—basic 
ingredients for soil health—are harvested and routinely 
shipped off the farm to feed livestock or to be indus-
trially processed many miles away, sometimes across 
continents or oceans. They are never returned to the 
same production fields, and moreover the carbon and 
nutrients pose problems at their destinations because 
the soils became overloaded.

As farmers and scientists were placing less empha-
sis on soil organic matter during the last half of the 
20th century, farm machinery was also getting larger. 

More horsepower for tractors allowed more land to be 
worked by fewer people. Large four-wheel-drive tractors 
allowed farmers to do field work when the soil was wet, 
creating severe compaction and sometimes leaving the 
soil in a cloddy condition, requiring more harrowing 
than otherwise would be needed. The moldboard plow 
was regarded as a beneficial tool in 19th and early 20th 
century agriculture that helped break virgin sod and 
controlled perennial weeds, but with repeated use it 
became a source of soil degradation by breaking down 
soil structure and leaving no residues on the surface. 
Soils were left bare and very susceptible to wind and 
water erosion. As farm sizes increased, farmers needed 
heavier manure and fertilizer spreaders as well as more 
passes through the field to prepare a seedbed, plant, 

 “[Organic matter was] once extolled as  

the essential soil ingredient, the bright particular 

star in the firmament of the plant grower. …”
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spray pesticides and harvest, both of which created more 
soil compaction. 

A new logic developed that most soil-related prob-
lems could be dealt with by increasing external inputs. 
This is a reactive way of dealing with soil issues—you 
respond after seeing a “problem” in the field. If a soil is 
deficient in some nutrient, you buy fertilizer and spread 
it on the soil. If a soil doesn’t store enough rainfall, all 
you need is irrigation. If a soil becomes too compacted 
and water or roots can’t easily penetrate, you use a big 
implement to tear it open. If a plant disease or insect 
infestation occurs, you apply a pesticide. But are these 
really individual and unrelated problems? Perhaps they 
are better viewed as symptoms of a deeper, underlying 
problem. The ability to tell the difference between what 
is the underlying problem and what is only a symptom 
of a problem is essential to deciding on the best course 
of action. For example, if you are hitting your head 
against a wall and you get a headache, is the problem 
the headache and is aspirin the best remedy? Clearly, 
the real problem is your behavior, not the headache, and 
the best solution is to stop banging your head against 
the wall!

What many people think are individual problems 
may just be symptoms of a degraded, poor-quality soil, 
which in turn is often related to the general way it is 
farmed. These symptoms are usually directly related 

to soil organic matter depletion, lack of a thriving and 
diverse population of soil organisms, chemical pollu-
tion or compaction caused by heavy field equipment. 
Farmers have been encouraged to react to individual 
symptoms instead of focusing their attention on general 
soil health management. A different approach—agro-
ecology—is gaining wider acceptance, implementing 

farming practices that take advantage of the inher-
ent strengths of natural systems and aiming to cre-
ate healthy soils. In this way, farmers prevent many 
symptoms of unhealthy soils from developing, instead 
of reacting after they develop and trying to overcome 
them through expensive inputs. If we are to work 
together with nature rather than attempt to overwhelm 
and dominate it, then building and maintaining good 
levels of organic matter in our soils are as critical as 
managing physical conditions, pH and nutrient levels. 
Interestingly, the public’s concern about climate change 
has generated a renewed interest in soil organic matter 
management through so-called carbon farming. Indeed, 
putting more carbon into the soil can also help reduce 
global warming.

The use of inputs such as fertilizers, pesticides and 
fuels—aided by their relatively low cost—was needed 
for agricultural development and for feeding a rapidly 
expanding global population. Let’s not ignore that. But it 
overlooked the important role of soil health and helped 
push the food production system towards practices 
where environmental consequences and long-term 
impacts are not internalized into the economic equation. 
It could then be argued that matters will not improve 
unless these structural problems are recognized and 
economic incentives are changed. Many farming regions 
have become economically dependent on a global 
system of export and import of commodities that are 
not compatible with long-term soil health management. 
Also, the sector that sells farm machinery and inputs 
has become highly consolidated and powerful, and these 
corporations generally have an interest in maintaining 
the status quo. Input prices have increased markedly 
over the last decades while prices for those commodi-
ties, with the exception of short-term price spikes, have 
tended to remain low. It is believed that this drives 
farming towards greater efficiencies, but not necessarily 
in a sustainable manner. In this context, we argue that 
sustainable soil management is profitable, and that such 

What many people think are individual  

problems may just be symptoms of  

a degraded, poor-quality soil. 
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INTRODUCTION

management will cause profitability to increase with 
greater scarcity of resources and higher prices of crop 
inputs. Even the interests of corporations in the agricul-
tural and food industries can be served in this paradigm.

This book has four parts. Part 1 provides background 
information about soil health and organic matter: what 
it is, why it is so important, why we have problems, the 
importance of soil organisms, and why some soils are 
of higher quality than others. Part 2 includes discus-
sions of soil physical properties, soil water storage, and 
carbon and nutrient cycles and flows. Part 3 deals with 
the ecological principles behind, and the practices that 
promote, building healthy soil. It begins with chap-
ters that place a lot of emphasis on promoting organic 
matter buildup and maintenance. Following practices 
that build and maintain organic matter may be the 
key to soil fertility and may help solve many problems. 
Practices for enhancing soil quality include the use of 
animal manures and cover crops; good residue man-
agement; appropriate selection of rotation crops; use of 
composts; reduced tillage; minimizing soil compaction 

and enhancing aeration; better nutrient and amendment 
management; good irrigation and drainage; and adopt-
ing specific conservation practices for erosion control. 
Part 4 discusses how you can evaluate soil health and 
combine soil-building management strategies that actu-
ally work on the farm, and how to tell whether the health 
of your soils is improving. 

SOURCES
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Bulletin 135. pp. 142–177. University of Vermont, College of Agri-
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Chapter 1

HEALTHY SOILS

All over the country [some soils are] worn out, depleted, exhausted, almost dead.  

But here is comfort: These soils possess possibilities and may be restored to high  

productive power, provided you do a few simple things. 

—C.W. BURKETT, 1907 

It should come as no surprise that many cultures 
have considered soil central to their lives. After all, peo-
ple were aware that the food they ate grew from the soil. 
Our ancestors who first practiced agriculture must have 
been amazed to see life reborn each year when seeds 
placed in the ground germinated and then grew to matu-
rity. In the Hebrew Bible, the name given to the first 
man, Adam, is the masculine version of the word “earth” 
or “soil” (adama). The name for the first woman, Eve 
(or Hava in Hebrew), comes from the word for “living.” 
Soil and human life were considered to be intertwined. 
A particular reverence for the soil has been an import-
ant part of the cultures of many civilizations, including 
Native American tribes. In reality, soil is the basis of all 
terrestrial life. We humans are derived from soil. Aside 
from when we eat fish and other aquatic organisms, we 
obtain the essential elements in our bodies, such as the 
calcium and phosphorus in our bones and teeth, the 
nitrogen in our proteins, the iron in our red blood cells, 

and so on, all by directly or indirectly consuming plants 
that took these from the soil.

Although we focus on the critical role soils play in 
growing crops, it’s important to keep in mind that soils 
also provide other important services. Soils govern 
whether rainfall runs off the field or enters the ground 
and eventually helps recharge underground aquifers.  
When a soil is stripped of vegetation and starts to 
degrade, excessive runoff and flooding are more com-
mon. Soils also absorb, release and transform many 
different chemical compounds. For example, they help 
to purify wastes flowing from the septic system drain 
fields in your backyard. Soils also provide habitats for 
a diverse group of organisms, many of which are very 
important, such as those bacteria that produce antibiot-
ics and fungi that help plants obtain nutrients and water 
and improve soil structure. Soil organic matter stores 
a huge amount of atmospheric carbon. Carbon, in the 
form of carbon dioxide, is a greenhouse gas associated 

Photo by Dan Anderson
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with global warming. So, by increasing soil organic 
matter, more carbon can be stored in soils, reducing the 
potential for climate change. We also use soils as a foun-
dation for roads, industry and our communities. 

HOW IS SOIL MADE?
Before we consider what makes a soil rich or poor, we 
should learn how it comes into existence. Soil consists 
of four parts: solid mineral particles, water, air and 
organic matter. The particles are generally of sand, silt 
and clay size (and sometimes also larger fragments) 
and were derived from weathering of rocks or 
deposition of sediments. They mainly consist of silicon, 
oxygen, aluminum, potassium, calcium, magnesium, 
phosphorus, potassium and other minor chemical 
elements. But these elements are generally locked up in 
the crystalline particles and are not directly available to 
plants. However, unlike solid rock, soil particles have 
pore spaces in between them that allow them to hold 
water through capillary action: the soil can act like a 
sponge. This is an important process because it allows 
the soil water, with the help of carbon dioxide in the air, 
to very slowly dissolve the mineral particles and release 
nutrients—we call this chemical weathering. The soil 
water and dissolved nutrients, together referred to as 
the soil solution, are now available for plants. The air in 
the soil, which is in contact with the air above ground, 
provides roots with oxygen and helps remove excess 
carbon dioxide from respiring root cells. 

What role do plants and soil organisms play? They  
facilitate the cycling of organic matter and of the nutri-
ents, which allows soil to continue supporting life. 
Plants’ leaves capture solar energy and atmospheric 
carbon from carbon dioxide (CO2) through photosyn-
thesis. The plant uses this carbon to build the sugars, 
starches and all the other organic chemicals it needs to 
live and reproduce. At the same time, plant roots absorb 
both soil water and the dissolved nutrients (nitrogen is 
added to soils or directly to plants through associated 

biological processes). Now, the mineral nutrients that 
were derived from the soil are stored in the plant bio-
mass in organic form in combination with the carbon 
from the atmosphere. The seeds tend to be especially 
high in nutrients, but the stems and leaves also contain 
important elements. Eventually plants die and their 
leaves and stems return to the soil surface. Sometimes 
plants don’t return directly to the soil surface, but 
rather are eaten by animals. These animals extract 
nutrients and energy for themselves and then defecate 
what remains. Soil organisms help to incorporate both 
manure and plant residues into the soil, while the roots 
that die, of course, are already in the soil. This dead 
plant material and manure become a feast for a wide 
variety of organisms—beetles, spiders, worms, fungi, 
bacteria, etc.—that in turn benefit from the energy 
and nutrients the plants had previously stored in their 
biomass. At the same time, the decomposition of organic 
material makes nutrients available again to plants, now 
completing the cycle. 

But is it a perfect cycle? Not quite, because it has not 
evolved to function under intensive agricultural produc-
tion. The chemical weathering process that adds new 
nutrients into the cycle continues at a very slow pace. 
On the other end of the cycle the soil captures some of 
the organic matter and puts it “in storage.” This happens 
because soil mineral particles, especially clays, form 
bonds with the organic molecules and thereby protect 
them from further decomposition by soil organisms. In 
addition, organic matter particles inside soil aggregates 
are protected from decomposition. Over a long time, 
the soil builds up a considerable reservoir of nutrients 
from slowly decomposing minerals and carbon, and 
of energy from plant residue in the form of organic 
matter—similar to putting a small amount of money into 
a retirement account each month. This organic matter 
storage system is especially impressive with prairie and 
steppe soils in temperate regions (places like the central 
United States, Argentina and Ukraine) because natural 
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grasslands have deep roots and high organic matter 
turnover (Figure 1.1).

In a natural system this process is quite efficient 
and has little nutrient leakage. It maximizes the use of 
mineral nutrients and solar energy until the soil has 
reached its maximum capacity to store organic matter 
(more about this in Chapter 3). But when lands were 
first developed for agriculture, plowing was used to 
suppress weeds and to prepare the soil for planting grain 
crops. Plowing was also beneficial because it acceler-
ated organic matter decomposition and released more 
nutrients than unplowed land. This was a major rift in 
organic matter cycling, because it caused more organic 
matter to be lost each year than was returned to the soil. 
In addition, a related rift occurred in nutrient cycling 
as some of the nutrients were harvested as part of the 
crop, removed from the fields and never returned. Other 
nutrients were washed out of the soil. Over time, the 
organic matter bank account that had slowly built up 
under natural vegetation was being drawn down.

However, until organic matter became seriously 
depleted, its increased decomposition through tillage 
helped to supply crops with released nutrients and these 
rifts did not cause widespread concern. On sloping lands 
these losses went much faster because the organic mat-
ter near the surface also eroded away after the soil was 
exposed to rain and wind. Only in the past century did 
we find effective ways to replenish the lost nutrients by 
applying fertilizers that are derived from geologic depos-
its or the Haber-Bosch process for producing nitrogen 
fertilizers. But the need to replace the organic matter 
(carbon) was mostly ignored until recently. 

The organic matter in the soil is more complex and 
plays many important roles in soils that we will discuss 
in Chapter 2. Not only does it store and supply nutrients 
and energy for organisms, it also helps form aggregates 
when mineral and organic particles clump together. 
When it is made up of large amounts of different-sized 
aggregates, the soil contains more spaces for storing 

water and allowing gas exchange, as oxygen enters for 
use by plant roots and by soil organisms and the carbon 
dioxide produced by organisms leaves the soil. So in 
summary, the mineral particles and pore spaces form 
the basic structure of the soil, but the organic matter is 
mostly what makes it fertile.

WHAT KIND OF SOIL DO YOU WANT? 
Farmers sometimes use the term soil health to describe 
the condition of the soil. Scientists usually use the 
term soil quality, but both refer to the same idea: how 
well the soil is functioning for whatever use is being 
considered. The concept of soil health focuses on the 
human factor—the anthropogenic influence—that is 
increasingly significant due to many years of intensive 
management. This is different from the inherent 

Figure 1.1. Soils build a storage reservoir of carbon and nutrients in or-
ganic matter, and can also hold water and air. The organic matter builds 
up from decayed plant material and accumulates mostly in the dark root 
zone under the surface. Photo by USDA-NRCS.
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differences in soils that are the result of the natural 
factors that formed the soil, such as the parent material, 
climate, etc. Thereby, an analogy with humans is apt: 
We may have some natural differences from our genetic 
backgrounds (taller or shorter, fairer or darker, etc.), but 
our health still strongly affects the way we can function 
and is greatly influenced by how we treat our bodies. 

In agriculture, soil health becomes a question of  
how good the soil is at supporting the growth of high- 
yielding, high-quality and healthy crops. Given this, how 
then would you know a high-quality soil from a lower- 
quality soil? Most farmers and gardeners would say they 
know one when they see one. Farmers can certainly tell 
you which of the soils on their farms are of low, medium 
or high quality, and oftentimes they refer to how dark 
and crumbly it is. They know high-quality soil because 
it generates higher yields with less effort. Less rainwa-
ter runs off and fewer signs of erosion are seen on the 
better-quality soils. Less power is needed to operate 
machinery on a healthy soil than on poor, compacted 
soils. But there are other characteristics that we’d like a 
soil to have. These can be condensed into seven desir-
able attributes of healthy soils:
1.	� Fertility. A soil should have a sufficient supply of 

nutrients throughout the growing season. 
2.	� Structure. We want a soil with good tilth so that 

plant roots can fully develop with the least amount 
of effort. A soil with good tilth is more spongy and 
less compact than one with poor tilth. A soil that has 
a favorable and stable soil structure also promotes 
rainfall infiltration and water storage for plants to 
use later. 

3.	� Depth. For good root growth and drainage, we want 
a soil with sufficient depth before a compact soil 
layer or bedrock is reached. 

4.	� Drainage and aeration. We want a soil to be 
well drained so that it dries enough in the spring 
and during the following rains to permit timely field 
operations. Also, it’s essential that oxygen is able to 
enter the root zone and just as important that carbon 
dioxide leaves it (it also enriches the air near the 
leaves as it diffuses out of the soil, allowing plants to 
have higher rates of photosynthesis). Keep in mind 
that these general characteristics do not necessarily 
hold for all crops. For example, flooded soils are 
desirable for cranberry and paddy rice production.

5.	� Minimal pests. A soil should have low populations 
of plant disease and parasitic organisms. Certainly, 
there should also be low weed pressure, especially 
of aggressive and hard-to-control weeds. Most soil 
organisms are beneficial, and we certainly want high 
amounts of organisms that help plant growth, such 

THINK LIKE A ROOT!
If you were a root, what would you like from an ideal soil? Surely you’d want the soil to provide adequate nutrients and to 

be porous with good tilth, so that you could easily grow and explore the soil and so that the soil could store large quanti-

ties of water for you to use when needed. But you’d also like a very biologically active soil, with many beneficial organisms 

nearby to provide you with nutrients and growth-promoting chemicals, as well as to keep potential disease organism pop-

ulations as low as possible. You would not want the soil to have any chemicals, such as soluble aluminum or heavy metals, 

that might harm you; therefore, you’d like the pH to be in a proper range for you to grow, and you wouldn’t want to be in a 

soil that somehow became contaminated with toxic chemicals. You would also not want any subsurface layers that would 

restrict your growth deep into the soil. 
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as earthworms and many bacteria and fungi. 
6.	� Free of toxins. We want a soil that is free of chemi-

cals that might harm the plant. These can occur  
naturally, such as soluble aluminum in very acid 
soils or excess salts and sodium in arid soils. 
Potentially harmful chemicals also are introduced by 
human activity, such as fuel oil spills or when sewage 
sludge with high concentrations of toxic elements 
is applied. 

7.	� Resilience. Finally, a high-quality soil should resist  
being degraded. It should also be resilient, recovering  
quickly after unfavorable changes like compaction.

THE NATURE AND NURTURE OF SOILS 
Some soils are exceptionally good for growing crops and  
others are inherently unsuitable, but most are in 
between. Many soils also have limitations, such as low 
organic matter content, texture extremes (coarse sand 
or heavy clay), poor drainage or layers that restrict 
root growth. Midwestern loess-derived prairie soils 
are naturally blessed with a combination of a silt loam 
texture and high organic matter content. By every 
standard for assessing soil health, these soils, in their 
virgin state, would rate very high. But even many of 
these prairie soils required drainage in order for them to 
be highly productive.

The way we care for, or nurture, a soil modifies its 
inherent nature. A good soil can be abused through 
years of poor management and can turn into one with 
poor health, although it generally takes a lot of mistreat 
ment to reach that point. On the other hand, an innately 
challenging soil may be very “unforgiving” of poor man-
agement and quickly become even worse. For example, 
a heavy clay loam soil can be easily compacted and 
turned into a dense mass. Naturally good and poor soils 
will probably never reach parity through good farming 
practices because some limitations simply cannot be 
completely overcome, but both can be productive if they 
are managed well.

HOW DO SOILS BECOME DEGRADED? 
Although we want to emphasize healthy, high-quality 
soils because of their ability to produce high yields of 
crops, it is also crucial to recognize that many soils in 
the United States and around the world have become 
degraded: they have become “worn out.” Degradation 
most commonly begins with tillage—plowing and 
harrowing the soil—causing soil aggregates to break 
apart, which then causes more rapid loss of soil organic 
matter as organisms have greater access to residues. 
This accelerates erosion, because soils with lower 
organic matter content and less aggregation are more 
prone to accelerated erosion. And erosion, which takes 
away topsoil enriched with organic matter, initiates a 
downward spiral resulting in poor crop production. Soils 
become compact, making it hard for water to infiltrate 
and for roots to develop properly. Erosion continues and 
nutrients decline to levels too low for good crop growth. 
The development of saline (too salty) soils under 
irrigation in arid regions is another cause of reduced soil 
health. (Salts added in the irrigation water need to be 
leached beneath the root zone to avoid the problem.) 

Soil degradation caused significant harm to many 
early civilizations, including the drastic loss of produc-
tivity resulting from soil erosion in many locations in 
the Middle East (such as present day Israel, Jordan, 
Iraq and Lebanon) and southern Europe. This led either 
to colonial ventures to help feed the citizenry—like the 
Romans invading the Egyptian breadbasket—or to the 
decline of the civilization. The only exceptions were the 
convergence zones in the landscapes, valleys and deltas 
where the nutrients and sediments flow together and 
fertility can be maintained for many centuries (more 
about this in Chapter 7).

Tropical rainforest conditions (high temperature  
and rainfall, with most of the organic matter near the 
soil surface) may lead to significant soil degradation 
within two or three years of conversion to cropland. 
This is the reason the “slash and burn” system, with 
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people moving to a new patch of forest every few years, 
developed in the tropics. After farmers depleted the soils 
(the readily decomposed organic matter) in a field, they 
would cut down and burn the trees in the new patch, 
allowing the forest and soil to regenerate in previously 
cropped areas. 

The westward push of U.S. agriculture was stimu-
lated by rapid soil degradation in the East, originally 
a zone of temperate forest. Under the environmental 
conditions of the Great Plains (moderate rainfall and 
temperature, with organic matter distributed deeper 
in the soil), it took many decades for the effects of soil 
degradation to become evident (Figure 1.2).

The extent of deteriorating soil on a worldwide basis 
is staggering: Soil degradation has progressed so far 
as to decrease yields on about 20% of all the world’s 
cropland and on 19–27% of the grasslands and range-
lands. The majority of agricultural soils are in only fair, 
poor or very poor condition. Erosion remains a major 
global problem, robbing people of food and each year 
continuing to reduce the productivity of the land. Each 
year some 30–40 billion tons of topsoil are eroded from 
the croplands of the world.

HOW DO YOU BUILD A HEALTHY, HIGH-QUALITY SOIL? 
Some characteristics of healthy soils are relatively 
easy to achieve. For example, an application of ground 
limestone will make a soil less acid and will increase the 
availability of many nutrients to plants. But what if the 
soil is only a few inches deep? In that case, there is little 
that can be done within economic reason, except on a 
very small, garden-size plot. If the soil is poorly drained 
because of a restricting subsoil layer of clay, tile drainage 
can be installed, but at a significant cost economically 
and environmentally. 

We use the term building soils to emphasize that 
the nurturing process of converting a degraded or 
low-quality soil into a truly high-quality one requires 
understanding, thought and significant actions. It is 
a process that mirrors the building of soil through 
natural processes where plants and organic matter 
are key elements. This is also true for maintaining or 

Figure 1.2. Agricultural soil (left) and natural soil (grassland; right) from 
adjacent sites in the U.S. Great Plains. Agricultural soil has lower soil 
organic matter and higher density. Photos by Kirsten Kurtz.

… What now remains of the formerly rich land 

is like the skeleton of a sick man, with all the fat 

and soft earth having wasted away and only the 

bare framework remaining. Formerly, many of the 

mountains were arable. The plains that were full 

of rich soil are now marshes. Hills that were once 

covered with forests and produced abundant 

pasture now produce only food for bees. Once 

the land was enriched by yearly rains, which were 

not lost, as they are now, by flowing from the bare 

land into the sea. The soil was deep, it absorbed 

and kept the water in the loamy soil, and the water 

that soaked into the hills fed springs and running 

streams everywhere. Now the abandoned shrines at 

spots where formerly there were springs attest that 

our description of the land is true. 

—PLATO, 4TH CENTURY B.C.
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improving already healthy soils. Soil organic matter has 
a positive influence on almost all of the characteristics 
we’ve just discussed. As we will see in chapters 2 and 8, 
soil organic matter is even critical for managing pests. 
Appropriate organic matter management is, therefore, 
the foundation for high-quality soil and for a more 
sustainable and thriving agriculture. It is for this reason 
that so much space is devoted to organic matter in this 
book. However, we cannot forget other critical aspects 
of management, such as trying to lessen soil compaction 
and good nutrient management. 

Although the details of how best to create high-qual-
ity soils differ from farm to farm and even field to field, 
the general approaches are the same. For example: 
•	� �Minimize tillage and other soil disturbances to 

maintain soil structure and decrease losses of native 
soil organic matter.

•	� Implement a number of practices that add 
diverse sources of organic materials to the soil. 

•	� Maximize live roots in the soil and use rotations 
and cover crops that include a diverse mix of 
crops with different types of root systems. 

•	� Provide plenty of soil cover through cover 
crops and/or surface residue even when economic 
crops aren’t present in order to protect the soil from 

raindrops and temperature extremes. 
•	� Whenever traveling on the soil with field equipment, 

use practices that help develop and maintain 
good soil structure. 

•	� Manage soil fertility status to maintain optimal 
pH levels for your crops and a sufficient supply 
of nutrients for plants without contributing to 
water pollution. 

•	� In arid regions, reduce the amount of sodium or 
salt in the soil. 
There are also large-scale considerations related to 

the structure of agriculture and associated nutrient and 
carbon flows that tie into this. Later in the book we will 
return to these and other practices for developing and 
maintaining healthy soils. 

SOIL HEALTH, PLANT HEALTH AND HUMAN HEALTH
Of the literally tens of thousands of species of soil 
organism, relatively few cause plant diseases. And the 
same is true for human diseases, with examples such as 
tetanus (a toxin produced by a bacterium), hookworm (a 
nematode), and ringworm (a fungus). But the physical 
condition of soil can also affect human health. For 
example, people in the path of dust storms, which pick 
up fine particles from bare soils, may have significant 

EVALUATING YOUR SOILS
Score cards and laboratory tests have been developed to help farmers assess their soils, using scales to rate the health of 

soils. In the field, you can evaluate the presence of earthworms, severity of erosion, ease of tillage, soil structure and color, 

extent of compaction, water infiltration rate and drainage status. Doing some digging can be especially enlightening! Then 

you rate crops growing on the soils by such characteristics as their general appearance, growth rates, root health, degree of 

resistance to drought and yield. It’s a good idea for all farmers to fill out such a scorecard for every major field or soil type 

on your farm every few years, or, alternatively, to send in soil to a lab that offers soil health analyses. But even without do-

ing that, you probably already know what a really high-quality and healthy soil—one that would consistently produce good 

yields of high-quality crops with minimal negative environmental impact—would be like. You can read more on evaluating 

soil health in Chapter 23. 
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respiratory problems and damaged lung tissue. In 
general, soils with a high degree of biological diversity, 
good soil structure and continual cover with living 
plants will be healthier for people as well as the plants 
growing in them. In fact, frequent contact with soil 
and farm animals early in life results in fewer allergies 
and stimulates the immune system, helping it to better 
respond to infections as one grows older.

We discuss soil degradation in this chapter because 
protecting soil’s productivity and limiting environmental 
impacts are important objectives in and of themselves. 
However, there are ongoing debates around the world 
about whether improved soil health also translates into 
better-quality food and human health outcomes. Soils 
are the primary source of minerals for humans and ani-
mals, but can soil degradation eventually lead to nutri-
tion and health problems? Also, is organically produced 
food healthier than conventional foods?

To answer these questions we need to understand 
the two main components of the food chain: how soil 
health affects plant health and how plant health sub-
sequently affects human health. Together, this is the 
soil-plant-human health connection. For our discussion 
we’ll ignore the impacts of intermediate steps of food 
processing, diets and food sourcing, although these can 
also have significant impacts. 

Soils provide plants with nutrients and water, but 
this doesn’t always happen in an optimal way. Healthy 
plants require essential nutrients like nitrogen, phos-
phorus, potassium and other major and minor ele-
ments discussed in Chapter 18. Other elements are not 
essential but are considered beneficial because they have 
a positive effect on plant growth or help the uptake of 
other elements. These are typically taken up by plants 
in trace amounts. A third category is toxic elements 
that are detrimental to plants at certain concentrations. 
Sometimes, elements are essential or beneficial at low 
concentrations and may become toxic at high concentra-
tions, like copper and iron.

Nutrient Deficiencies
When crops are grown over many years, nutrients in soil 
are steadily absorbed by plants. In natural ecosystems 
the nutrients in plant material are mostly cycled back to 
the soil, but agricultural systems generally remove many 
of these nutrients from the farm when the harvested 
crops are sold, with variable amounts of nutrients 
remaining on the farm in residues, depending on the 
crop. (We discuss cycles and flows in Chapter 7). With 
the use of synthetic fertilizers some nutrients, notably 
nitrogen, phosphorus, potassium and calcium, are 
being replenished, but the minerals needed in small 
or trace amounts generally don’t get replaced. This 
is especially the case in developing countries where 
farmers often don’t analyze their soils and they apply 
standard fertilizer blends. Sometimes this is aggravated 
by compaction problems, when the minerals may be 
present in deeper soil layers but are not root accessible. 
In some cases soils are naturally deficient in essential 
elements that may affect plants, animals or humans. For 
example, selenium is naturally low in the northeastern 
and northwestern United States. It does not affect plants 
much but can cause problems with animals and humans.

Toxicities
Many elements in soil can become toxic to plants, 
animals or humans. The most egregious cases tend 
to be associated with some type of pollution from 
human activities. For example, heavy metals may have 
accumulated from atmospheric deposition of industrial 
smokestack emissions or from acid deposition from 
coal-fired power plants. In other cases agricultural 
activities themselves cause problems, like the long-term 
use of fertilizers containing high levels of cadmium. 
An unusual case involved the introduction of tube 
wells in Bangladesh to irrigate rice. The groundwater 
source contains naturally high levels of arsenic, 
which accumulates in the rice grains, causing serious 
health concerns with local populations. (A common 
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occurrence in regions of grain crop production is the 
over application of nitrogen fertilizer, which can lead to 
high concentrations of nitrate in drinking water, which 
adversely affects the health of rural residents. Although 
this problem is not a result of direct consumption of 
plants, it is directly related to how we grow crops.)

Another issue is that crops growing on soils low in 
biodiversity, in which plant disease organisms flour-
ish, are generally treated with pesticides (fungicides, 
insecticides, nematicides). These chemicals, as well as 
herbicides, may find their way into the foods we eat, 
sometimes into the groundwater we drink. There has 
been a link established between a number of pesticides 
in the environment and human diseases.

Human Health Effects
It is difficult to scientifically prove effects of soil health 
on human health, in part due to the complexity of 
diets and ethical considerations around clinical trials 
involving humans. The most significant effect of soil 
degradation relates to the reduced ability to produce 
sufficient nutritious foodstuffs to meet peoples’ basic 
caloric and protein needs. Especially in isolated rural 
areas in developing countries people depend on crops 
and animals raised on their own farms with little 
opportunity to buy additional food. Degraded soils and 
weather extremes can cause crop losses and significantly 
impact the food supply, with especially high concerns for 
the long-term impacts to children. 

A secondary problem associated with soil degradation  
is deficiencies of essential minerals, especially in soils 
that are naturally of low fertility. Again, this may be 
a problem in regions with mineral mining and heavy 
dependence on local grain-dominated diets. In devel-
oped societies nutritional deficiencies are rare because 
people obtain food from diverse sources. For example, 
regional soil selenium deficiency does not impact people  
when they also eat nuts from other regions. (In developed  
societies, the concern is increasingly about unhealthy 

diet choices and the affordability of healthy food.)
Humans also benefit from organic plant compounds 

that may be indirectly linked to soil health, like the 
protein content in grains (related to nitrogen in soil), 
or so-called secondary metabolites that have beneficial 
health effects, like antioxidant activity (for example, 
phenolics and anthocyanins). A question is whether we 
can link the benefits of better soil management to actual 
higher human health outcomes. For example, organic 
management requires certain practices that enhance 
soil health because it involves integrated nutrient 
and organic matter management through better use 
of rotations and organic amendments. But will it also 
improve food quality and human health? Many people 
choose organic foods due to concerns about pesticides 
(which is a real potential health issue that we should be 
aware of) or because they believe it tastes better. Or they 
feel strongly about supporting farmer livelihoods and 
reducing environmental impacts. There is no evidence 
that nutrients from organic sources affect human health 
differently than those from synthetic or processed 
sources, because either way plants take up the nutrients 
almost exclusively as inorganic forms. Some studies 
have shown that organically produced food can posi-
tively impact some indicators such as increased levels of 
antioxidants. But due to many other confounding factors 
(people who eat organic food typically have better diets, 
healthier lifestyles, and are wealthier), no study has 
been able to definitively correlate those with positive 
human health outcomes.

A LARGER VIEW 
In this book we discuss the ecological management of 
soils. And although the same basic principles discussed 
here apply to all soils around the world, the problems 
may differ in specifics and intensity, and different mixes 
of solutions may be needed on any particular farm or 
in any ecological zone. It is estimated that close to half 
the people in the world are deficient in nutrients and 
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vitamins and that half the premature deaths that occur 
globally are associated with malnutrition. Part of the 
problem is the low amount of nutrient-rich foods such 
as vegetables and fruits in diets. When grains form too 
large a part of the diet, even if people obtain sufficient 
calories and some protein, the lack of other nutrients 
results in health problems. Although iron, selenium, 
cobalt and iodine deficiencies in humans are rare in the 
United States, they may occur in developing countries 
whose soils are depleted and nutrient poor. It frequently 
is an easier and healthier solution to get these nutrients 
into peoples’ diets by increasing plant content by adding 
these essential elements to the soil (or through irrigation 
water for iodine) rather than to try to provide everyone 
with supplements. Enhancing soil health—in all its 
aspects, not just nutrient levels—is probably one of the 
most essential strategies for providing nutritious food 
to all the people in the world and ending the scourge of 
hunger and malnutrition.
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… generally, the type of soil management that gives the greatest immediate return leads to  

a deterioration of soil productivity, whereas the type that provides the highest income  

over the period of a generation leads to the maintenance or improvement of productivity. 

—CHARLES KELLOGG, 1936 

Chapter 24

PUTTING IT ALL TOGETHER

Photo by Abram Kaplan

In this chapter, we’ll provide some guidance on pro-
moting high-quality soils through practices that main-
tain or increase organic matter, develop and maintain 
optimal physical and biological conditions, and promote 
top-notch nutrient management. In Part 3, we discussed 
many different ways to manage soils, crops and residues, 
but we looked at each one as a separate strategy. In 
the real world, you need to combine a number of these 
approaches and use them together. In fact, each practice 
is related to, or affects, other practices that promote soil 
health. The key is to modify and combine them in ways 
that make sense for your farm. In our discussion of the 
topics, we generally focused on farms, but the same 
principles apply to gardens large and small. 

We hope that you don’t feel as confused as the per-
son on the left in Figure 24.1. If the thought of making 
changes on your farm is overwhelming, you can start 
with just one or two practices that improve soil health. 
Not all of the suggestions in this book are meant to 
be used in every situation. Also, a learning period is 

probably needed to make new management practices 
work. Experiment on one or two selected fields and 
permit yourself to make a few mistakes. 

Ultimately your decisions need to support the bot-
tom line. Research shows that the practices that improve 
soil health generally also improve the economics of the 
farm, in some cases dramatically. Higher soil health 
tends to provide higher yields and more yield stability, 
while allowing for reduced crop inputs. However, you 
need to consider the fact that the increased returns may 
not be immediate. After you implement new practices, 
soil health may improve slowly, and it may take a few 
years to see improved yields or changes in the soil itself.  
Similarly for other businesses like landscaping, your 
initial investments in soil health may be more expensive 
but will result in better outcomes for your clients in the 
long run, like more aesthetic parks and gardens that are 
more resilient and less expensive to maintain.

The bottom line therefore may not improve immedi-
ately. Changing management practices may involve an 
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investment in new equipment; for example, changing 
tillage systems requires new tillage tools and planters. 
For many farmers, these short-term limitations may 
keep them from making changes, even though they are 
hurting the long-term viability of the farm. Big changes 
are probably best implemented at strategic times. For 
example, when you are ready to buy a new planter, 
consider a whole new approach to tillage as well. Also, 
take advantage of flush times—for example, when 
you receive high prices for products—to invest in new 
management approaches. However, don’t wait until that 
time to make decisions. Plan ahead, so you are ready to 
make the move at the right time. If you establish a new 
orchard, vineyard or landscaped area, it’s best to do 
whatever is possible to improve the soil before you put 
your plants into the ground. When switching to no-till it 
likewise makes sense to try to add extra organic matter, 
take care of subsoil compaction and correct any nutrient 
deficiencies. Remember that soil health management is 

a long-term commitment. There are no silver bullets or 
snake oils that will work to build soil health; it requires 
integrating the concepts of physical, biological and 
chemical processes we have discussed in this book. 

GENERAL APPROACHES 
The ultimate purpose of ecological soil management 
is to create a healthy habitat belowground, with good 
soil structure, thriving and diverse soil organisms, and 
nutrients in sufficient supply for high crop yields while 
not in excess and, as a result, causing off-site pollution. 
When this is combined with healthy above ground 
habitat, in the field and around its perimeter, plants are 
provided with optimal conditions for their growth and 
protection against pests. Soil health can be improved 
through six main approaches: 
•	 reducing tillage 
•	 avoiding soil compaction 
•	 growing cover crops 

Figure 24.1. Are all the practices discussed in this book just confusing? Solutions can be found by matching them with the needs and opportunities of 
your farm.

Reduced tillage

Rotations

Erosion control

Cover crops

Manures, composts
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Reduced tillage

Rotations

Erosion control

Nutrients
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•	 using better crop rotations 
•	 applying organic amendments in appropriate 

quantities
•	 applying inorganic amendments in appropriate 

quantities, timing and locations
There are many options for making soil management 

changes in different types of farming systems. We have 
discussed these in the previous chapters with respect 
to helping remedy specific problems. A good analogy 
is to think of your soil as a bank account with credits 
and debits. The credits are management practices that 
improve soil health, like manure additions, reduced 
tillage and cover crops. The debits are the ones that 
degrade the soil, like compaction from field traffic and 
intensive tillage (Table 24.1). One farming system may 
result in a different balance sheet than another due to 
specific constraints. For example, a daily harvest sched-
ule means that you cannot avoid traffic on wet soils, and 
small-seeded crops require intensive tillage (at least in 
the planting row) in order to prepare a seedbed. Still, 
strive to optimize the system: If a “bad” practice, such 
as harvesting in a wet field that contains spoilable crops, 
is unavoidable, try to balance it with a “good” practice, 
thereby making your soil health account flush. Also, 
you may have options to reduce the impacts of a bad 
practice, like controlling traffic to certain lanes to reduce 
unavoidable soil compaction.

If at all possible, use rotations that use grass or legume  
forage crops (or a combination of the two), or crops with  
large amounts of residue as important parts of the system.  
Leave residues from annual crops in the field, or, if you 
remove them for feed, composting or bedding, return 
them to the soil as manure or compost. Use cover crops 
when soils would otherwise be bare to add organic mat-
ter and maintain soil biological health, capture residual 
plant nutrients, keep the soil protected and reduce ero-
sion. Cover crops also help maintain soil organic matter 
in resource-scarce regions that lack possible substitutes 
for using crop residues for fuel or building materials. 

Raising animals or having access to animal wastes 
from nearby farms gives you a wider choice of econom-
ically sound rotations. Those that include perennial 
forages make hay or pasture available to dairy and beef 
cows, sheep and goats—and nowadays even poultry. 
In addition, on mixed crop-livestock farms, animal 
manures can be applied to cropland. It’s easier to main-
tain organic matter on a diversified crop-and-livestock 
farm, where sod crops are fed to animals and manures 
are returned to the soil. Compared to crop farms, fewer 
nutrients leave farms when livestock products are the 

Table 24.1 
Balance Sheet for Soil Health Management*

Practice or Condition Improves  
Soil Health

Reduces  
Soil Health

Tillage

moldboard plowing XX

chisel plowing X

disking X

harrowing X

conservation tillage X

Compaction

light X

severe XX

Organic matter additions

bedded manure XX

liquid manure X

compost XX

mulch XX

Cover crops

winter grain XX

winter legume X

summer grain XX

summer legume XX

Rotation crops

3-year sod XX

1-year sod X

*X = a moderate effect; XX = a greater effect.
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main economic output. However, growing crops with 
high quantities of residues, plus frequent use of green 
manures and composts, helps maintain soil organic mat-
ter and soil health even without animals. In many situ-
ations you may have opportunities to bring in organic 
resources. Perhaps there is a lot of municipal compost 
available in your area, or maybe a nearby dairy farm 
sells well-composted manure that can help you grow 
vegetables or improve an orchard or landscaped area.

You can maintain or increase soil organic matter  
more easily when you use reduced-tillage systems, espe- 
cially no-till and strip-till. The decreased soil disturbance  
keeps biological activity and organic matter decomposi-
tion near the surface and helps maintain a soil structure 
that allows rainfall to infiltrate rapidly. Leaving residue 
on the surface, or applying mulches, has a dramatic 
impact on soil biological activity. It encourages the 
development of earthworm populations, maintains soil 
moisture and moderates temperature extremes. Adding 
mulch can be very helpful after you plant perennial trees 
to control weeds and conserve soil moisture.

Compared with conventional tillage, soil erosion is 
greatly reduced under minimum-tillage systems, which 
help keep organic matter and rich topsoil in place. Any 
other practices that reduce soil erosion, such as contour 
tillage, strip cropping along the contours and terracing, 
also help maintain soil organic matter. Even if you use 
minimum-tillage systems, you also should use sound 
crop rotations. In fact, it may be more important to 
rotate crops when large amounts of residue remain 
on the surface, as they may harbor insect and disease 
organisms. These problems may be worse in monocul-
ture with no-till practices than with conventional tillage.

WHAT MAKES SENSE FOR YOUR SITUATION? 
We strongly advocate a holistic management approach 
designed to prevent problems from developing, as 
preventive medicine approaches do. And, as with human 
health, we have the ability to diagnose problems through 

observations and testing. If problems are identified, 
the patient and physician develop strategies to address 
them. This may include a change in diet, exercise, a 
pill or even surgery. There are often multiple ways 
and combinations to reach the same goal, depending 
on personal preferences and circumstances. Similarly 
for soil health, what makes sense for any individual 
operation depends on the soils, the climate, the nature 
of the enterprise, the surrounding region, potential 
markets and your goals. The tests and observations 
provide useful guidance to help target constraints, but 
there is rarely a simple recipe. We wish it was that easy. 
Holistic soil health management based on ecological 
principles requires an integrative understanding of 
the processes, which is basically the purpose behind 
this book. 

Start with regularly testing your soils, preferably 
using comprehensive soil health analyses, and apply-
ing amendments only when they are needed. Testing 
soils on each field every two to three years is one of the 
best investments you can make. If you keep the report 
forms, or record the results, you will be able to follow 
soil health changes over the years. Monitoring soil test 
changes will help you fine-tune your practices. Also, 
maintaining your pest scouting efforts and keeping 
records of those over the years will allow you to evaluate 
improvements in that area. 

PRACTICES TO HELP REMEDY SPECIFIC CONSTRAINTS 
Building soil health can help prevent problems from 
affecting the environment and plant growth. However, 
as good a job as you might do, specific problems 
may arise that require some sort of remedial action. 
The choice of a practice or combination of practices 
depends largely on specific soil health problems and 
possible constraints imposed by the farming system. We 
discussed in Chapter 21 how traditional (chemical) soil 
tests are used to provide quantitative nutrient and lime 
recommendations. As discussed in Chapter 23, newly 

chris.lawrence
Highlight

chris.lawrence
Highlight

chris.lawrence
Highlight



BUILDING SOILS FOR BETTER CROPS: ECOLOGICAL MANAGEMENT FOR HEALTHY SOILS

375

CHAPTER 24 PUTTING IT ALL TOGETHER

available soil health tests, as well as careful attention 
to your soils and crops, can help target management 
practices related to specific limitations. We cannot be 
quite as precise for making recommendations regarding 
physical and biological constraints as we can be for 
nutrient problems because these systems are more 
complex and we don’t have as strong a research base. 

General management guidelines for specific con-
straints that may have been identified from soil health 
tests or field observations are presented in Table 24.2. 

They are listed in terms of two timelines: short term or 
intermittent, and long term. The short-term recommen-
dations provide relatively quick responses to soil health 
problems, and they may need to be repeated to prevent 
recurrence of the problem. The long-term approaches 
focus on management practices that don’t provide quick 
fixes but that address the concern more sustainably. 
You will probably note that the same practices are often 
recommended for different constraints because they 
address multiple concerns at the same time. 

Table 24.2
Linking Some Soil Health Measurements to General Management Solutions

Suggested Management Practices

Physical Concerns Short Term or Intermittent Long Term

Low aggregate stability Fresh organic materials (shallow-rooted cover/rotation
crops, manure, green clippings)

Reduced tillage, surface mulch, rotation with sod crops

Low available water capacity Stable organic materials (compost, crop residues high 
in lignin, biochar)

Reduced tillage, rotation with sod crops

High surface density Limited mechanical soil loosening (e.g., strip tillage, 
aerators), shallow-rooted cover crops, bio-drilling 
cover crops, fresh organic matter

Shallow-rooted cover/rotation crops, avoiding 
traffic on wet soils, controlled traffic, physical 
decompaction—loosening

High subsurface density Targeted deep tillage (zone building, etc.), deep-rooted 
cover crops

Avoiding plows/disks that create pans, reducing 
equipment loads and traffic on wet soils, deep tillage

Biological Concerns

Low organic matter content Stable organic matter (compost, crop residues with 
high lignin, biochar), cover and rotation crops

Reduced tillage, rotation with sod crops, mulch

Low active carbon Fresh organic matter (shallow-rooted cover/rotation 
crops, manure, green clippings)

Reduced tillage, rotation

Low organic forms of nitrogen N-rich organic matter (leguminous cover crops, 
manure, green clippings)

Cover crops, manure, rotations with forage legume 
crop, reduced tillage

High root-rot rating Disease-suppressive cover crops, disease-breaking 
rotations

Disease-suppressive cover crops, disease-breaking 
rotations, IPM practices

Chemical Concerns

Low CEC Stable organic matter (compost, lignaceous/cellulosic 
crop residues, biochar), cover and rotation crops

Reduced tillage, rotation

Unfavorable pH Liming materials or acidifier (such as sulfur) Repeated applications based on soil tests

Low P, K Fertilizer, manure, compost, P-mining cover crops, 
mycorrhizae promotion

Repeated application of P, K materials based on soil 
tests; increased application of sources of organic 
matter; reduced tillage

High salinity Subsurface drainage and leaching Reduced irrigation rates, low-salinity water source, 
water table management

High sodium Gypsum, subsurface drainage, leaching Reduced irrigation rates, water table management
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Note that many of the management solutions listed 
in Table 24.2 involve improving organic matter. As you 
probably realize at this stage of the book, we believe 
that improved organic matter management is key to 
sustainable soil management. But keep in mind that 
simply bringing in any type of organic material in any 
amount is not necessarily the solution. For one thing, 
organic additions that are too large may create problems 
with nutrient surpluses. Second, some organic materials 
reduce disease levels, but others can increase them (see 
Chapter 11 on rotations and Chapter 13 on compost-
ing). Third, some constraints like acidity, sodicity and 
extremely low nutrient levels are often more effectively 
approached with chemical amendments. Fourth, there 
are important considerations relating to the type of 
organic materials that are used. In chapters 9, 10 and 12 
we discussed different organic residues and manures, 
and their effects on soil health. One important distinc-
tion is whether the material is mostly “fresh” and easily 
decomposable or contains more stable compounds. 
Fresh materials like manure, cover crops and green 
clippings are high in sugars, cellulose and proteins, and 
have relatively high N content (low C:N ratios). They 

immediately stimulate soil biolog-
ical activity, especially bacteria, 
and provide a lot of available N for 
crops. The organic materials that are 
dominated by stable materials high 
in lignin, like the residues of mature 
crops, and those that contain humic 
material, like composts, are critical 
to building soil health in the long 
term. Biochar and other heat-treated 
organic materials decompose slowly 
and are much more stable materials, 
sometimes remaining for hundreds 
of years. If, for example, aggregate 
stability or active carbon levels are 
low, the application of easily decom-

posable materials will be beneficial in the short term. 
However, these materials disappear quickly and need 
to be added regularly to maintain good aggregation. For 
longer-term effects it is recommended to include more 
stable organic compounds and use reduced tillage.

What is the role of fertilizers? The emphasis on 
organic matter should not be interpreted as a complete 
condemnation of synthetic fertilizers. It is true that 
the sole dependence on synthetic chemicals without 
consideration of organic matter and biology in the soil 
is a primary source of soil health degradation. But not 
supplying adequate nutrients where they are needed 
will make matters more dire. There are situations where 
organic crop production is possible and makes sense, 
but for better or worse, the current structure of agri-
culture leaves many areas without adequate options for 
carbon and nutrient cycling. There the emphasis should 
be on using conservation practices and supplemental 
fertilizer to reduce nutrient losses, maintain crop yields 
and enhance biomass cycling. Otherwise, soil health 
will deteriorate further and yield reductions will result 
in food shortages or will necessitate more agricultural 
expansion into natural areas.

soil
health

reduced tillage, cover cropping, 
perennial forage rotation crops, 
manure or compost 

reduced tillage, cover cropping

reduced tillage

cover cropping

years

Figure 24.2. Combining practices that promote soil health has an additive effect.
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Grain Crop Farms 
Most grain crop farms export a lot of nutrients and are 
managed with a net loss of organic matter. Nevertheless, 
these farms provide a great deal of flexibility in adopting 
alternative soil management systems because a wide 
range of equipment is available for grain production sys- 
tems. You can promote soil health easily with reduced-
tillage systems, especially no-till and strip-till. Well-
drained, coarse-textured soils are especially well adapted  
to no-till systems, and finer-textured soils do well with 
strip-till or zone-till systems. Regardless of the tillage 
system that is used, travel on soils only when they’re 
dry enough to resist compaction. However, managing 
no-till cropping on soils that are easily compacted 
is quite a challenge because there are few options to 
relieve compaction once it occurs. Controlled-traffic 
farming is a very promising approach, especially for 
such situations, although it may require adjustments of 
equipment and investment in a GPS guidance system. 
Incorporating these innovations into a conventional 
grain farm often requires an investment in new equip-
ment and creatively looking for new markets for your 
products. There also are many opportunities to use cover  
crops on grain farms, even in reduced-tillage systems. 

Even if you use minimum-tillage systems that leave 
significant quantities of residue on the surface and 
decrease the severity of erosion, you also should use 
sound crop rotations. Consider ones that use grass or 
legume perennial forage crops, or a combination of the 
two. Even bringing small grains into a row crop system 
(like corn and soybeans) can improve soil health and 
open up opportunities for cover crops. Raising ani-
mals on what previously were exclusively crop farms, 
cooperating on rotations and manure management with 
a nearby livestock farm, or growing forage crops for sale 
gives you a wider choice of economically sound rotations 
and at the same time helps to cycle nutrients better.

Organic grain crop farms do not have the flexibility 
in soil management that conventional farms have. Their 

main challenges are providing adequate nitrogen and 
controlling weeds. Tillage choices are limited because of 
the reliance on mechanical methods, instead of herbi-
cides, to control weeds. On the positive side, organic 
farms already rely heavily on organic inputs through 
green or animal manures and composts to provide 
adequate nutrients to their crops. So their balance sheet 
(Table 24.1) is often very good despite the tillage. A 
well-managed organic farm usually uses many aspects 
of ecological soil management. However, erosion may 
remain a concern when you use clean and intensive 
tillage. It is important to think about reducing tillage 
intensity; using strips, ridges or beds; controlling traffic; 
and perhaps investing in a good planter. New mechan-
ical cultivators can generally handle higher residue and 
mulch levels, and may still provide adequate weed con-
trol. Look into ways to increase surface cover, although 
this is a challenge without the use of chemical weed 
control. Alternatively, consider more traditional erosion 
control practices, such as strip cropping, as they work 
well with rotations involving sod and cover crops. 

Crop-Livestock Farms 
Diversified crop-and-livestock farms have an inherent 
advantage for improving soil health. Crops can be 
fed to animals, and manures can be returned to the 
soil, thereby providing a continuous supply of organic 
materials. For many livestock operations, perennial 
forage crops and management intensive grazing are an 
integral part of the cropping system, thereby reducing 
erosion potential and improving soil physical and 
biological properties. Nevertheless, integrated crop-
livestock farms have challenges. Corn silage harvests 
do not leave much crop residue, which needs to be 
compensated for with manure applications or cover 
crops. Minimizing tillage is also important and can be 
done by injecting the manure or gently incorporating 
it with aerators, disks or harrows rather than plowing 
it under. Soil pulverization can be minimized by 
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reducing secondary tillage, using strip or zone tillage, 
and establishing the crops with no-tillage planters 
and seeders. 

Preventing soil compaction is important on many 
livestock-based farms. Manure spreaders are typically 
heavy and frequently go over the land at unfavorable 
times, doing a lot of compaction damage. Think about 
ways to minimize this. Livestock farms require special 
attention to nutrient management, including making 
sure that organic nutrient sources are optimally used 
around the farm and that no negative environmental 
impacts occur. This requires a comprehensive look at 
all nutrient flows on the farm, finding ways to most 
efficiently use them, and preventing problems with 
excesses. Finally, management-intensive grazing sys-
tems are very efficient and are similar to how herds of 
wild animals naturally graze. Harvesting and fertil-
izing are done by the animals, but be aware that it is 
important to match stocking rates to the productivity 
of pastures. 

Vegetable Farms 
Soil health management is especially challenging on 
vegetable farms. Many vegetable crops are sensitive 
to soil compaction and often pose greater challenges 
in pest management. Vegetable lands have generally 
been worked hard over many years and have a long 
way to go toward improved soil health. Most vegetable 
farms are not integrated with livestock production, and 
it is difficult to maintain a continuous supply of fresh 
organic matter. Bringing manure, compost or other 
locally available sources of organic materials to the 
farm should be seriously considered. In some cases, 
vegetable farms can economically use manure from 
nearby livestock operations or swap land with them in 
a rotation. Farms near urban areas may benefit from 
leaves and grass clippings, and municipal or food waste 
composts, which are increasingly available. In such 
cases, care should be taken to ensure that the compost 

does not contain contaminants. Contrary to large 
commercial vegetable operations, we found that many 
smaller organic vegetable farms are often on the other 
end of the spectrum for soil health. They typically use 
good rotations and cover crops to provide nitrogen and 
to reduce pest problems, and they import manure or 
compost to maintain fertility. 

Vegetable cropping systems are often well adapted to 
the use of cover crops because the main cropping season 
is generally shorter than those for grain and forage 
crops. There is usually sufficient time for the growth of 
cover crops in the pre-, mid- or post-season to gain real 
benefits, even in colder climates, and vegetable growers 
often have a multitude of cover cropping options. Using 
them as a mulch (or importing mulch materials from 
off the farm) appears to be a good system for certain 
fresh market vegetables, as it keeps the crop from direct 
contact with the ground, thereby reducing the potential 
for rot or disease. 

But many vegetable crops are highly susceptible to 
diseases, and selection of the right cover or rotation 
crop is critical. For example, according to Cornell plant 

FINDING CREATIVE SOLUTIONS 
Dairy farmers in Vermont were concerned about 

soil health on their corn fields. The state’s colder 

continental climate limits the time window for 

cover crop establishment before winter dormancy 

sets in. Working together with University of Vermont  

specialists, the farmers experimented with two 

shorter-season corn varieties that mature seven to 

10 days earlier and increase the time window for 

cover crop establishment equivalently. They found 

that their corn yields were generally unaffected 

by the shorter growing season, but their ability to 

establish cover crops was greatly enhanced. 
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pathologist George Abawi, bean root rot is suppressed 
by rapeseed, crown vetch, wheat and rye but is actually 
enhanced by white clover. Sudan grass can effectively 
remediate compaction, control pathogenic nematodes 
and allelopathically control weeds, but it requires a long 
time window for sufficient growth. 

The immediate need to harvest crops during a very 
short period before quality declines, often a concern 
with vegetables, can result in severe compaction prob-
lems on vegetable farms. Controlled-traffic systems, 
including permanent beds, should be given serious 
consideration. Limiting compaction to narrow lanes 
and using other soil-building practices between them 
is the best way to avoid compaction damage under 
those conditions. 

Fruit Farms and Landscaping 
Many fruit crops, such as brambles, citrus, grapes, 
apples and stone fruits, are perennials that take several 
years to establish and may be harvested for 20 or more 
years. Similarly, landscaped areas in parks and gardens 
are intended to remain attractive for many years 
with minimal maintenance. This makes it especially 
important to address soil health concerns up front 

and to avoid mistakes during the establishment years, 
which can have negative impacts long into the future. 
Comprehensive soil health analyses and field surveys are 
worthwhile investments, considering the already high 
costs of establishing the crops. For tree and vine crops, 
these evaluative steps should pay attention to deeper 
soil layers, especially the presence of hard pans, subsoil 
acidity and shallow water tables, because the quality 
of the fruits is often strongly influenced by deep roots. 
It is often worthwhile to make one-time investments 
like drainage installation, in-row deep ripping and 
deep lime and compost incorporations, as these are 
difficult to perform after planting. For landscaped areas, 
future maintenance costs and watering are concerns 
that can be addressed by building up the soil before 
transplanting. Post-establishment, the emphasis should 
be on managing the surface layer. Avoiding compaction 
is important, and maintaining good surface mulches is 
generally also beneficial, depending on the crop type. 

SOME FINAL THOUGHTS 
The old folk saying, “The farmer’s footprint is the best 
fertilizer” could be modified to “The farmer’s footprint 
is the best path to improved soil health.” If you don’t 

MORE IS NOT ALWAYS BETTER WITH GRAPEVINES 
A good soil is needed in the early years in order to establish healthy grapevines. But the best wines generally come from 

soils that are not overly fertile and that allow for some water stress during the season. High organic matter and nitrogen 

contents in vineyard soils create overly abundant vegetative growth in grapevines, reducing fruit set and requiring 

repeated pruning. Also, important traits of wines are enhanced by the presence of the grapes’ anthocyanin pigments, 

which contribute to both the taste and to the color of wine. Mild water stress and reduced root growth during the early 

summer (between bloom and the beginning of the ripening stage) increase the content of these pigments. Poor drainage 

and aeration are bad for wine quality. Some of the world’s best wines are grown on soils that allow for deep rooting; are 

calcareous, sandy or gravelly; and are low in organic matter. The best climates experience water deficits during the growing 

season, which can be supplemented by irrigation if needed. This complex interaction between soil, climate and vine is 

referred to as terroir. 
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already do so, begin to regularly observe and record the 
variability in plant growth and yield across your fields. 
Take the time to track production from the various 
sections of your fields that seem different. Compare 
your observations with the results of your soil tests, 
so you can be sure that the various areas within a 
field are receiving optimum management. Each of the 
farming systems discussed above has its limitations 
and opportunities for building better soils, although the 

approaches and details may differ. Whatever crops you 
grow, when you creatively combine a reasonable number 
of practices that promote high-quality soils, most of your 
soil health problems should be solved along the way, 
and the yield and quality of your crops should improve. 
By concentrating on the practices that build high-quality 
soils, you also will leave a legacy of land stewardship for 
the next generations to inherit and follow. 
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